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particles with a diameter of 10nm. The PMMA-MNP material was inserted
in a beef vertebra. So to have clinical validity we appraised the thermal rise
in the center of the PMMA (T)) and in the spine (T,) using Fiber Bragg
Grating optical temperature sensors. The temperature in the spine needs to
be safeguarded to have no damage of the spine [4]. We placed the verte-
brac with PMMA-MNP at approximately 10cm from the coil, being a
realistic distance for clinical applications. Figure (a) shows the setup and
(b) the placement of the temperature sensors in the vertebra. Results in
Figure (c) show a temperature rise of 7°C in PMMA-MNP (T)) when having
the PMMA-MNP 10cm above the coil whereas the temperature in the spine
(T,) remains limited. Figure (d) illustrates the robustness of the method by
showing the temperature rise for various lateral displacements (with distance
r from center). These experimental results validate the technical feasibility of
having PMMA-MNP material as basic component in percutaneous vertebro-
plasty enabling hyperthermia treatment of metastatic bone tumors.
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Self-controlled hyperthermia is a new, non-invasive technique to employ
heat treatment to cure cancer cells without overheating the normal cells.
We have explored bulk magnetic as thermoseeds by substituting Si and
Al for Ni. The samples were prepared by arc-melting, and subsequently
annealed at 950°C for 12 hours in sealed quartz tubes. The structural,
magnetic, and magnetocaloric properties of the samples were investigated,
including saturation magnetization, Curie temperature, and hysteresis, using
room temperature X-ray diffraction and a superconducting quantum inter-
ference device (SQUID) magnetometer. We have synthesized Ni-Al and
Ni-Si alloys that have Curie temperatures in the desired range (310-320
K). Magnetocaloric parameters (magnetic entropy changes (ASy), refrigera-
tion capacity (RC), and hysteretic effects) have been calculated. It has been
shown that recrystallization, i.e., annealing time and temperature, is crucial
for controlling heating characteristics of the seeds. Thus, by controlling the
doping concentration, extraordinary self-regulating heating effects have
been observed in these types of magnetic materials, which may open doors to
a new strategy for self-controlled hyperthermia cancer treatment. Acknowl-
edgement: This work was supported by the Office of Basic Energy Sciences,
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Frequency dependence of heat generation in granular magnetite nanoparti-
cles was studied using VSM(Vibration Sample Magnetometer) and nanoTh-
erics Magnetherm® system. First, the polydispersity of the magnetite sample
was investigated by fitting the M-H curve to the classical Langevin func-
tion L(R,H) weight-averaged with a particle size distribution function f'(R):
M(H=Ms [L(R,H) f (R) dR, where f(R) is a modified log-normal distribu-
tion function [1]. Optimum fit was obtained for 0=0.3, R;=12.3, and 6=0.9
(Fig. 1). Taking the polydispersity of the sample into account, the heat gener-
ation of the sample was examined by measuring temperature variation as a
function of elapsed time under ac magnetic field with amplitude H|, of 250
Oe and frequencies f of 50kHz, 112kHz, and 523kHz, respectively. Since
the temperature uncertainty due to heat leakage is accumulative with the
passage of time, we extracted only the initial rate of temperature increase in
terms of frequencies, which were 0.53, 0.63, 1.68 K/s for 50, 112, 523 kHz,
respectively (Fig. 2(a)). Volumetric power dissipation is usually expressed
as [2]: Pryy (R) =mugxoHo*f wt/(1+m>t?), where ¥, is the chord susceptibility
of the Langevin function x,=3x;(coth&-1/E)/E; E=u M H,V/kT. Here n, is
the permeability of free space 4nx10-7(Tm/A); T is the Néel relaxation time
given as T =1, exp(KV/kT), so Py, (R) depends on temperature, frequency,
and the particle size of the sample. The initial susceptibility x; was 4.66
obtained from the M-H curve. Numerically integrating the Py, (R) over the
distribution function f{R) found above, we can get the averaged volumetric
heating rate <P>,as a function of frequency f'where T was 300 K at initial
stage: <P>, =J.PT’[ (R)AAR) dR. Temperature increase AT in a well-insulated
sample is related the volumetric heating rate <P>,as: AT=<P>,/cpAt, where
c and p are specific heat and density of magnetite. Experimental temperature
increasing rate AT/At and the calculated volumetric heating rate <P>; are
shown together in Fig.2(b). Good control for the polydispersity is crucial for
achieving optimal results in hyperthermia.
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M-H curve and size distribution of the sample.
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