2017.6.26 16" ALEMI Meeting @ Tsinghua University, China

Dominating Factors on Dispersion of MC
Interphase Precipitation in Low Carbon Steels

Y.-J. Zhang, G. Miyamoto, T. Furuhara

Institute for Materials Research, Tohoku University, Japan

Research
e




Interphase precipitation 2
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Larger precipitation strengthening
can be obtained by refining MC
until nano size.



Various factors on dispersion of interphase precipitation
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Variations in dispersion of interphase precipitation



Objective of the present study

The effects of transformation temperature and alloying elements on the
dispersion of interphase precipitation and resultant strengthening in low

carbon steels were quantitatively studied mainly by using three-
dimensional atom probe.

Based on this, the dominating factors on the dispersion of interphase
precipitation will be further discussed.



Experimental procedures 5

Alloys (mass%)

Base: Fe-0.1C-1.5Mn-0.05Si (M-free)

V-added: Fe-0.1C-1.5Mn-0.05Si-0.1V / 0.2V / 0.4V
Fe-0.2C-1.5Mn-0.05Si-0.4V (High C)
Fe-0.1C-0.7Mn-0.05Si-0.4V (Low Mn)
Fe-0.1C-1.5Mn-0.4Si-0.4V (High Si)
Fe-0.1C-1.5Mn-0.05Si-0.4V-150ppmN (High N)

Nb-added: Fe-0.1C-1.5Mn-0.05Si-0.05Nb / 0.1Nb

Ti-added:  Fe-0.1C-1.5Mn-0.05Si-0.05Ti / 0.1Ti / 0.2Ti

Heat treatment . Microstructural characterization
Austenitization A Optical microscopy (OM)
......................... Solution temperature A Scanning electron microscopy (SEM) /
of MCin y Electron backscatter diffraction (EBSD)
.............................. A., A Three-dimensional atom orobe (3DAP)
605~172.8KS o\

: . Property measurement
848K A Vickers hardness measurement
(9.8N / 0.25N)
R.T. v v wvwa A Nanoindentation measurement (500m\)




Effects of temperature on microstructure and hardness
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By lowering transformation
temperature, the morphology
of a changes from GBF into
WEF/BF, corresponding to the
reduction in hardness.
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BF: bainite a; IGF: intragranular a; M(g): martensite



VC precipitation in a with different a / ogientation relationship

923K, 60s
a orientation map Three-dimensional V atom map

: Near K-S (D " 5deg.);
:Non K-S (D g 5deg.) WF (D * O'Sdeg.)

,,,,,,,

PAGB: prior ggrain boundary; M(g): martensite;
GBF: grain boundary a; WF: Widmanstatten a;

D gdeviation angle from the exact Kurdjumov-
Sachs orientation relationship (K-S OR)

a transformation is proceeded by the migration of both near K-S and
non K-S a / igterface.

. Almost no VC precipitate exists in WF with near K-S OR, while VC
Interphase precipitation is observed in GBF with non K-S OR.



Effects of a / @R on dispersion of VC interphase precipitation 8

f?E Dc? ] L O 1

£, 24 " )

0_10 : 8 9 ° i

_é: 2 T 51 o © -

c ' ) g gl Qu @

3 S g 0 T 0 '

2107 l c 48 g o 8 .

o 2 998 O |

0 - @

g I 2, -

0 . ] 1 . /I o . 1 . 1 .

S 10 20 30 & 0 10 20 30
Deviation angle from the = Deviation angle from the
exact K-S OR, A0 /deg. exact K-S OR, A0/ deg.

Y.-J. Zhang et al., Scr. Mater. 69 (2013) 17.

As a / @R deviates from exact K-S, number density of VC increases
significantly at first and remains almost constant later, while the size of
VC is only slightly increased.

Higher number density of VC in a grains with non K-S OR results in
higher nanohardness compared with those with near K-S OR.



Segregation of V at non K-S a / igferface
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In addition to C, V is also severely segregated at non K-S a / imferface.



Effects of temperature on dispersion of VC and nanohardness 10
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Y.-J. Zhang et al., Acta Mater. 84 (2015) 375.

The dispersion of VC tends to be finer, i.e. higher in number density and
smaller in size by lowering the transformation temperature.

Finer dispersion increases nanohardness with similar volume fraction.



Effects of V content on dispersion of VC
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Number density of VC increases with higher V content, while variations

In size of VC is relatively small.



Effects of C content on dispersion of VC
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Although growth rate of a becomes significantly lower by increasing C
content, dispersion of VC is almost unchanged.



Alloying effects on microstructure and interphase precipitation 13

0. lC O 4V—based 993K 605

Non K-S
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. WF formation is promoted by lower Mn content, but almost unchanged
with higher Si or higher N content.

. Dispersion of interphase precipitation is not largely changed by lower
Mn, higher Si and N contents, although a growth rate is quite different.



Alloying effects on interphase precipitation and nanohardness 14
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contents only slightly refine the

Finer dispersion of interphase precipitation gives higher nanohardness.



Estimation of interfacial concentration
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Y.-J. Zhang et al., Acta Mater. 128 (2017) 166.

Compared with PE model, NPLE model gives better prediction of a / ¢
phase equilibria in V-added low carbon steels.



Composition of VC and driving force for its precipitation
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(Segregation is neglected for simplicity)
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Compared with a growth rate, dispersion of interphase precipitation
shows better correlations with driving force for its precipitation.
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Aging time and interfacial diffusion at migrating a / imferface
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Comparison of dispersion of MC and hardness
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With similar amount of addition, the dispersion of NbC and TiC is much
finer than VC, resulting in higher hardness.



Summary on dispersion of MC and hardness
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Higher number density of NbC and TiC is also obtained by more
addition, whose dispersion is much finer than VC.

Although dispersion of NbC is slightly finer than TiC, their strengthening
ability is similar but much stronger than VC.



Effects of driving force on dispersion of MC

Consistently with VC, dispersion of NbC and TiC becomes finer by
enlarging the driving force for precipitation.

Larger driving force for precipitation is necessary to obtain similar
number density of NbC and TiC as VC.



