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Phase-field Modeling of Biomorphic Solidification
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Introduction Phase-field model

The nanocrystalline, inorganic composites known as "biomorphs" form micron-scale structures such as helices,

Order parameters
sheets, funnels, coral-like, and arboresque patterns made of alkaline earth metal (Ca, Sr, or Ba) carbonates

assembled into high-aspect-ratio nanorod structures covered by silica, when precipitating from solution on solid phase-fleld.: ¢ E [0,1] (¢ = 0:liquid, ¢ = 1: solid)
substrate!?2. While reaction-diffusion models recovered essential features of such 2D and 3D aggregation processes?3, co.ncentratlo-n edaasy ity , _
we explore here whether the orientation field-based phase-field models* developed for polycrystalline solidification SUIRMEHEN 2126 & = G Gy Q) oyl LINE GUEETIRN, ZiE;=
could describe various aspects of the formation of biomorphic structures. This model relates solidification Free energy functional
morphology to thermodynamics, interfacial properties and chemical diffusion. EiT
F= | d&r{ 22— |Vg|? T 1 —
Experimental motivation Our PF simulations : T{ 2 Vol" + WTg(9) +| P(9)lfs () +P(9)f1(¢)
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FHT(-p0) Y (Va?| )
Equations of motion
b =—My%s + & = My {V (aaqus gg{b)} + &
e=VMV (% - ¢) =V {mDc(1-V L -V — ¢}

i = ~My g +6 = Mo {V (v — 5, ) y 6

Statistics of structures (simulations)
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Catalogue of structures (simulations)
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