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How to quantitatively determine the PF ?
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Experiment Design

» Chemical composition:

Volume fraction of ferrite
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All Composition, mass%
oy C Si Mn Nb Fe Vickers Hardness:
ONb | 0.1 | 0.05 | 1.5 — Bal. | QN
0.1Nb | 0.08 | 0.05 | 1.5 | 0.1 | Bal. | 2-1Nb:136.8:9.1HV
» OM (Isothermal holding at 700°C):

ONb: 72.05+2.37%— Lever rule;: 0.357+0.033%

0.1Nb: 76.85+£1.77% — Lever rule: 0.332+0.024%



Experiment Design

» Chemical composition: | > Heat Treatment:
Allo Composition, mass%
Y C Sl Mn N b Fe 1250°C,5min

ONb 0.1 0.05 1.5 - Bal.
0.1Nb | 0.08 | 0.05 1.5 0.1 Bal.

» PLE/NPLE line:
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Zone axis: [001] !

Plane of interphase precipitation:
~(-110)

Inter-sheet spacing: 18~22nm

Size of NbC carbides: 5-7nm




Experimental Results: Dilatometry

» Single Cyclic Transformation at 770°C
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Experimental Results: Dilatometry
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Experimental Results: Dilatometry

» Single Cyclic Transformation at 790°C
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» Cyc

lic Transformation at 780 °C and 790°C

780°C

il

Change in diameter (um)
]
(6]

860
5 46 | T
5 840
:
E 45
O 7804
=
0 'go 700 -
(D)
Q [
= 72'0—
79018 7

80°C (

N\ 0.

—— NPLE y—a (ONb)
—— NPLE a—y (ONb)

Pinning force from IP carbid¢s

'Nb: 0.332

a—y Transforma]

itical unpinning temperature)

Retardation of

I
(o]

[ 0.1Nb,

Change in diameter (um)
w D N B B
(o] o N IS (o))

w
»

[lon

w
S

magnetic transition

760 780

Temperature (°C)

1Nb,790°C

Solute drag effect
_|_

Pinning Force

10.4

)

200

400

— : :
5 06 07 08 09 10 1.1
rarbom content (%)

Change in diameter (um)

magnetic transition

u 1
760 780 800 820
Temperature (°C)




» The chemical driving force for o—y transformation:

zx? |7 (x

» The dissipation of Gibbs energy due to solute drag effect:
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» Analysis of PF for 780°C Cyclic Phase Transformation

Gibbs energy (J/mol)
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» Analysis of PF for 790°C Cyclic Phase Transformation
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Discussion: Carbide Dissolution

» ThermoCalc calculation for volume fraction of NbC vs Temperature
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Conclusion

v The cyclic phase transformation experiments have been proposed to study the
Interaction between the moving o/y interfaces and IP carbides.

v According to the dilatometric experiments, 780°C is defined as the critical
unpinning temperature for Fe-0.1C-1.5Mn-0.1Nb steels.

v The value of pinning force quantitatively determined by the GEB model is
approximately 20J/mol, which can generate significant effects on
transformation kinetics when the driving force is relatively small. The GEB
model including PF can well predict the kinetics of a—y phase transformation
at higher temperature.

v' It can be speculated that almost no carbide is dissolved during cyclic phase
transformation based on the thermodynamic analysis.
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