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Effect of Shape of MnS Inclusion on Ductility of Rolled Plate

Synopsis:

Hisashi Taxapa, Koji KANEKO,

Tsuyoshi INOUE, and Shushi KINosHITA

A study has been made of the effect of shape of MnS inclusion on the directionality of mechanical properties

using a commercial grade 0.139%,C~1.349%, Mn steel.

Shapes of inclusion are varied with temperature and

reduction ratio of rolling. Mechanical properties of longitudinal (L), transverse (C) and through-thickness

(Z) directions are measured.

MnS inclusion deforms to greater extent as rolling temperature decreases and relative plasticity of inclu—
sion (ratio of plasticity of inclusion to that of matrix) is about 0.5 at 1 250°C and 1.0 at 900°C. The
variation of ductility (reduction of area and Charpy shelf energy) with rolling conditions is clearly described
as a function of IAR (inclusion aspect ratio) in each direction.

Efforts are made on expressing the ductility in one parameter regardless of direction and rolling conditions

, -2 .
and it is found that Charpy shelf energy can be described as a function of log(1 fA), where 2f4 is the

area fraction of MnS inclusions on the ductile fracture surface of a test piece.
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Table 1. Chemical composition of steel (wt %).

G| Si|Mn| P 's ‘m ]o ‘N

0.13] 0.24 | 1.34 0.009’0.017]0.0240.0021P.0051
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Fig. 1. Inclusion shape measurement and definition
of JAR (Inclusion Aspect Ratio), a: thi-
ckness, b: length, ¢: width,

L direction is longitudinal and C direction
i1s transverse
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| Calculated by Eq. (1 )
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Logumhm of reduction ratio of slab log (4/7)

Fig. 3. Variation of relative plasticity (v ) with
reduction ratio of slab at various rolling
temperatures.

Calculated by Eq. (1).
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Fig. 4. Variation of relative plasticity of MnS
inclusion in L. and C directions of the
plates rolled at 900~1 250°C. Calculated

- from the tangent of IAR-MAR relation
shown in Fig. 2.
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Fig. 5. Variation of width ratio of MnS inclusion
and matrix in C direction with rolling re-
duction ratio at 900 and 1 250°C.
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Markers

Wo , W : Widih of specimen

Wo', W': Marker distance
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mean deformation  W/Wo

Fig. 6. Measurement of local deformation at
transverse direction of matrix.
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Fig. 7. Relationship between impact transition
temperature and rolling reduction in L, C
and Z (through-thickness) directions of the

plates rolled at 900 and 1 250°C.
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duction of area in L, C and Z directions.
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Fig. 9. Eftect of roliing reduction of normalized
and quench-tempered specimens rolled at
900 and 1 250°C on Charpy shelf energy
in L, C and Z directions.
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Fig. 10. Dependence of reduction of area in L, C
and Z directions and tensile strength in
Z direction upon IAR of plates rolled at
900~1 250°C.
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Fig. 11. Dependence of Charpy shelf energy of L,

C and Z directions upon IAR of plates
rolled at 900~1 250°C.
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Fig. 12. TAR dependence of ratio of Charpy shelf
energy of C and Z directions to L dire-
ction.
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Fig. 13. Variation of shelf energy of normalized
and quench-tempered specimen with in-
clusion shape factor ((6/a)-1/2 for C di-
rection and (¢/a) -1/2 for L direction).
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Photo. 1. Fracture surface of L direction Charpy
specimen rolled to reduction of 95.87%,
at 1250°C.

Photo. 2. Fracture surface of C direction Charpy
specimen rolled to reduction of 91.39,
at 900°C. ;
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VAR S B. Tibb MnS LpUEME fa 13,
IAR o X2 THAXT 5 LFEE, R IAR T3
L5 5 ChEME bic Z i EHORKAT 2585

Photo. 3. Fracture surface of Z direction Charpy
specimen rolled to reduction of 91.3¢;,

at 900°C.

Photo. 4. Fracture surface of Z direction Charpy
specimen of slab showing morphology
of typel MnS. (reduction 629)
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Fig.714. Variation of area fraction of MnS$ inclu-
sions on the fracture surface of impact
specimen with TAR.

(fa is area fraction measured on one side
of fractured surface)
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Fig. 135. Relationship between Charpy shelf energy
and log (1—2f4)/2fa, where 2f4 is
area fraction of MnS on the fracture

surface.

Fig. 14 &M% X 5ENEMDEKD RS LEEZ
BLTED, EHCEEOEFECE L TRATEDOE
HEMORSENPMELELD EEXLND.

i

4. %

FHELAEI X > T MnS ke Z{kxy, L,C,Z
HImDOEERAIME & ORRE R LIk R 2572

1) MnS BEEEEIEVBEI VEVWESICXL
L+ 5. 900°C BEIEM TVE MnS [ I5HH B & I3IiE
MREOCERE T 55, 1250°C InByLEF Trd MnS
VEMSAOESBREDOER LA Lk,

2) LAEMOKDITFER, EERECERR 3
—ETH BN, CHM, ZHMEOKDFERDIEKRIT
L oTHD L, RIEREOERNE X DD Z 0.

3) FEAETEC TEE T L HE 5 A\ ST I BE T CRIZE
Nz MnS oEH(6) &5 (a ) Do log(b/a)
(IAR)E, L, G, Z HAOFED LXEEERICSHD,
IAR 25k x<7%%¢C, ZAEMDEVIXMETLTWS.
$HLEmcxt5C, ZHmoRA%S JAR K&

B LWALTLS.

4) L,C,ZHMOy > v 7 70X —7% IAR TEe
W45 EATE, MnS pERLT IAR TRE<KQ
HE, Va7 ZFAF—IETLTL S.

5) vy M E—REROEMBIIEIC 5% MnS oF|
S2BEIEL, “h% MnS ZptEERETSE, L,
C, ZHMBRE<, MnS o EFEDOLE VDO
By 2 v 7 22 F—MEL e Y, 3 HmOEN%R—
OHEFTEEBTELI X RE L.

— 87 —



874 % & 8

w62 &£ (1976) 7 =

x &R

L) JNHE, G, AMRE: g&Egm, 57 (1971),
p. 2029

2) T. J. Baker, J. A. Cuarres: “Efect of second-
phase particles on the mechanical properties of
steel” The Iron and Steel Institute (1971),
p- 79

3) Es: i 24, 26 EEEIIRASREE [95FL
POERE STCICHERE] (1974), p. 99

4) @, P BFREAKR, 16 (1966), p. 226

5) P. F. Tuovason: J. Inst. Metals, 96 (1968),
p- 360

6) J. GurLanD and J. Pratcau: Trans. ASM, 56
(1963), p. 442

7) J. L. MiueuicH, J. R. Berr, and M. Kor-
cuynsky: JISI, 209 (1971), p. 469

8) J. E. Hoop and R. M. Jamimson: JISI, 211
(1973), p. 369

9) C. E. Sms: Trans. AIME, 215 (1959), p. 367

10) J. C. BruneT and J. BeLeer: JISI, 211
(1973), p. 511

11) 7. J. Baker and J. 4. CHariss: JISI, 210
(1972), p. 680 .

12) T. J. BAKER and J. A. Cuaries: JISI, 211
(1973), p. 187 .

13) H. C. Cuao and L. H. VANVLack: Trans.
AIME, 233 (1965), p. 1227

14) J. M. Gray: Preprint, ASM  Materials/Design
Workshop on High-Strength Hot Rolled Steels
for Automobiles Detroit (January 1972), &
RV B 24, 26 [ LRSI (Bt
TR EY & MOEEES X @K (1974), bp.
127 (T 15

15) X85, @, #, e i@, 59 (1973),
p. S570

16) R%: BEXE&BEL2W, 12 (1973), p. 845

— 83 —

&+

&

&

{3

2

\‘3’



