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Magnetic heating properties of hollow Fe3O4 nanoparticles with magnetic
vortex structure
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Hollow-structured FesOs nanoparticles, with an increased surface area compared to solid counterparts, show
promise in cancer therapy through potential applications in magnetic hyperthermia and drug delivery via
encapsulation. This study investigates the shell thickness-dependent heating efficiency of hollow Fe3O4 nanoparticles
with a magnetic vortex structure less prone to magnetization reversal. Using the solvothermal method, we maintained
a nearly constant inner diameter (230 nm) while varying shell thickness (400 nm, 530 nm, and 720 nm in outer
diameter denoted as H400, H530, and H720) by adjusting only the outer diameter through a change in reagent ratio
and heating temperature. Under an applied AC magnetic field of 270 kHz, 429.5 Oe, the specific absorption rate (SAR)
values of H400, H530, and H720 samples (calculated based on the initial temperature rising rate observed during the
time interval of 0 to 30s) were 265.1, 130.2, and 120.9 W/g, respectively. These findings, supported by DC hysteresis
loss experiments and micromagnetic simulations of AC hysteresis loss, indicate that particles with thinner shells at
the same inner diameter exhibit enhanced heating efficiency due to a stable magnetic vortex structure and significant
hysteresis loss. This highlights the potential utility of hollow nanoparticles with thin shells as a particle shape for
magnetic hyperthermia.
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Fig. 1 (2) Magnetic vortex structure of particles associated with hollow structure!?. The color of the arrows indicates the degree

of spin direction along the magnetic field in the [100] direction, with the red and blue spins oriented parallel and antiparallel to

the magnetic field, respectively. The vortex structure of the spins is counterclockwise. (b) Shape of magnetic particles with

hollow structure.
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Fig. 2 Synthesis procedure of hollow structured FesO4 nanoparticles using solvothermal method.

Table 1 Synthesis conditions of hollow FesO4 nanoparticles.

Outer diameter (nm) 400 530 720
Heating temperature (‘C) 220 230 230
Heating time (h) 12 12 12
Reagent ratio (NHsAc : FeCls + 6H20) (mol/L) 0.6:0.06 0.75:0.1 2.25:0.1

Table 2 Size of the synthesized hollow nanoparticles.
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Fig. 3 XRD patterns for three samples H400, H530, H720,
and bulk Fe3O4.
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Fig. 4 Morphology of three samples observed by (a) SEM
and (b) TEM.
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Fig. 5 Magnetization hysteresis loops at 300K for hollow

nanoparticles with varying shell thickness.
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Fig. 6 Experimental setup for measuring heat efficiency

of magnetic particles under AC magnetic field.

Table 3 Information of drive coil.

Outer diameter (mm) 42
Inner diameter (mm) 30

Pitch (mm) 32
Number of turns 4
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Fig. 7 Temperature increase in samples containing
hollow magnetic nanoparticles with outer diameters of
400 nm, 530 nm, and 720 nm, as well as a control sample
with only water, when subjected to an applied AC
magnetic field (270 kHz, 429.5 Oe).
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Fig. 9 Simulation results of hollow magnetic
nanoparticles (H400, H530, H720) under AC magnetic
field at 500 kHz frequency and 1000 Oe magnetic field

amplitude.
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Fig. 10 Area of hysteresis loops obtained from simulation
results of hollow magnetic nanoparticles (H400, H530,
H720) when AC magnetic field is applied.
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