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Abstract: Microsegregation of solute components during the solidification process causes solute pile-up in the liquid
phase, which strongly affects the formation behavior of inclusions. However, there is no quantitative eval-
uation of solute concentration distribution during dendritic growth. In this study, we established an in-situ
observation method for quantitative evaluation of solute concentration distribution using model materials
with fluorescent reagents to clarify how the solute pile-up progresses due to microsegregation. In addition
to evaluating the physical properties of the model materials necessary for this study, a quantitative evalu-
ation of solute concentration distribution during dendritic growth was successfully achieved. Numerical
analysis, taking into account the equilibrium partition of solute components and solute diffusion in each
phase, reproduced the measured solute concentration distribution in the liquid phase. Thus, the solute
concentration distribution was evaluated by the actual measurement and numerical analysis, and it was
clarified that a relatively simple model can represent the progress of microsegregation.

Keywords: in-situ observation; microsegregation; solutal field; succinonitrile; dendrite growth; fluorescence imaging.
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Microsegregation maps of (left) measurement and (right) numerical analysis.
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Quantitative Understanding of Solute Concentration Distribution by Microsegregation during Solidification
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Fig. 1. (a) Structure of Lumogen F Yellow 083 and (b)—(d) fluorescence spectrum of succinonitrile-water—lumogen yellow (LY solu-

tion. (a) Temperature, (b) water concentration, and (c) fluorescent reagent concentration dependences. (Online version in color.)
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Fig. 2. (a) Schematic of fluorescence imaging using a fluorescence microscope and (b) relation between fluorescence intensity and
lumogen yellow concentration. (Online version in color.)
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Fig. 3. (a) Concentration imaging during solidification with a smooth interface and (b) concentration profiles at white line in (a). The
red curve in (b) indicates the fitting result using Tiller's equation. (Online version in color.)
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terline of interdendritic region in Fig. 6 (Lines 1-3) and
calculated result. (Online version in color.)
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Table 1. Physical properties of succinonitrile—water—lumogen yellow system.

Diffusion coefficient of

Partition coefficient,

Liquidus slope”,

Element liquid phase™, D, / m’s™ k, m;/ K mass% '
Water 13x107"72" 0.09 ' 61"
Lumogen yellow 2.68 x 107" (This study) 0.428 (This study) ~0 (This study)

*1 Diffusion coefficients of solid phase was assumed to be 1/100 of those of liquid phase.

16) -

*2 Diffusion coefficient of acetone in molten succinonitrile ™ is utilized because no data have been measured

and the value has been confirmed to be applicable to the present system .

10)

*3 Liquidus temperature T} was calculated using the following Kawawa’s equation'”;

T, =T, +y mC,

where 7, and C, are melting point of succinonitrile (331.24 K) and concentration of 7 in liquid phase.
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Fig. 9. Colormaps of (a) measured lumogen yellow concentra-
tion around dendrite tips and (b)(c) calculated results of
solute concentration by numerical analysis. (b) Lumogen
yellow concentration and (c) H,O concentration. (Online
version in color.)
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Fig. 10. Colormap of undersaturation of lumogen yellow. (On-
line version in color.)
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Supporting Information

Movie S1 shows the colormap of lumogen yellow concen-
tration during dendrite solidification. Size of the image is 1 mm
X 1 mm and the video speed is 1 X.

This material is available on the Website at https://doi.org/
10.2355/tetsutohagane. TETSU-2024-098.
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Nomenclature

D, : Diffusion coefficient in liquid phase (m* s~ ")

ky,  : Equilibrium partition coefficient (—)

C, :Initial lumogen yellow concentration (umol L")

G : Temperature gradient (K m ™~ ")

: Solidification velocity (um s~ ')

My, : Liquidus slope by adding H,O into succinonitrile (K
mass% ")

myy :Liquidus slope by adding lumogen yellow into
succinonitrile (K (umol L™ ") ™"

Cy,0 : H,O concentration in liquid phase (mass%)

C.y : Lumogen yellow concentration in liquid phase (umol L™ ")

V. : Critical solidification velocity to keep planner interface
(pms ™)

C%% : Solubility of lumogen yellow in liquid phase (umol L™ ")

A, : Primary dendrite arm space (um)

k  : Constant value to draw outline of dendrite ()

o :Degree of undersaturation of lumogen yellow (-)

T, :Liquidus temperature (K)
: Melting point (K)
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