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INTRODUCTION

EXPERIMENTAL SETUP RESULTS: MAGNETIC FIELD LITHIUM SULFATE
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The observed patterns reflect the competition between
magnetic forcing, viscous resistance, molecular
diffusion, and gravity-driven convection, providing
direct insight into the underlying transport physics.
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Figure 3: Magnetic flux density distribution profile at an applied magnetic field is 0.7 e
T.
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Cx 100 (mM) Cx 100 (mM) Figure 7: Schlieren-derived concentration evolution of 100 mM Lithium under (a) O T
e _——— and (b) 0.7 T with time. The plots show estimated concentration changes in the top
b oo region, bottom region, and overall mean within the cuvette.

CONCLUSIONS

. An in-house Schlieren imaging system was successfully designed
and assembled to investigate the behavior of metal ions under a
uniform magnetic field.

[l. Direct visualization of dissolved ions is not possible using
conventional optical imaging; however, Schlieren imaging enabled
indirect observation of ion transport through refractive index
gradients.

lll. The applied magnetic field significantly influenced ion motion and
spatial redistribution within the cuvette.

Figure 4: Schlieren-derived concentration maps of manganese solution (100 mM) V. Paramagnetic ions exhibited migration toward regions influenced by
showing the evolution of concentration distribution under different magnetic field

ce the magnetic field, with pronounced accumulation observed near the
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V. Diamagnetic ions moved away from the magnetic field region due to
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To experimentally visualize and [e————
characterize magnetically
iInduced transport and flow
structures of metal ions in liquid
media under a uniform magnetic
field using Schlieren imaging,
and to elucidate the role of
magnetic body forces in driving
lon redistribution.

Figure 2: Schematic of the Schlieren imaging principle and optical layout. Light from
an LED source is collimated and directed through the test section (cuvette).
Refractive-index gradients deflect light rays by an angle a, and a pin-hole (cutoff)
placed at the focal plane converts these deflections into intensity variations captured
by the camera.

Magnetic Field-Induced Motion of Metal lons

MATERIALS AND METHODS

Fluid momentum + continuity magnetic repulsion and redistributed toward the upper and lower
(a) (b) regions of the cuvette.
Material Properties V-u—=2>0 VI. The study demonstrates that Schlieren imaging is an effective, non-
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» A Schlieren optical system comprising an LED source, slit,

. . . . . | 2]. Tak H, Kamikih D, Ono D, Nakao S, Y. to H, Mi toY (2016) Three-
mirrors, pinhole filter, and a scientific camera was used to oL V(B?) 51| 0- — op regon 20%) [2]. Takano H, Kamikihara D, Ono D, Nakao S, Yamamoto H, MiyazatoY (2016) Three
. . . . . . T . m 9 LJ — Betiom mcken G0%) dimensional rainbow schlieren measurements in under expanded sonic jets from
visualize refractive-index gradients in a liquid-filled glass HO S , — axisymmetric convergent nozzles. J Therm Sci 25(1):78-83.
Cuvette placed between magnet poleS. Inn Transpnrt: Time i5) Time (s) [3]. Sl|ngh 2, Panlgrahllp,dMuralldhr?ll’ K (209t7)fEffeCt tOf bl:OﬁanEy O:l tf;e4\é\l(?l|)(e180;)f
circular and square cylinders: a schlieren-interferometric study. Exp Flui :101-
» Time-resolved Schlieren images were acquired during aC Ve — DVC Figure 5: Schlieren-derived concentration evolution of 100 mM manganese under (a) 128.
. . . . . . . . _|._ 11 - — = P . . . . . . . . . _ . .
magnetlc field appllcatlon. Post-processmg and visualization ot oT anc! (b) 0.7 T with ’Flme. The plots show es’gmated concentration chan.ges: in ’Fhe {4]. Watt D, Vest CM (1990) Turbulent flOV\{ visualization by interfero-metric integral
. . top region, bottom region, and overall mean within the cuvette. At O T, redistribution imaging and computed tomography. Exp Fluid 8(6):301-311.
were performed using custom MATLAB scripts. Intensity_Gradient Relati is governed mainly by natural convection and diffusion, whereas at 0.7 T, enhanced CKNO e
_ o . o niensity—taradient neiation gradients and faster redistribution indicate magnetically induced transport. ACKNOWLEDGEMENT
> Also, we simulate the magnetic field using finite element- | gratefully acknowledge the UROP program for providing the opportunity to mentor an
based numerical simulation technique was applied using Al fL (dn\ 0C undergraduate researcher and material grant that supported this study. We also thank
COMSOL I\/Iutlitphysics 61 I ap \dC ) Oy the National High Magnetic Field Laboratory (MaglLab) for access to the facilities and

resources that supported this work.




	Slide 1

