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INTRODUCTION We present an experimental study of the Specific Loss Power (SLP) of three maghemite-based ferrofluid samples with different core diameter,
as a function of frequency and intensity of the applied alternating magnetic field H. The results allowed us to highlight the size-dependence of the physical mechanism
responsible for the heating and to establish the phenomenological functional relationship SLP = ¢c-H* with 2 < x < 3, the x-value depending on sample size and field
frequency, here chosen in the typical range of operating magnetic hyperthermia devices.

SAMPLES

We studied three novel maghemite (y-Fe,0,)

nanoparticles samples with different magnetic core

diameters coated with PolyAcrylic Acid (PAA), in water.

The compositional, structural and magnetic properties of

the samples were investigated with

« TEM

« XRD

- AFM

« SQUID (ZFC-FC at 5 mT, M(H) at -5 + 5 T and
T = 2.5 K/300 K)

Sample drem o JN2Y M, at 2.5K H, M, at 300K
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Sample B

d=14.6 nm
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EXPERIMENTAL MEASUREMENTS || &| (< (0 | MODELS FOR SLP
Magnetic heating experiments were | § £ o R;V;Z'eglh From the Linear Response Theory (LRT), when the
performed on 1 mL of stable aqueous || © 2B magneto-thermal quantity ¢<1, where ¢ = y,M,VH, ., /kgT and
solutions at room temperature by a S o SLP o« H* H,.., IS the maximum applied field [3]:
Magnetherm (nanoTherics™)  set-up, k—/ O A | 77"(£)fH?
varying the frequency f (100 kHz + 1 ?E-PB SLP = £ e
MHz) and the amplitude py,H (3 + 17 'nriiifiift S £ P
kKA/m). The temperature was measured £ o L x” Is the out-of-phase component of the magnetic
using an optical fiber thermometer — o | ~ |stoner-wohifarth| ~ susceptibility: 1 M2/ 27 fr
(Optocon™) and the temperature vs. time Model 7"(F)=—"—2 .
curve, T(t), was acquired (5+15 minutes). = (o x> 2itoMc) 3KsT [1+ (27 T 7y ) ]
§ 2 2nfT e = 1 ; - 1 - and 71 IS the effective relaxation time 1/r= 1/1 + 1/1g
@ % B Linear Response being 1y and 1z the Neel and Brown relaxation times.
5 E & .b% Theory
350 (£ <1) From the Rayleigh model, when é>1:  SLP oc H3
3 SLP o« H?
Domain Spin Magnetic o Stonel_r-WohIf_arth model is valid if the condition gyH, ., >
state configuration phase Z/JOHC IS satisfied.
RESULTS
The SLP of sample C is the highest at all /= 110kHz = A
measured frequencies and amplitudes, while 140—: : {B:
samples A and B show lower SLP values with 130 -
slight differences. 1207
nm— In order to evaluate the best theoretical model to 110
S———" | | describe the data we calculated for each sample 1007
the maximum value of the field H that satisfies the = iz
To estimate the temperature increment || condition ¢ < 1 for the applicability of the LRT S 0o
rate AT/At, we used the initial slope model (coloured zones), showing that this model =~ &0
method or the Box-Lucas model [1] fitting | | @Pplies only for sample A. These observations H 50—
the curve T() = a(l — e®). The SLP have been confirmed by fitting the SLP data to a 10 -
values were evaluated using the following | | Power law with a free exponent, SLP oc HX. 30-
equation: 20 1
X values from the fit with SLP o« H* are reported In 10 -
My0C0 M, Fe0,C o AT the table. > IENEEEEESN— |

SLP =

m Al xat 110 kHz | xat 237 kHz X at 340 kHz 4 © 8 0 12 14 16 18 20
y—Fe0; Field (kA/m)
2.0+0.1 2.03 £ 0.01 2.09 +0.09

“ 2.23+0.08 2.30 £ 0.02 2.34 +0.03 =237 kHz J=340 kHz

23+01 2.47 + 0.09 2.64 + 0.06 .

CONCLUSIONS The LRT model explains the data for small MNPs (sample A) but fails
when the nanoparticles size becomes larger than the critical diameter corresponding to the
onset of the transition from the Superparamagnetic to the Ferromagnetic regime: for samples
B and C the SLP follows the power law SLP = c-H* with 2 < x < 3, where X increases with 5
increasing frequency. These x values are intermediate between the one predicted by the LRT
(x = 2) and the Rayleigh (x = 3) models. Figh ) Field (kAfm)

Where €0 and C.rezos, Mizo @NA M .rer03
are the specific heat and the mass of the
main constituents of the solution [2].
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