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ABSTRACT The influences of rare earth ( RE) and Ti—RE complex treatment on the microstructures and toughness in the coarse
grain heat-affected zone ( CGHAZ) of C—Mn steel were investigated using a Gleeble—1500D thermal simulator with input heat energy
of 65kJ*ecm ™. The inclusions and impact fracture morphology were observed and analyzed by scanning electron microscopy ( SEM)

and energy-dispersive X-ray ( EDX) and the microstructure was characterized using an optical microscope ( OM) . The results show
that the microstructures in the CGHAZs of RE—and Ti—RE—treated samples are mainly grain boundary ferrite ( GBF) + polygonal fer—
rite (PF) + intragranular acicular ferrite ( IAF) and grain boundary ferrite + intragranular acicular ferrite respectively. Inclusions
in the RE-reated specimen are La,0,S + Mn—Al—Si—O + MnS while those in the Ti—RE—treated specimen are La,0,S + TiO, +

Mn—Al—Si—O + MnS. The complex inclusions in Ti—RE—treated steel are smaller than those in RE-treated steel and the size of IAF
in Ti—RE—treated steel is smaller. The impact properties of the CGHAZ in Ti—RE—treated C—Mn steel is improved significantly and

the material is tougher than RE—treated steel.
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B Gleeble—1500D
65kJecm ™!
C—Mn
. 20 80 C—Mn
2o 1990 1
3
TR1* La
L0, Ti  C-Mn gy LauTi TR3" 5.5kg C—
:Lee  Pan® Ti Mn 2 min
Ti MnS TR1” TR2* TR3* La
; Song Mg La.Ti 3 min
0.0015% ~0.0026% Ti 0. 008% C— 1200 C 900 °C
Mn Ti—Mg—0 + MnS 15 mm 700 C
;Song ' La Ce 30 min
La Ce 3:1 1.
1 ( )
Table 1 Chemical compositions of tested steels %
C Si Mn s P Al Ti La 0 N
TRI1* 0.15 0.34 1.28 0.028 0.017 0. 001 0 0 0. 0025 0. 0040
TR2* 0.15 0.34 1.32 0. 026 0.016 0.001 0 0.019 0. 0068 0. 0043
TR3* 0.16 0.34 1.38 0. 025 0.016 0. 001 0.015 0. 021 0. 0063 0. 0044
3 10. 5 mm x 10. 5 mm X 55 mm JSM—6480LV
Gleeble—1500D
65 R
kJ+cm ™! T,, =1350C Table 2 Simulated thermal cycle parameters of heat affected zone
ty/s .
Is T E/(kJ+em™") >900 C > 1100 °C s>
300 °C+s ™ 2.
65 62 41 129
10mm x 10 mm x55 mm  V Pr 800 S00°C
JB300B 2
JSM—6480LV
$10 mm x 10 mm N 2.1
1000 60 Factsage6. 4
Image] 3 1
4% (a) TR1*
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MnS . la TR2* (b) . TR2* La,0,S
1700°C  La,0,S LaAlO, MnS 3 um
La Ti TR3* 2( ¢) . TR3*
MnS + La,0,S + LaAlO, + Ti, O + .2 La,0,S
TR2" 2(d)
TR1* MnS Fact—
2(a) Sage
1 .(a) TR1*;(b) TR2*;(¢) TR3*
Fig.1 Types and precipitated sequences of inclusions during cooling of tested steels: (a) TR1¥; (b) TR2*; (¢) TR3*
2.2 TR1* TR3*
3 3
2.3
TR3* 3 65kJeem ™! -20C
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65kJeem ™ 3
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56%  TR1* )
. Y TR3" 17%
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TR2*
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2 .(a) (b) TR1%;(¢c) TR2%;(d) TR3*
Fig.2 Morphology and composition of inclusions in tested steels: (a) (b) TR1¥; () TR2#; (d) TR3*

3 -20C 3 um
Table 3 Impact absorption energy of samples at —20 C 90% 1 ~2pm
/o TRI* /TR / TR3* / 50% TR3
(kJeem™1) J ] J . TR3* 2 um
of ) 124.0 149. 5 186. 4 80%  TR2* 2 ~3 pum
65 36. 1 65.6 155.3 80% Ti
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3 () TRI";(b) TR2";(¢) TR3*
Fig.3 Microstructure of forged tested steels: (a) TR1*; (b) TR2*; (¢) TR3*

4 _(a) TRI*;(b) TR2*;(¢) TR3*
Fig.4 CGHAZ microstructure of tested steels: (a) TR1¥; (b) TR2*; (¢) TR3*

3 4
TR3* Table 4 Number number density and average diameter of inclusions in
Ti . samples
/mm =2 /pm
6 TR1* 639 272 1.63
TR2* 768 372 1.77
TR3* 954 406 1.57
. TR1"
; TR2*
( 6
(a)) . TR3*
( 6(b))
5

Fig.5 Statistics of inclusion size in tested steels
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6 . (a) TR2*;(b) TR3*

Fig.6 Typical intragranular acicular ferrite and inclusion compositions in tested steels: (a) TR2*; (b) TR3*

8 3
.7 ) 3
3 i 3 — TR1*
_ TR1*.TR2".
TR3" 3 8( a) . TR3*
. TR1*
8(a)
7(a) . TR2"
7(b) . TR3" 8( b) 8( c)
60% ~70%
7(c). 9 3
3 — 3
9(a) TR1?
7 .(a) TR1*;(b) TR2*;(c) TR3*

Fig.7 Macroscopic fracture surfaces of samples: (a) TR1*; (b) TR2*; (¢) TR3*
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8 (&) TRI*;(b) TR2";(¢) TR3*
Fig.8 Brittle cleavage fracture zone morphology of samples: (a) TR1*; (b) TR2*; (¢) TR3*

9 (&) TRI*;(b) TR2";(¢) TR3*
Fig.9 Ductile fracture dimple zone morphology of tested steels: (a) TR1*; (b) TR2*; (¢) TR3*
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