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Compositions of the investigated steels (wt.%) @

Sample C Si Mn P S Al Ni | Cr | Nb Ti Vv N
Cast-1: Nb-Ti-V | 0.09 | 0.33 | 1.42 | 0.01 | 0.003 | 0.035| - | - |0.05|0.019 | 0.05 |0.007
Cast-2: Nb-V | 0.09|0.27|1.22|001] 001 |0.020] - | - |0.05| - |o0.06|0.008
Cast-3:Nb-Ti | 0.09|0.28 |1.26 |0.01| 0.01 |0.030| - | - |0.05|0.015| - |0.008
Cast-4: ND-TV ) 58 10,28 [ 1.19 | 0.01 | 0.01 | 0,010 |3.0| 0.3 | 0.04 | 0.020 | 0.02 | 0.008
with Ni and Cr
Cast-5:C-Mn | 0.10 |0.30|1.60 | 0.01| 0.01 |0.050]| - | - | - i - lo.010
Cast-6: LVLN_Al | 0.16 | 0.55 | 1.58 | 0.01 | 0.01 | 0.200 0.06 | 0.008
Cast-7: HVHN_Al | 0.17 | 0.60 | 1.60 | 0.01 | 0.01 | 0.180 0.12 | 0.013

Cast-8: 0.14 | 0.29 | 1.02 | 0.01 | 0.01 | 0.03 0.04 | 0.007

LVLN

Cast-9:

15|0.24|1.17 | 0.01| 0.01 | 0.002 .04 |0.017
o 0.15|0.24 | 1.17 | 0.01 | 0.01 | 0.00 0.04 | 0.0
Cast-10: 0.15|0.20|1.22 | 0.02 | 0.01 | 0.001 0.08 | 0.019

HVHN




@

Microstructures of the as-cast slab




EHT = 20.00 kV Signal A = CZ BSD Date :15 Jun 2009
WD = 85 mm Mag= 1.92KX Time :10:40:08




Inhomogeneous distribution of microalloy precipitates @

As-cast slab %
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EHT = 20.00 kV Signal A = CZ BSD Date :15 Jun 2009
F——- WD = 8.5 mm Mag = 3.46 KX Time :10:29:09




Precipitates in as-cast Nb-Ti microalloyed steel
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Large scale segregation of Nb as Nb(C,N) eutectic

Univ.B'ham COMPO 20.0kV X2 500 10m WD 8.9mm




Partitioning of Nb: Laser Ablation Inductively Coupled Plasma Mas
Spectrometry (LA-ICP-MS) — A. J. Koch, Univ. of Leeds, UK

- a -

-~ P~ . » -
e VIS =l GRS
» - , -

i
, ey

(b) Laaitee.

.-

Niobium Map

8.75 mm

4&‘..

* -

2mm

0.085 wt% Nb -

0.05 wt% Nb

> 0.020 wt% Nb

® 0.24-0.255
W 0.225-0.24
0.21-0.225
m 0.195-0.21
m0.18-0.195
10.165-0.18
0.15-0.165
0.135-0.15
®0.12-0.135
#0.105-0.12
» 0.09-0.105
0.075-0.09
® 0.06-0.075
0.045-0.06
0.03-0.045
» 0.015-0.03
®0-0.015

Wt%

Uses an Inductively coupled plasma to ionize the sample. It atomizes the sample and creates
atomic and small polyatomic ions, which are then detected. It is known and used for its ability to
detect metals and several non-metals in liquid samples at very low concentrations.



Proneness to segregation of different elements
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Prediction of segregation and homogenization of Nb
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Study of precipitates at fine and coarse grain boundaries @
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Local scale difference in precipitate stability
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Precipitates pinning the austenite grain boundaries @
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(a) Precipitates in as-cast slab
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(b) Precipitates during reheating
and soaking
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Austenite grain structures in reheated sample of V steel
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Effect of compositional variation on Tyg
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Completely and partially recrystallized austenite grain structure
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A G.Z. Wang and J.H. Chen: Int. J. Fract., 1998, vol. 89, pp. @

269-84. G.Z. Wang, Y.G. Liu, and J.H. Chen: Mater. Sci.
Eng., A, 2004, vol. 369, pp. 181-91.

Plastic zone

Active zone for cleavage crack initiation

Sufficiently high local stress and strain requirement at notch-tip



Finding the origin of ‘transgranular’ cleavage fracture




Stages of ‘Transgranular Cleavage Fracture’ in brittle particle containing system

Cracked
grain-
boundary
carbide

A. Echeverri’a, J.M. Rodriguez-lbabe, MSE A 346, (2003), p.149.
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e Nb is strongly prone to segregation, its homogenization takes ~ 30 h soaking at 1200°C. The
partition ratio of Nb reduces from 4.0 (in the as-cast slab) to 1.04 after 30 h soaking at 1200°C.

e For V the partition ratio decreases from 1.22 in the as-cast slab to 1.1 after just 3 h of soaking
and complete homogenization is expected after 12 h soaking at 1200°C.

e ForTi, the partition ratio decreases from 3.0 in as-cast slab to 1.15 after 30 h soaking at 1200°C.

e The partition ratio of Mn reduces from 1.54 in as-cast slab to 1.15 after 30 h soaking at 1200°C.
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