









	
 Home

	 Add Document
	 Sign In
	 Create An Account














[image: PDFKUL.COM]






































	
 Viewer

	
 Transcript













Multiple reactions solidification of undercooled melt Experiments vs. Simulation applied to Al-Ni alloys D. Tourret 1*, T. Volkmann 1, D. Herlach 1, Ch.-A. Gandin 2 1



Institute for Materials Physics in Space, German Aerospace Center, Cologne, Germany Institut für Materialphysik im Weltraum, Deutsches Zentrum für Luft- und Raumfahrt (DLR)



2



Center for Material Forming, Mines ParisTech-CNRS, Sophia-Antipolis, France Centre de Mise en Forme des Matériaux (CEMEF)



*



[email protected]



Objectives ••



Study of non-equilibrium solidification of metallic alloys experiencing multiple phase transformations (Dendritic, Peritectic, Eutectic)



••



Measurement of cooling curves and sample analysis of undercooled levitated Al-Ni droplets



••



Direct comparison of cooling curve and fraction of phases with microsegregation model predictions



••



Illustration with application to a Al75Ni25 droplet (graphs and images extracted from analysis of a unique sample)



Experiment Experimental setup



I



Temperature measurements



II



III



Sample analysis



••



ElectroMagnetic Levitation (EML) [1]



••



••



Analysis of the sample resulting from known cooling conditions



••



Containerless processing of undercooled Al-Ni droplets under high purity He environment



Measurement of several cycles of heating and cooling regardless of change in emissivity of the different phases



••



Scanning Electron Microscope (SEM) back-scattered imaging



••



Multiple calibration of the heating curves at the theoretical equilibrium temperatures (Liquidus, Peritectic, Eutectic)



••



Assembly of the individual images in a high definition image of the whole sample (9600*8052 pixels in given illustration)



••



Reconstruction of piecewise temperature evolution for the whole multiple-reactions cooling curve



••



Image processing & Multiple threshold to discern phases



••



Forced convection cooling through He gas jets



••



In situ temperature measurements by infrared pyrometer



••



Possible simultaneous use of several pyrometers at different locations and high-speed camera device



ElectroMagnetic Levitator



ª Estimation of the droplet cooling conditions and nucleation undercooling for every solid phase



EML schematics



Calibration of the heating curve



ª Estimated volume fraction of phases and microstructure length scale (Dendrite Arm Spacing) [2]



Reconstructed cooling curve



SEM back-scattered image



Image after thresholding



Simulation Modeling



IV ••



Semi-analytical multi-transformation microsegregation model



••



Volume-averaged conservation equations for mass and energy o Uniform temperature o Finite diffusion For every phase o Growth kinetics e.g. Liquid, Al3Ni2, Al3Ni, Al o Nucleation undercooling



[3]



ª Predicted cooling curve and evolution of fraction and average composition of every phase



V



Cooling curve



••



Convective heat transfer boundary conditions and nucleation undercoolings estimated from measured cooling curves



••



Simulation of the whole solidification process involving several phase transformations with finite diffusion fluxes



••



Microstructure length scale input from observed DAS



••



Alloy parameters from thermodynamic equilibrium calculations



••



Piecewise linear approximation of the phase diagram (with introduction of a 0.05 wt.% Al solubility range in Al3Ni [3])



••



Missing values for diffusion coefficient in every solid phase: Simulations run with realistic orders of magnitudes



ª Direct comparison: Measured vs. Simulated cooling curve



VI



Phase transformations



ª Direct comparison with measured phase fractions and with thermodynamic equilibrium basic models ª Influence of secondary phases nucleation undercooling Phase fraction Primary Peritectic Eutectic in Al75Ni25 Al3Ni Al3Ni + Al Al3Ni2 droplet Lever Rule Gulliver Scheil
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Measurements vs. Simulation Microsegregation model [3]



Ni-Al Phase Diagram



Cooling curve for Al75Ni25 alloy: Measurements vs. Simulation



Conclusions •• ••



•• ••
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Phase fractions measured compared with predictions of basic equilibrium models & present model



Prospective



Key influence of nucleation undercooling of every solid phase (including peritectic & eutectic) on solidification path is confirmed [2] Multiple transformation microsegregation model with finite diffusion gives good quantitative agreement with measurements of cooling curves and phase transformations for Al-Ni alloy Uniform temperature model may be used as stand-alone simulation of levitated droplet in case of spontaneous nucleation of solid [4] Limit: Model written in terms of composition unable to account for diffusion in stoechiometric phases (no composition gradient in Al3Ni)



[1]



Evolution of phases fractions



•• •• •• •• •• •• ••



Application to a broader range of compositions and peritectic alloys Investigations on metastable phases [5] Improvement of the model (density variations, description of eutectic, ……) Compositions measurements to be compared with predictions Coupling of microsegregation model with macroscopic simulations [4] High speed camera imaging to investigate dendritic growth velocities and possibly nucleation of secondary phases (time, location) Correction: Reformulation of equations in terms of chemical potential (instead of composition) to alloy diffusion in stoechiometric phases
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