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Fig. 3. Room temperature Mossbauer spectra for (a) as-milled
and (b) annealed samples. The spectrum in (a) shows a broad
distribution of hyperfine fields centered at 21 T and an isomer
shift of +0.1 mms~! relative to a-Fe at room temperature.
The shoulder in the central peak in spectrum (b) shows the
existence of a number of paramagnetic Fe atoms in the
neighborhood of Cu atoms (see the text).
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Magnetic properties of equiatomic FeCu alloys, obtained by mechanical alloying, were measured in a temperature range
between 5 and 300K. The as-milled sample consists of a metastable fcc FeCu phase with a temperature dependence of
magnetization which follows a 7372 law. This phase d into Cu and Fe phases with annealing. After
annealing at 820K, the magnetization value at low temperature is 30% smaller than the unannealed state. The Mdssbauer
spectrum obtained at room temperature shows a paramagnetic Fe phase with a relative resonant area of 30%. These results
suggest that after this annealing process 30% of the iron is not in the ferromagnetic a phase but in a non-magnetic state
(with vanishing atomic magnetic moment) or probably forming an antiferromagnetic y-Fe phase (which is paramagnetic at
room temperature).

1. Introduction 950 K. By considering the difference in Curie
temperatures corresponding to the fcc FeCu
It has been shown that a metastable fcc FeCu phase, 500 K, and that of a iron, 1000 K, such

phase can be formed by mechanical alloying. Af- reported magnetic moments equality at 300 K
ter subsequent annealing a precipitation of bee suggested to us the existence of crossover in the
iron nanocrystals in the Cu rich fcc matrix has magnetization curves at lower temperatures.
been observed by X-ray diffraction techniques [1]. Therefore, in order to analyze a possible leakage
Magnetic properties of solid solutions of Fe-Cu of iron magnetic moment at intermediate states
formed by sputtering have been studied previ- of the fcc FeCu decomposition process, we have
ously [2,3]. performed a study of the magnetization behavior
The work by Yavari et al. [1] shows an equality at low temperature.

of the magnetic moment at room temperature for

both the as-milled sample and that annealed at
2. Experimental techniques

Correspondence to: Prof. A. Hernando, Instituto de Mag- .
netismo Aplicado, UCM-RENFE, P.O. Box 155, Las Rozas, Samples were prepared by ball milling as de-
28230 Madrid, Spain. scribed in ref. [1]. SQUID magnetometry,

0304-8853 /93 /$06.00 © 1993 - Elsevier Science Publishers B.V. All rights reserved
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Mossbauer spectroscopy, DSC, EDX analysis,
thermogravimetry and X-ray diffraction tech-
niques were applied to as-milled and annealed
samples at 820 K. Mecasurements were carried
out from 5 to 300 K. As far as we know this range
of temperatures has not been studied before in
granular magnetic systems by mechanical alloy-
ing.

3. Results

Samples with composition Fes, ,Cu,,, (at%),
according to EDX analysis, exhibit in the as-
milled state a nanocrystalline single fcc phase.
The variation of the magnetization with the tem-
perature follows a perfect T3/? Bloch law up to
200 K (fig. 1), with an exchange stiffness constant
0f 96.9 meVA?, This is roughly three times smaller
than that of pure Fe [4]. The hysteresis loops
obtained at 20 and 300 K are shown in fig. 2. The
average susceptibility does not change in the tem-
perature range from 20 to 300 K, indicating that
the fraction of nanocrystals exhibiting superpara-
magnetic behavior is negligible. The small hys-
teresis, with remanent value below 0.01 times the
saturation magnetization and coercive field of 40
Oe, shows a negligible structural anisotropy. The
lack of structural anisotropy might be a conse-
quence of the disordered distributions of Fe and
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Fig. 1. Temperature dependence of the magnetization for an
as-milled sample under an applied field of 5 T. The open
circles are the experimental data and the solid line is the
fitting according to a 732 law.
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Fig. 2. Hysteresis loops corresponding to the as-milled sample
at 20 and 300 K.
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Fig. 3. Room temperature Mossbauer spectra for (a) as-milled
and (b) annealed samples. The spectrum in (a) shows a broad
distribution of hyperfine fields centered at 21 T and an isomer
shift of +0.1 mms™! relative to a-Fe at room temperature.
The shoulder in the central peak in spectrum (b) shows the
existence of a number of paramagnetic Fe atoms in the
neighborhood of Cu atoms (see the text).



Cu atoms in the fcc structure. The Mdssbauer
spectrum is shown in fig. 3(a).

The as-milled sample was heated up to 820 K
by DSC and its transformation monitored. The
choice of the temperature and the heating rate
was done on the basis of the work of Yavari [1].
820 K lies above the peak of the exothermic
reaction (which corresponds to the spinodal de-
composition of the metastable solid solution) but
below the total phase separation and thus we
monitor an intermediate state of the Fe segrega-
tion. Thermogravimetry showed that oxidation
was lower than 1% (the weight increased 0.8%
during annealing). After the annealing, which
causes the partial dissociation of the metastable
fcc FeCu phase into Fe and Cu phases, the X-ray
diffraction pattern showed the appearance of bec
Fe. Other new phases were not detected.

As shown in the curves of fig. 4 the magnetiza-
tion at low temperatures is 30% smaller than the
as-milled sample for the same applied field, 5 T.
The Méossbauer spectrum, illustrated in fig. 3(b)
and obtained at room temperature, shows a per-
fect pattern of crystalline bec Fe, with a hyperfine
field of 33 T, and a non-ferromagnetic phase
which corresponds to 30 at% paramagnetic iron.
Nevertheless, no paramagnetic behavior is ob-
served in the low temperature M vs T curve.
Furthermore, the paramagnetic peak exhibited by
the Mdssbauer spectrum is compatible with the
corresponding y-Fe analysis of Macedo and
Keune. Here Fe atoms with a certain number of
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Fig. 4. Temperature dependence of the magnetization for an
annealed sample under an applied field of 5 T. The curve of
the as-milled sample is also shown.
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Fig. 5. Hysteresis loops for the annealed sample at 5, 20 and
300 K. The inset (in the same units) shows that the coercive
field at 300 K reaches a value of 300 Oe.

Cu neighboring atoms give rise to a less intense
quadrupole-splitting [5]. Since the number of Fe
atoms does not change with the annealing treat-
ment (at least not higher than 1%) and 30%
behave paramagnetically at room temperature, it
is reasonable to assume that these paramagnetic
atoms are responsible for the 30% reduction of
the saturation magnetization observed at low
temperatures. However, there is no paramagnetic
contribution at low temperature, and therefore
we propose they are non-magnetic (with zero
atomic moment) or antiferromagnetic in this low
temperature range. Both observations, as well as
the shape of the corresponding hysteresis loops
shown in fig. 5, suggest that two types of Fe
clusters have precipitated during annealing: (1)
a-Fe, bee, which is ferromagnetic and exhibits a
coercive force of about 300 Oe at 300 K (fig. 5);
and (2) either non-magnetic iron or y-Fe, fcc,
which is antiferromagnetic, with a transition tem-
perature T ranging from 0 to 70 K according to
the cluster size [6].

Since the average slope of the magnetization
curve does not depend on temperature, we as-
sume that the number of supermagnetic clusters
in the range of measuring temperatures is negligi-
ble.

The absence of other crystalline phases in X-
ray diffraction, the Mossbauer spectra and the
reported appearance of y-Fe in other Fe-Cu
alloys obtained by sputtering or other techniques
suggest the idea of a 30% y-Fe segregation, as it
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seems likely that Fe clusters with small size retain
the fcc Cu phase. (We note that the lattice pa-
rameters of Cu (a = 3.616 A) and y-Fe (a = 3.666
A) are similar and lead to coincidence of the
X-ray diffraction peaks.)

The existence of isolated, paramagnetic or
non-magnetic Fe atoms in a fcc Cu matrix can not
be ruled out but it is difficult to account for 30%
of the Fe atoms in this situation, as Fe;,Cu,, is
still a studied alloy [3] and shows no moment
reduction for the Fe atoms.

4. Conclusions

The magnetic behavior of nearly equiatomic
Fe—Cu alloy obtained by mechanical alloying has
been studied at low temperatures for the first
time. Similar magnetic measurements carried out
on annealed samples have shown that the partial
decomposition of the solid solution leads to a
decrease of the magnetization at low tempera-
tures. The lack of paramagnetic behavior in the
low temperature range as well as the presence of
a paramagnetic peak in the Mossbauer spectrum
at room temperature suggest the formation of

30% vy-Fe. However, the quenching of the atomic
magnetic moment of highly diluted iron atoms is
a possibility which cannot be completely disre-
garded.
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Abstract: Clear microstructural evidence is obtained from transmission electron
microscopy of the occurrence of a modulated structure, as occurring in spinodal
decomposition, during the decomposition of metastable mechanically alloyed
Fe50Cus0 solid solutions and liquid quenched (Fe20Cug0)99B1.

Figure 1.- TEM bright field image of Fe50Cu50 mechanically alloyed and heated
up to 723 K.

Figure 4.- TEM bright field image of melt-spun (FegoCu20)99B1.

4. Conclusions.

In conclusion, TEM observations have shown the presence of contrast
modulations in well defined crystallographic directions, with a modulating
wavelength of few nanometers, which can be ascribed to spinodal decomposition
in mechanically alloyed fcc Fe50Cus0 as well as of fcc (Fe20Cug80)99B1 liquid
solutions.

Figure 2.- TEM bright field image of Fe50Cu50 mechanically alloyed and heated -t T -
up to 623 K.



Acta mater. Vol. 46, No. 12, pp. 4161-4166. 1998
©) 1998 Acta Metallurgica Inc.
Published by Elsevier Science Ltd. All rights reserved

Printed in Great Britain
PII: S1359-6454(98)00111-6 1359-6454/98 $19.00 + 0.00

@ Pergamon

MOSSBAUER SPECTROSCOPY EVIDENCE OF A
SPINODAL MECHANISM FOR THE THERMAL
DECOMPOSITION OF F.C.C. FeCu
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In summary, low and room temperature
Méssbauer spectroscopy show that the decompo-
sition process upon thermal treatment of metastable
f.c.c. FeCu solid solution gives rise to composition

fluctuations, with different Fe environments. These
fluctuations are evidence of the spinodal-like de-
composition of the metastable FeCu solid solution.

4162

Relative Transmission

Fig. 1.

=3
3
n

=3

o

3
1

=

o

=N
1

CRESPO et al.:

SPINODAL MECHANISM

under argon atmosphere. More details concerning
the structural and magnetic characterization of the
material during the heating process can be found in
Ref. [5].

Mossbauer spectroscopy was performed using a
'Co source embedded in a Rh matrix. The spectra
were taken in a standard transmission geometry
using a conventional constant acceleration spec-
trometer with a triangular modulation of the
source. The energy calibration of the system is
obtained from the spectrum of 6 um thick a-Fe foil
and all the isomer shift values are referred to the
same material at room temperature. Some selected
samples, the ones heated up to 723 and 923 K, were
studied below room temperature between 77 and
290 K. The samples were encapsulated in a copper

velocity (mms™)

velocity (mms™)

Room temperature Mdssbauer spectra for the

as-milled and heated material.

Fig. 2. Low velocity Méssbauer spectra at room tempera-

ture for the samples heated up to 523, 623 and 723 K. The

dashed line corresponds to the inner lines of «-Fe. In

the case of the sample heated up to 523 K, due to the low

resonance absorption, these lines are not resolved in the
statistics.

4164

Relative Transmission

CRESPO ¢1 al:

SPINODAL MECHANISM

ety

Lh
;’0‘?
a
'™ /'13
"8,m
LF)
;'ﬂ',
a
004
" w}
8,M
o
20“
o
(L 277877
%
"8, m
D‘ﬂ]
gﬂl E
H % 2
om V/
0
8, M

d2 8 4 0 4
velocity (mms™')

8,(M
040
020 E
o
ﬁJ 0.00
8,m"
0.40
IEJ :
0200
a
omw
8,m"
00
om ;’
2 b
000
8, m"

Fig. 3. Variable temperature Mdsshauver spectra for the sample heated up to 723K and the correspond-

ing hyperfine distribution.



PHYSICAL REVIEW B VOLUME 54, NUMBER 10 1 SEPTEMBER 19%6-11

Near-neighbor mixing and bond dilation in mechanically alloyed Cu-Fe
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Extended x-ray-absorption fine-structure (EXAFS) measurements were used to obtain element-specific,
structural, and chemical information of the local environments around Cu and Fe atoms in high-energy ball-
milled Cu,Fe, _, samples (x=0.50 and 0.70). Analysis of the EXAFS data shows both Fe and Cu atoms reside
in face-centered-cubic sites where the first coordination sphere consists of a mixture of Fe and Cu atoms in a
ratio which reflects the as-prepared stoichiometry. The measured bond distances indicate a dilation in the bonds
between unlike neighbors which accounts for the lattice expansion measured by x-ray diffraction. These results

indicate that metastable alloys having a positive heat of mixing can be prepared via the high-energy ball-
milling process. [S0163-1829(96)10033-3]
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Ferromagnetism in fcc Twinned 2.4 nm Size Pd Nanoparticles
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saturation as is probably due to the coexistence of blocked
ferromagnetic entities with superparamagnetic particles

and paramagnetic atoms. 0,054 '?e 75
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FIG. 2. (a) Fourier filtered HRTEM image of a Pd nanoparticle (diameter =2 nm). The twin boundary is arrowed.

H (Oe) FIG. 4. Thermal dependence of magnetization under a dc

(b) Corresponding FT diffraction pattern along the [111] direction. The splitting of the FT spots due to twinning is indicated. applied field of 1 KOe for Pd 2.4 nm average mean particle

3 3 $ ¢ 2 : FIG. 3. Hysteresis loops at different temperatures of Pd nano-
(c) Fourier filtered HRTEM image of a Pd nanocrystal (diameter = 4.4 nm) showing two twin boundaries.

Local deviation from cubic symmetry near the twin
boundaries could also be invoked to account for the
ferromagnetic behavior [S5]. The strong surface energy
anisotropy acts as the driving force for twinning in small
Pd clusters. Therefore, the twinning boundary density is
expected, and experimentally observed in this Letter and
in a previous paper [6], to be noticeably enhanced in small
clusters. Consequently, we suggest that the onset of fer-
romagnetism, experimentally observed and reported

increase of N(Ey) promotes the induction of a spontane-
ous magnetic moment.

In conclusion, we have observed the onset of ferromag-
netism in fcc twinned 2.4 nm Pd nanoparticles.

particles. Inset: a more detailed view of the thermal coercivity
response of the same sample.

237203-3

size (solid squares) and bulk Pd (open circles). Inset: detailed
thermal dependence for Pd bulk metal measured under the
same applied field but plotted in a different scale.
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FIG. 1. Transmission electron micrographs of Au-SR (a) and . . . .
Au-NR (b) NPs. Their corresponding histograms, obtained -1ooo0  -5000 o sooo 10000
from several micrographs, are plotted, respectively, in (c) H(Oe)

and (d).

FIG. 3. Magnetization curves of gold nanoparticles stabilized
by means of a surfactant, Au-NR (a), and hysteresis loops
087204-2 corresponding to the gold thiol-capped NPs, Au-SR (b), at 5

and 300 K. For the Au-SR sample, the magnetization is given

in emu per gram of gold.
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El Futuro
de la Propiedad Industrial

El ingenio del ser humano parece no tener limites. Los nuevos avan-
ces, entre otros, en biotecnologia, robética, nuevos materiales, co-
municaciones o tecnologias de la informacion afectaran a aspectos
fundamentales de nuestras vidas. Algunas de las patentes recién-
temente registradas nos ofrecen claves sobre EL FUTURO DE LA
PROPIEDAD INDUSTRIAL.

Tecnologia médica

Las valulas cardiacas beoldgicas, que a diferencia de las me-
canicas no requseren mantenimiento ni tratamiento de ant-
coagulacion, presentan sin embargo e inconveniente de una
menor durabisdad y una mayor incertidumbre en su vida ope-
rativa. La invencion patentada (ES 2312256) consiste en un
sensor magnético que permite monitorizar el funcionamiento
de estas protesis cardiacas bioldgicas tras su implantacson
en pacientes. La utiizacidn de este sensor evita nesgos al
enfermo, ya que permite establecer con precsion el momen-
to adecuado para la sustitucion de & biopratesis.

La invencidn, patentada por un grupo de investigacion de la
Universidad Complutense de Madnd en 2006, se basa en la in-

Imagen por gentileza de b Unnversidad Complutense de Madnd

127

corporacion de un material magnético en cada uno de los velos
valwulares de la protesis. Durante la monorizacdn, se hace -
cidir sobre la bioprétesis una onda electromagnética a una fre-
cuencia deterrmmada. La onda madente es absorbada en parte
por ef material magnético de los velos y transmitida hacia un
receptor externo al paciente. El movimiento de los velos modu-
i la senal transmitida. Las disfunciones producidas durante el
proceso de apertura y cerre de la valula de prétesis cardiaca
provocan un cambio en la sefial de funcionarmeento éptimo, lo
que permitiria a los servicios médicos establecer con precision
el momento en el que |a valvla debe ser sustituida.

En el dibujo puede verse un esquema de funcionameento del

23 patentes
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2.1 In situ measurement of the mass evolution of cell culture

Culture plate

Magnetoelastic
ribons

Culture bath ——

Arrangement
series-oposition —__|
coils

1) Direct Digital Synthesizer; 2) Voltage reference; 3) D/ A Converter; 4) Power amplifier; 5)
Exciting/ Pick up coils; 6) Magnetoelastic sensor; 7) Voltage/ Current Converter; 8) A/D converter; 9)
Digital signal processor; 10) Acquisition

NdFeB magnet

Fig. 3. Evolution of the resonance of ribbons arrangement. In the initial state A, both ribbons

have the same resonance frequency. The left peak increases and decreases its frequency with

the amount of mass on the corre: }m:nl:;\_- ribbon



2.2 Test of blood coagulation

SIGNAL
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Fig. 4. Scheme of the experimental setup used to measure the blood coagulation.
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Fig. 5. Study of the influence in the coagulation of blood with different amounts of coagulant
agent. The amount of blood is 200 ul, and was mixed with 5ul of coagulant (curve A), 1ul of
coagulant (curve B), and without coagulant (curve C).



2.3 Sensor system for early detection of heart valve bioprostheses failure

P

Exciting coil

\ L Electronicset-up

Fig. 7. Detection of motion of bioprostheses cusps with micro

N

..

Fig. 8. Opening process of the valve with different damage levels.




3.1 Magnetic endoluminal artificial urinary sphincter

catheter

Silicone fixation

PM2000 piston

NdFeB thoroidal
magnet Au
coated

urinary ball-
probe

Fig. 10. Sphincter prototype for trials on animal models.

B

Fig. 11. Sketch of the magnetic valve operation. A) Closed posifion. B) Open position.



3.2 Hyperthermia HelLa cell treatment with silica-coated manganese
oxide nanoparticles
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Study of Heating Efficiency as a Function of Concentration, Size, and
Applied Field in y-Fe,O; Nanoparticles
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© Supporting Information

- AT - DR = - ABSTRACT: The specific absorption rate (SAR) of y-Fe,04
Fig. 12. Nanoparticles (black spots) inside the cell after apopthosis (White holes) sl (P i i :,':cmﬁng ,fugn st Epp
(\n’ﬂla:nuev a, 2010) been investigated as a function of size, concentration, coating,

liquid carrier, and frequency and amplitude of the applied _ 1%
magnetic field. The NPs have been synthesized by
coprecipitation method with sizes ranging from 6 to 14 nm
with low polydispersity (02) and high crystallinity degrees. &
The small NPs size (6—14 nm) and the value of the maximum 2
applied field (<7.5 kA/m) allow the use of the linear response
theory for the analysis of the experimental SARs values. Under 200 400 600 800
this condition, Neel-Brown relaxation times of about 1077 s Froquency (kHz)

are obtained from SAR field frequency depcndcncc Thc NPs

have been immobilized in agar to i gate the ting mechani ie, inversion of the magnetic moments inside the
monodomain volume or particle rotation. The results suggest that there is a critical size of d 12 nm for obtaining the most
effective heating in viscous media. Furthermore, the surface modification by aminopropylsilane coating does not affect the
heating efficiency, making these NPs good candidates for hyperthermia treatment as well as model les for standardization of
hyperthermia apparatus.
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Bioelectromagnetics 33:612-619(2012)

InVivo Measurements of Electrical Conductivity
of Porcine Organs at Low Frequency:
New Method of Measurement
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Clamp Meter

Fig. 2. Experimental setupfor the in vivo measurements.

Fig. 1. Fixation of the platinum electrodes on a heart for the in
vivo measurements.



Fig. 3. Image of the
room.

measurements performed in the operating
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Fig. 4. Example ofan |-V curve for several frequencies measured
inaliver invivowith platinum electrodes in two-electrode mode.
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Fig. 5. Impedance of a kidney and its real and imaginary compo-
nents measured with the induced voltage difference method and
goldelectrodes.
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@YM: SISTEMA DE MEDIDA DE DEFORMACIONES DE RAILES FERROVIARIOS

@m:

Sistema de medida de delormaciones de ralles
ferroviarios.

Comprende uno 0 mas sensores (1) que se fyan al rall
(3) y se caracteriza porque ¢l sensor comprende: una
célula de carga (7. 8) que genera una sehal
proporcional al radio de Curvatura Que se produce en
¢l rall (3) cuando se deforma por flexion: un
acelerdometro de res ejes (20) para medw las cargas
dindmicas soportadas por ¢l rall (3) al paso del tren,
Que ademds realiza funciones de incindémetro de dos
ejes para medir la inclinacion del rall (3) tanto en
sentido longitudinal como en el transversal; y un
procesador de obtencién de la medida de los
parametros para determinar la deformacion del rall
(3). Comprende medios de comunicacion inalambrica
Para CoOmMuNICar con otros Sensores y/o Con un centro
de procesado y establecer la evolucion de la
deformacion de un tramo de rail (3).

La fyacion al rail se realiza mediante imanes (9) que

faciitan su montaje/desmontaje.
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