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Continuous Annealing Line and Combustion Heat
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Current Use of
Gas Fired Furnaces

Direct Fired Furnace + Radiant Tube Furnace
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ELTA Simulation: Energy Efficiency

Martensite-Starting Microstructure
Entire Longitudinal Flux (LFX)

Martensite-Starting Microstructure
g Longitudinal to Transverse Flux (TFX)

Note - should increase insulation thickness

Scenario 1 Scenario 2
LFX LFX LFX LFX LFX LFX LFX TEX TFX TEX
Stagel Stage2 Stage3 Stage3 Stage3  Staged
4
T 50 650 726 725 725 80| (= Stage ;0 Stage652)0 Stag‘;gs Stagzoo
T 650 725 800 800 800 880 ;
time 1.5 1.5 1.5 1.5 1,5 15 |Tf 650 725 800 880
Power Total tHime 15 15 15 15
(MW) 6.3 1.19 2746 7.9 3.5 3.99 Power Total (MW) 6.3 1.19 2.23 1.65
Power Strip [ Power Strip (MW) 6.04 1.16 2.18 1.62
(MW) 6.04 1.16 2.18 2.28 2.1 1.62 Coil Loss 0.26 0.03 0.05 0.03
Coil Loss 0.26 003 2528 562 14 ____2.37] || Electrical Eff. 95.9% 97.5% 97.8%  98.2%
Electrical Eff. 95.9% 97.5% I 7.9% 28.9% 60.0% 40.6% Thermal Eff 990% 860% 8439"0 867%
oo Ao | 0 100 600 odl s | A 1600 2360 3000 2500
urren

Frequency 60000 60000 60000 150000 400000 400000 Fraquericy 50000 1000 1000 1060

Note - should increase insulation thickness

— Efficiency loss near/above Curie temperature

— TFX can maintain high electrical efficiencies for

thin strip heating.
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As-Received Microstructures

- Cold-rolled conditions consist of deformed
pearlite/martensite and fine cementite.

— Two alloy compositions: Fe-0.3C-(3-5)Mn-1.6Si-1.0Cr




Conventional Q&P versus
Q&P Involving Induction Heating

Temp erature
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Critical temperatures Ac; and M. were determined through

dilatometry experiments with varied heating rates.
Critical temperatures shown are for the 3Mn alloy.



Prediction of Phase Fractions after Q&P
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Retained Austenite Fraction

Ret. Austenite Fraction, Sat. %
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Higher Mn content and rapid heating result in
increased retained austenite fractions. 7



Tensile Properties: Rapid vs. Conventional
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 Both conditions show tensile strength
> 2 GPa with total elongation > 15%.
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Rapid Heating Effects on Q&P Microstructure
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* Microstructural and chemical heterogeneities originated from
the prior pearlitic structure exist due to short soaking times.



Parent Austenite Grain Reconstruction (EBSD)
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EBSD IPF maps of Q&P microstructure and reconstructed parent austenite grain
orientation maps display refined microstructure from rapid heating.
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Retained Austenite Morphology (EBSD)
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 Higher Mn content leads to increased retained austenite fractions.
* Rapid Q&P produces finer retained austenite grains.
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Crystallographic Orientation Mapping Using
Precession TEM (ASTAR Technique)
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Conclusions

* Induction heating represents a viable alternative to
conventional gas-fired furnaces in AHSS continuous

annealing.

* Q&P involving rapid induction heating stabilizes higher
fractions of retained austenite compared to conventionally
continuous-annealed microstructures.

* Rapid, higher-temperature partitioning stages can stabilize
retained austenite fractions comparable to conventional
partitioning treatments.

« Rapid heating produces refined, heterogeneous
microstructures with finer retained austenite grains.
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