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Introduction Enhancement of PMA

Gr / Co (t) / Pt(111)

Graphene (Gr) has a negligible intrinsic Spin- Orbit Coupling (SOC) in its pristine state.
However, by intercalating adequate metal (such as Co underneath Gr/HM(111) (Pt or Ir)). it is
possible to transfer to graphene a giant SOC. The incorporation of active properties to Gr can
enable its use in spintronics technology, exploiting furthermore the long spin diffusion and
lifetime.
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Interplay between SOC-induced DMI at the Co/HM(111) and opposite Rashba-type DMI at the
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Thermal activated FM intercalation in Gr Polar Kerr Microscopy STEM-EELS analysis
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Hyperthermia is a promising emergent therapy against cancer. The aim of /

e
nanoparticles (NPs) under a near infrared laser irradiation. Maghemite FrOm HOW .

(y-Fe,O,) and hematite (a-Fe,O,) have the same oxidation state, similar To study the heating of Hematite and Maghenmite, Ir.radiating t.he NPs
iron oxide nanoparticles different phases of Fe,O,  with a nleC"' infrared
aser

daniarra@ucm.es

this work is to learn about the heating mechanism of iron oxide thte

band gaps and different magnetic properties. Both nanoparticles have
been used to investigate if the magnetization plays any role on the
heating mechanism.

Synthesis and Characterization Photothermal Results

Svnthesis of v-Fe 0 NPs 20 pL of NPs are introduced in a thin capilar. The NPs are irradiated during
y Y-re,v, 120 s with a Titanium:Saphire laser operating at A=773 nm in continuous
Massart modified method (Co-precipitation) wave with 50 mW average power. The heating and the cooling curve (laser
250- 20 off), are registered with an infrared camera. The SAR (Specific Absortion
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SUMMARY Both types of NPs (with AE__ ~2 eV) release heat when irradiated with an IR laser (1.6 eV).
- The are no significant changes in the AT with similar concentrations in both phases.
- The SAR vs concentration increases or decreases depending on the magnetic phase.
- The dextran coating seems not to play a major roll on the heating process.
- For further investigation, measurements at similar particle sizes and a study of the heating
release of other oxidation states such as magnetite (Fe,O,) should be done.
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Improved Averaging of Hysteresis Loops from Micromagnetic
Simulations of Non-Interacting Uniaxial Nanoparticles

Rafael Delgado-Garcia®, Gabriel Rodriguez-Rodriguez’, Jose M. Colino’
T INAMOL - UCLM, Av. Carlos lll, s/n, 45071 Toledo (Toledo) Spain,
e-mail: gabriel.rrodriguez@uclm.es

Macroscopic ensembles of non-interacting single-domain  Magnetic
Nanoparticles (MNPs) have been modelled with micromagnetic simulations. At
first, hysteresis loops of randomly-oriented nanoparticles have been averaged,
with the withdrawal of high computational cost and slow convergency. To
reduce computational cost in such systems we have developed an optimized
method of hysteresis loop averaging based on the high rotational symmetry
found in uniaxial anisotropic systems.

Motivation: Distributing directions on the sphere

Figure 1 (a) shows how uniformly distributed directions on the 6-¢ plane are
not uniformly distributed on the sphere, with higher density towards the poles.

An option to get true spherical symmetry can be restricting randomly
generated 3D coordinates to a sphere [Figure 1 (b)], which representation on

This improved method reduces the number of simulations required to generate
macroscopic-like ensembles of randomly oriented and non-interacting
magnetic nanoparticles (i.e. a dilute powder), obtaining a fast convergency to
predicted Stoner-Wohlfarth behaviour of single-domain uniaxial particles and
matching magnetic properties such as coercivity, remanence and energetic
product with a low count of simulations.

Random distributions of non-interacting MNPs

Hysteresis loops of quasi-spheroidal 8nm randomly-oriented MNPs have been
averaged uniformly over the sphere from micromagnetic simulations. Different
anisotropic materials have been simulated with good agreement with
theoretical and experimental data [Figure 2].
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Figure 2. Hysteresis loops of (a) Co(hcp) and (b) Fe(bcc) non-interacting randomly-oriented MNPs.
Results of Co(hcp) uniaxial MNPs follow Stoner-Wohlfarth behavior, while Fe(bcc) cubic MNPSs’
hysteresis loops agree with experimental data (Farrel et. al., 2005).

Polar averaging of hysteresis loops in highly rotational symmetry systems

Figure 1. Angular and spheroidal plots of 703 directions distributed
uniformly in (@) the 6-¢ plane and (b) over a spheric surface.

Hysteresis loops have been simulated in the XY plane every 5 (a) - (b) .. ,
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M(H)system = z M(H)Sli,"gle NP (A) Figure 3. Low count hysteresis loops for rotational symmetry systems (uniaxial-like) obtained with:

N (a) Arithmetic (A) and (b) Spherical (S) averaging methods using 19, 10, 7, 4 and 3 hysteresis loops
spaced every 5, 10, 15, 30 and 45 degrees, respectively. Schematic of Spheroidal averaging is shown
as insert in graph (b). Notice the step-like behaviour in more spaced averages.

Panels (c) and (d) show the relative differences between remanence M,., coercivity H. and magnetic
energy of averaged loops in absolute deviation respect to SW model.
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M(H)gystem = z 2T [cos (9 — %) — COS (9 + %)] M (H)singie np (S)

Conclusions

Finally, the exact energy involved during the magnetization reversal process has been
extracted with excel agreement of improved Spheroidal method in comparison with
Arithmetic method (error < 2% vs > 50%, respectively) using only 19 (Ap=5°)
hysteresis loops.

An improved averaging method for hysteresis loops of MNPs has been developed,
drastically reducing the number of micromagnetic calculations of hysteresis loops
needed to get macroscopic behaviour of uniaxial-like non-interacting ensembles.

This method has been tested against the Stoner-Wohlfarth model obtaining excellent
results in terms of optimization of computational costs reproducing not only H,. and
M.. values with just a few angular hysteresis loops, but the shape of the entire cycle.
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Motivation
Permanent magnets (PMs) are widely used in energy, transport and electronic applications. Alternative PMs with
. « NO rare-earths (REs) content are being investigated in order to plug the gap between ferrites and NdFeB magnets,
i e wes | Which should be done under the premise of looking at feasible candidates [1]. MnAl alloy has shown up as a
e st = promising RE-free PM candidate provided development of the ferromagnetic L1, or t-phase [2]. Studies on this

40 - 320
Iso Bonded Nd-Fe-B \\\

SmCo \\

= £ alloy usually focus on obtaining a maximum content of t-phase for an enhanced magnetization, however with a low

240

gﬁ coercive field. We have recently shown the possibility of increasing coercivity by nanostructuring and controlled
|~ phase transformation [3].

120

" In this study, hot-pressing experiments have been done at 600 °C using as starting material both gas-atomized and
i - - - =, milled (60 s) MnAIC powder and, importantly, starting from pure e-phase. For the aim of comparison, we have used
= the combination of adequate temperature and pressure attained in the hot-pressing process to manage

M.J. Kramer et al., JOM 64, 752 (2012) simultaneously the e-to-t transformation and end with a bulk MnAIC magnet [4].
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Magnetic nanowires (NWs) have recently received considerable attention due to their the low frequency range range for magnetic field below 2 kOe.

potential applications in magnetic storage technology. While their static magnetic In order to understand this behavior, we have simulated spin waves in 1-5 micron long
properties have been well investigated, their magnetization dynamics have received less range. We observed the formation of a vortex state on the NW ends for a field close to the
attention [1,2]. Due to their reduced dimensions, the possibility to control spin wave (SW) one with experimental losses. We have also carried out a detailed investigation of how the
confinement in the direction perpendicular to the NW s axis and the possibility to couple excited SW modes depend on the NW length, as well as its evolution as a function of the
electromagnetic waves to the magnetization textures with non-trivial topologies (e.g. the distance from the NW end and the product of vortex polarity and vortex chirality. Our
vortex state), designates these patterned structures as good candidates to next generation simulations are able to distinguish between two different types of the SW modes: lower
SW based information processing technologies. frequency modes localized close to the NW ends and higher frequency delocalized modes,
Here we present experimental results of dynamic stimulation of hexagonally ordered which are described as plane waves with a finite pinning at the NW ends.. The simulation
arrays of Fe28Co63Cul0 NWs with 120 and 150 nm diameter, 300 nm lattice constant and results are in qualitative agreement with the analytical model based on the generalized
few tens of microns in length. Microwave permeability investigated with DC and Thiele equation for the vortex core string. The model accounts for the exchange and non-
microwave magnetic fields perpendicular to the nanowire axis shows enhanced losses in local magnetostatic interactions.

http://webs.fmc.uam.es/magnetrans.group/

Sample Growth and Characterization Sample Description and Experimental Results

Substrate: Highly ordered Anodized Aluminium Oxide (AAO) templates .
1o Fe2sC0ossCU1o FMR tal result
140 * Anodic Aluminum Oxide (AAO) | CXPCErimen I'eSults
120-: templates ) ) =
Aluminum dise Hard anodization S 100 / * Rapid growth ~ 50 pm/hr O Thickness (NW length is 25 - 30 um) S —
‘ " 2 zg o = |+ Ordered pores with D=100-200 Separation between nanowires - 300 nm 25 um Computer Electromagnet \
Oxalic acid, 0°C 2 _' Z o ”s| nm [ |
> ng "o | o Inter-distance (center to center): . <« | VNA CPW
o ot D.=300-390nm o ' Diameter of the NWs - 120 nm + —"—
20- 0 1000 2000 ﬁme:s(Z'oo 4000 I |
Electrochemical deposition: Time (s) SEM top-view image of alumina \ Co NW, Au substrate / \ Current source Y, /
Three-clectrode cell using a single Watts-type bath, containing the different element sulfates: template with highly hexagonal order
CoSO,7H,O (85g/l), CuSO5H,O (2g/l), FeSO,7H,O (I5gh), | i (0 ) log(Real _qo
H,;BO, (10g/1), and ascorbic acid (10g/1) 180+ FeCo (110) = 10l H ! Nwz H1 NWs . ‘NN N\.,
160 = S _ SAMPLE k / ST
Electrodeposition potential: —1.5 V for FeCoCu, pH=3 = 1404 S 8 0.5 NWS (_) B
S 1201 S $ _ PO T T e )
Structural, morphologic and magnetic characterization: ?, 1001 Au (11 1/1 @ 2 0.0 CPW
c  80- s _
. ) : £ 60 05, FMR results show losses 1
X-ray diffraction (XRD) : Crystallographic structure- bec = 40, > Fi.eld is applied the low frequency range
2. 10 perpendicularly to the NWs = aara -
Scanning Electron Microscopy (SEM): sample geometrical parameters+composition o ' | | | | S PH =1
30 40 50 60 70 80 90 FeCoCu NWs embedded into -10000 5000 0 5000 10000 U o U(f,P H) 21 (f, ) -2000 -1000 H(?)e) 1000 2000 3000
Vibrating sample magnetometer (VSM): magnetic properties of NWs alumina template Applied field (Oe) S21(f, P, Hre)

Static Simulations

Dynamic Simulations

/ Magnetization distribution ﬁ / Fxchange energy distribution —\ Average modes of the system
H=0 Perpendicular field displaces Average modes
the vortex core . . , . . JS— 1.5 GHz
I o] o ’
H-0 - %kOe H-0 e 0.004-
Tum Tum 104 Hpc =0 1 4 5 oo
ENDS OF THE NW 9 _ < S 2 oms
| e 15! g £ o 2.4 GHz
L= 1 U1 P = 1 0. ! 2 10 . 1 1 . 1 0001~ 2 .3:@{}#2
(polatity up) . s 6 5 0 200 400 600 800 1000 o —
= 5 2 Lenth NW (nm) 0205705 1 2 3 3784
" 0. 4 % : Very low frequency
o - 3 g Re(z) = a <l> " + b H gyrotropic mode
G C - 1 2 L% “ <« 008 :1 — Fit 4 modes I |
(clockwise chirality) 1 LN __Cxperimental data]
0 Critical radius 1s symmetric {g, 0.004
Possible channel for SWs Gaussian pulse perpendicular to the Experimental losses are located 1n agreement E‘ 0.002
O =120 nm system is applied to excite modes in with where the simulations predict the < '
The importance of the vortices rely on the fact that exchange energy is the NW average modes to be 0.000
accumulated in these areas of the nanowire, so spin waves (SWs) could _ _
The 0 field magnetization distribution presents a be generated by exciting one end and propagating along the nanowire 00 05 10 15 20 25 30 35 4.0
clearly polarized NW 1n the middle section and two using the radius of the vortices as a transmission channel. Frequency (GHz)
K vortex states 1 the ends of the system. / k /

In Depth Study of the System’s Modes L.onger NWs and Modeling

. . . Longer NWs Theoretical modeling
Modes along the length of the NWs Mode varation with polarity
an d Chlrahty — H-0 ] The vortex gyrotropic non-uniform oscillations along the nanowire length
N ENDS OF THE NW are calculated. We use a Thiele equation to describe the vortex core motion
Hoc =0 . — mcluding magnetostatic and exchange forces assuming that magnetization as
End modes Delocalized modes C=1 G O - P=-1 ‘ | a function of the cylindrical coordinates r = (p,z) and time can be written in
2—— —osen 10— S f——— (clockwise chirality) Io " (polatity down) P-1 5 P=1 the form M(r,t) = M(p,X(z,t)) , where X(z,t) 1s the vortex core displacement.
lach LA ; L-9um (polatiy up) (polatity up) L-5um If a local vortex mass term 1s accounted, the equation of motion is:
5 - _ _
%) 8 - 5 ——14GHz] ] \O \
= = S
o s 0 S 1 2 5ol
= = L35
E E S o0 £ .. . ow 0 ow
'5 i < -1 g _ (clockwise chirality) M v S + g X S — |
| ol ds 0z 0(0s/0z)
0 100 200 300 400 500 % 100 200 300 400 500 0 100 200 300 400 500 0 100 200 300 400 500 Same 0 field state as n the 1 -
7 lavers v Iaye rs Z layers Z layers micron case M, : vortex mass per unit of NW length ; s = X/I : dimensionless vortex core position ; R : nanowire radius
y o ) ) g=12g,2;|g| = 2tM/y : gyrovector density per unit length ; 7': energy density defined by the expression W = Vfdz W/
The or 1glnal state with P =1 presents End modes Delocalized modes Wils(z)] = W [s(z)] + W _,[s(z)] : NW energy consisting of the exchange and non-local magnetostatic contributions

Low frequency modes correspond with modes with more amplitude at
the end of the NWs (end modes) while high frequency modes are

6—— | 30

—0 5 GHZ

much more end modes

—0.6 GHz

oo : ' 20;
more present mside of the NWs (delocalized modes) . o 3t o - Making a Fourier transform s(z,t) = s(z,w)exp(iwt)), the Thiele equation can
Difference between psc=1 and prc=-1 o S 10} . . - . S
li _| =2 2 be written as 2-component differential-integral equation. Its solution yields
gxiot 4210 S g— & O] the eigenfunctions s _(z) and eigenfrequencies w_ of the vortex string
: o T = < _| < -10} lations in th 1
6 : 3! _ oscillations 1n the nanowire.
v 4 21 204+
End modes could be combined with : HAC é 2 é 6 ig
the fact that there .is an excess of < & 'S g g g 0 0 200 400 600 800 1000 0 200 400 600 800 1000 The low-frequency modes are localized near the nanowire ends.
exchange .energy n the ends to : HDC 4 2L Z layers Z layers The higher frequency mode dispersion relations are not
propagate spin waves along the NWs Spin wave A‘ > -60- o0 260 360" 450 5(‘)0 TR TR IR FEnd modes are much more localized in the ends of the reciprocal (contain a term linear in wave vector depending on
(SW) 44 Z layers Z layers

NWs when the length is increased, meaning that the the vortex core polarization and chirality). /

\ propagation of the SWs along the NWs 1s harder / K
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Motivation

The motivation of this work Is the understanding scanning HeaterSetpoint
thermoelectric microscopy, which is a powerful tool to make images The probe produces

of spins textures. higly localized heat H .

It Is related with magneto-thermoelectric effects, which are non-

equilibrium phenomena related to spin, charge and energy 1

transport.

In this work, we have found that the experimental observations can

be well understood by considering the Anomalous Nernst effect
(ANE) in combination with Spin Seebeck effect (SSE).

Spin transport &
Thermoelectric
phenomena

Modelling [ |

Numerical integration of LLB equation [1]: Mapping the
e - _' thermoelectric

= — [mi X Héff] IN) (m, i\ff) I response in 2D

dn'l.,'
dt

Thermal diffusion model as a function of probe position:
. . Ultra-thin trilayer Pt/FeCoB/Pt
— 2 — — p—
RV =@ Ultra-thin layer = VZT 0 . T = 433K (Fitted from exp.)
Model § | High PMA (K, = 9-105 Jim?)
« [hickness = 5nm
Magneto-thermoelectric effects: Rotation in ANE — Neel/Bloch wall

plane

..‘ V(xo,y0) = _/ wd(xx)

g
\ 4 SSE — Neel walll
. d
ROT:t?tl)n ?rlllyz -8 | V(ZC(), yO) - _/ ; / [

plane w(:c)

L 0[] S

Diagonal: Spin Seebeck coefficients SSE - Bloch wall

Off diagonal: Anomalous Nernst coefficient V(zo,y0) = —/ JZ) /SlvyT(xo,az,yO,y)dy

Y Experiment & Simulation

V out of notch normalized Voltage below the notch

Bloch wall " w w w 5
|
' ‘ +LLB

Magnetic configurations

4

w

-out (HV)

N

V (BV) / Vinax

200 300 400 500 0 100 200 300 400

Heat spot posiV Heat spot position (nm)
sl 1 ' ‘ kg " |

—0.37uV/KT
e - S1 | —0.30uV/K |
—0.95uV/K

Domaln WaII IS deformed and can be deplnned from the notch and

attracted by the spot Scanning thermal microscopy is a powerful tool for mapping magnetic structures
via thermo-magnetic effects: anomalous Nernst and spin-Seebeck.

The ANE response is the same for Bloch and Neel domain walls.

The Neel and Bloch domain walls can be distinguished via the asymmetry of the
spin-Seebeck effect. (Fitted from experiment)

Using the LLB micromagnetics and temperature distribution we modelled the
induced voltage in FeCoB stripe with PMA and geometrical notch in agreement
with experiment.

Bibliography | | |
Domain wall is deformed and can be depinned from the notch and attracted by

[1] O. Chubykalo-Fesenko et al., Phys. Rev. B 74, 094436 (2006) the heat spot.
[2] P. Krzysteczko et al., Phys. Rev. B 95, 220410 (R) (2017)
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Abstract

Rapidly solidification techniques like the in-rotating-water-quenching technique used to fabricate amorphous microwires generate strong

mechanical stresses which coupled to magnetostriction, determine their magnetic properties in competition with exchange interaction plus shape
anisotropy energy terms [1]. Amorphous microwires with zero-magnetostriction composition were prepared exhibiting an initial undulating shape
due to quench instabilities [2]. However, most technological applications employing amorphous microwires rely on the quality of their geometrical
and compositional homogeneity. Hence, here we report a novel mild electromechanical processing of the as-quenched wires that is demonstrated to
improve their morphology without damaging their structural and magnetic properties to optimize their technological applicability.

|. SAMPLE PREPARATION AND ELECTROMECHANICAL TREATMENT

(

* Amorphous non-magnetostrictive Mild Electro-mechanical Treatment [ As-quenched i |
Rotating drum < , < microwire (straight)

microwires were prepared (d~130um i e N . : 7352 >
Prep ( pm) L —— , Through electromechanical annealing

: : . AN : : ~ I, 0.6 A I, 0.6 A
" Using the In-rotating-water- \ sl || (inas-quenched wires ~8 cm length) b g)‘)
guenching technique. e | | —— = v

. .. - 1. Passing a maximum current Room temperature
= \With alloy composition of

. . _ density of 50 MA/m? for 140 sec
(C094Fe6)7255|125815 Wlth VanIShIng Molten alloy I_—lnduction heater y 5 / . Weiaht
magnetostriction, A, = -1x107 Amorphous wire 2. The load supplied a maximum g

\. 157g (= 170 Mpa tensile stress)

The magnetic behavior of amorphous microwires is significantly determined by = The samples end up showing a
their magnetoelastic anisotropy, E, ., which depends on the magnetostriction perfectly straight morphology after

constant, A, and the frozen-in mechanical stresses, G, as: E. ., =(3/2)A.c the treatment

As-quenched Micowire

». 4 Ay e . - -

- Treated Microwire
Y. 5 v 3
.' = p ) "- .:,’J 2

Il. STRUCTURE ANALYSIS BY DIFFERENTIAL SCANNING CALORIMETRY, DSC, AND THERMOGRAVIMETRY, TGA.

| - Dec TGA 1 (
* DSC and TGA Analysis performed for: 10- As quen. 5 . Treated

) ) 0’5_- Treated ] f"" : ;
1. As-quenched microwire (curved) | g § : - |

0,5

0,0+

y

2. Treated microwire( ~45MA/m?2, 140s.) 0,0- e 0,5-

. |——A.Q cooling

j T ~572K Treated
| T. cooling

-0,5-

-1,0-

TGA (A.U.)
=
Heat Flow (W/g)

Heat Flow (W/g)

The TGA curve is induced by a pair of -1.0- g | |  AQuwire §T~923 K
magnets placed outside the DSC chamber, 1,5- | = R

exerting a magnetic force on the magnetic 20l i T~skK _ 10K/min 1001 I '
sample 400 600 800 1000 1200 400 600 800 1000 1200 400 500 600 700 800 900 10001100

\_ Temperature (K) Temperature (K) ) \_ Temperature (K) W,

i. DSC traces reveal a 2-stage devitrification process for temperatures above 800K observed for both, as-quenched The differences between as-quenched and treated

and treated, samples (despite the low signal-to-noise ratio due to the small mass of the treated sample) samples (particularly in the first devitrification peak)
can be ascribed to slight structural relaxation, within
ii. TGA traces reveal the presence of magnetic transitions associated to discontinuities around ~ 923K amorphous state

10K/m|n 2.0 R

l1l. MAGNETIC ANALYSIS BY VIBRATING SAMPLE MAGNETOMETER, VSM CONCLUSIONS

fa) 4,0x107- _ b) 4,0x10°- , : A e Non-magnetostrictive amorphous microwires show

CAsquenchgd wire simple domain structure and magnetization reversal
Treated wire making them ideal for micromagnetic studies as well
/ , S 4 as unique magnetic sensing applications.

/o 1 - | 60- wd L * The novel mild electromechanical treatments
N o Oe -40x10° E =] | | ) J ' | ' | . .
O 000 0 T 10000 10000 10000 10000 described here :
L H (Oe) H (Oe) H(Oe)

g / P . — — Create small local structural rearrangement
a) High and low field hysteresis b) Hysteresis Loops of treated c) Comparison between hysteresis

loops of as-quenched microwire microwires under various weights: || loops of as-quenched and treated
microwires _ IO : : -
+ Typical of non-magnetostrictive wire: Optimize the microwire morphology while

* Lack of magnetic bistability . Thde.frnzgr.\et.l; bef;awor.ls n?t ao || Small variation of magnetic maintaining the overall amorphous structure and
MOAITIEE SIENTTICAntly OWINg TOTNE 1 properties soft magnetic stability.

\.

— Induce reduced changes in the magnetic behavior

* Very low coercivity, ~0.2 Oe a
v . . reduced magnetostriction
*Very high susceptibility . p
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Nowadays there's a huge number of technical
applications that operates with electromagnetic waves
at GHz frequencies, specially between 2-20 GHz, such as

communications or radar systems. Mi

materials (MAMSs) rise for the need of electromagnetic
interference shielding in these applications.
For a material to be considered as an effective shield it

should not only demonstrate strong

desired range but also be thin, light, mechanical and

environmentally resistant.
While magnetic microwires are well-

suffer from some drawbacks when used in composites

like its high density and poor processa

Graphene is used here not only for its high &, but for its

outstanding properties as a reinforcer.

Few-layered graphene (FLG) is obtained by a ball milling method
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know MAMSs, they

bility.

Absorbing mechanisms of these materials are due to:

* Conductive dissipations

* Polarization loss (interfacial, ionic, defects...)
 Resonance (related to wire geometry)

* Hysteresis loss

Preparation of the composite is achieved by mixing FLG

and microwires with a commercial pai

weight ratios and deposited over a dielectric material

Composite
Dielectric substrate

. Reflection Loss (S12) is measured in an anechoic chamber
nt in different

Receiver
Emitter

Metal backplate

Reflection loss:

RL = 20log |2
= 0
o
Where Z;,, is the impedance:
2fmd
Lin = &tanh J / VHrEr
\ Er C

U, is the complex permeability
€. is the complex permittivity
f is the frequency

d is the thickness of the paint

In summary, FLG modifies the
permittivity of the composite
affecting both the intensity and the
frequency of the minimum
reflection. Not only outperforming
sole MW but allowing to tune the
maximum shielding band.

— * L — 0,89
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Further work is required to fully understand the role of FLG on modifying the microwave
absorbance behavior, including but not limited to &, characterization of FLG and preparation
of different composites.
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Introduction

Perpendicular Magnetic Anisotropy (PMA) multilayers have been studied in the past for magnetic recording and information storage applications [1]. Since the discovery of
Dzyaloshinskii-Moriya Interaction (DMI) [2, 3], the interest in PMA multilayers have been renewed. DMI promotes the development of magnetic bubbles and skyrmions, which are
promising for spintronics applications due to their stability, small sizes, low-current densities for their motion, ... [4]

CoPt samples growth Characterization: VF-MFM

PMA multilayer grown by DC magnetron sputtering Variable Field MFM Tip-sample interaction
Apart from a thin film, some VF-MFM allows the study in situ of magnetization

a nanostructures by e-beam reversal processes of the sample by the
Pt 1.8 - lithography were fabricated application of an external magnetic field in the
b1 [ X10 under the same conditions. . Magnetic Force Microscopy (MFM) system [5].

SO, 25mm These nanostructures present
different lateral shapes and

cizes Tuning the tip-sample distance allows to

change locally the magnetic field (tip
stray field) on the sample, modifying the
magnetization locally [6].

Tip stray field

Tip-sample distance

MFM images in remanence state Applied field parallel BUbble dOmainS in thin ﬁlm

OOP demagnetized Hz to tip magnetization

Y I T T . T 25 (

Bubbles nucleation Bubbles are nucleated applying a small perpendicular field to the
OOP demagnetization (stripes) | Mmultilayer, or equally, applying a parallel field with a small

‘ perpendicular component. MFM images in remanence state

B Initial state 16 mT
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| The histograms indicate the
" number of points in the image
with the sample magnetization
in the same direction of the tip
magnetization (peak on the left)
_ and opposite direction (peak on
= ; — o — . . the right).
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Applying a magnetic field in the same direction as the tip magnetization (dark contrast), stripes
with an opposite magnetization of the one of the tip (bright contrast) get narrower and disappear
progressively with the value of this field.
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Excitation frequency retrace (Hz) Excitation frequency retrace (Hz) Excitation frequency retrace (Hz)

Bubble domains in nanostructures

Applied field parallel to
Applying a magnetic field in the opposite tip magnetizat

ion
direction of the magnetization of the bubbles, 713
tip

MFM images taken in remanence after an out of plane demagnetization Optical image
= Stripe domain Single domain

the density of bubbles decreases. The remaining
bubbles do not change their size nor their shape,
i.e., their properties may be unchanged.

37 um

57 um
There is a dependence between the magnetic domains configuration and

the size of nanostructures. There is a critical size for which a single
domain configuration is more stable in sizes lower than this value, instead
of a multiple domain configuration (stripe domains).

Optical image
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Combining the VF-MFM and the field applied by the tip (tuning tip-sample distance), the magnetization of the sample is modified locally:
1. Without applying any external field and making several scans on the stripe, its shape is slightly distorted.
2. Applying 20 mT with the VF-MFM and with several scans, the upper part of the stripe is annihilated.

ERIRIETEHzas o 3. Without any external field and making several scans on the remaining part of the stripe, two magnetics bubbles are nucleated.
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CAMPUS DE EXCELENCIA INTERNACIONAL

We have studied lattice anisotropy effects in nanostructured superlattice Results show modulated coercivity and remanence from Stoner-Wohlfarth
arrangements of Co(hcp) randomly oriented magnetic nanoparticles (MNPs)  behaviour (valid for non-interacting uniaxial nanoparticles), evidencing the
via micromagnetic simulations. Remanent state and hysteresis loops have  contribution of multipolar interactions due to the high ordering of the MNPs in
been calculated for a variety of superlattices, including simple cubic (SC), the superlattice structure. This magnetostatic contribution gives rise to a lattice
body-centered cubic (BCC) and face-centered cubic (FCC) orderings with  anisotropy that orients the NP’s magnetic moments into the plane and hence
major testing of parameters such as lattice parameter and layer growth. reduces the total magnetic energy of the system.

Superlattice orderings

Arrangements of randomly-oriented Co(hcp) MNPs with uniaxial anisotropy in Simple Cubic (SC),
Body-Centered Cubic (BCC) and Face-Centered Cubic (FCC) 2D monolayer and growth-layered G
distributions [Figure 1] have been modelled with periodic boundary conditions on XY, extending = =
supercells of 20x20xt (where t is thickness) MNPs to quasi-infinite thin-films. For 8nm Co(hcp) Random uniaxial Initial uniform femanence (o =0)
MNPs, Lattice Parameter (a = b = c) has ranged from 14 to 20 nm. anisotrop saturation ext

i .. Relaxation

In such systems, we have calculated remanent state from saturation from X to Y axes (in-plane ¢
study) and from X to Z coordinates (out-of-plane 6 study) [Figure 2]. Additionally, hysteresis loops In
X direction have been simulated.

| v 4 .
i B
)
] XY (110)
20x20x1 SC Lattice 20x20x1 BCC Lattice 20x20x1 FCC Lattice Figure 2 Scheme of angu|ar scans of remanent state
Figure 1. Schematic view of monolayers and lattices designed in simulations of MNP superlattices. calculations in superlattice orderings of MNPs.
Each colour represents a direction for uniaxial anisotropy according to HSL code.
Multipol ffect { {l Pl M = -
Uftipolar efects on magnetic properties 4 r/Ms : —
: mr M./M;=050 "
Hysteresis loop of FCC Co(hcp) superlattices (1 super cell thickness) in (100) direction show a 051 —— mp /
decrease of 22.5% in coercivity for a lattice parameter of 14 nm [Figure 3], as compared to predicted N | —— SW
Stoner-Wonhlfarth (SW) behaviour of non-interacting uniaxial systems. 5 Y1 [ PP 4 SRS 2 S |
Remanence polar plots for superlattices of different thicknesses [Figure 4] show a surge of multipolar < L aomr
effects manifested in lowering of M, in out-of-plane component as width of the superlattice increases 051 4 = 360mr
[Figure 3]. This way, it has been found in FCC superlattices a lowering of the out-of-plane remanence
(6 = 0°) of 29, 33 and 35% for thicknesses of 0, 1 and 5 supercells as compared to the expected value 10— —
of My/M; = 0.5 from SW. 1000 750 500 25¢] G 230 560 750 1000
Control of the lattice parameter from 14 to 20 nm has yield a much lower remanence reduction in the ext (MT)
out of plane distribution [Figure 6], as multipolar effects decrease with the distance. Figure 3. Hysteresis loop ¢f t=1 FCC Co(hcp) superlattice with

lattice parameter of 14 nph in 100 direction compared with SW
90
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Figure 4. Remanence polar plot in out-of-plane distributions of SC, BCC and FCC Figure 5. From top to bottom: Figure 6. Remanence polar plot in out-of-plane
Co(hcp) superlattices of 14nm lattice parameter and 0, 1 and 5 supercells SC superlattices of 0, 1 and 5 distributions of Co(hcp) t=1 SC, BCC and FCC
thickness. In-plane and out-of-plane distributions for FCC t=1 are shown as insert. supercells thicknesses. superlattices with lattice parameters of 20 and 14 nm.
Conclusions
 FCC superlattice arrangement of Co MNPs (LP=14 nm, t=1) at (100) direction * FCC shows major multipolar induced lattice anisotropy compared to SC and BCC
presents lowered coercivity (~ 22.5% less) as compared to Stoner-Wohlfarth orderings, achieving reduced remanences in out-of-plane direction (6 = 0°) of up
prediction for uniaxial, non-interacting and randomly-oriented ensembles. to 35% less than Stoner-Wohlfarth prediction.
* |ncreasing thickness of superlattices (LP=14nm) enhances deviation of remanence * Shrinking the lattice parameter (20—14nm) increases multipolar effects in the
from quasi-isotropic in favour of in-plane superlattice-induced anisotropy. network, lowering remanence in out-of-plane distributions.
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INTRODUCTION

Interest in magnetic nanoparticles has grown in the last years because their versatility to be used in
several applications including industrial', environmental and biomedical applications®. This work is

focused on the synthesis of Fe;O, to be employed as magnetic adsorbents combined with metal organic
frameworks (MOFs) to remove contaminants from water and the synthesis of Fe Co,_3 to be used as
magnetic fillers in magnetorheological fluids applications.

Fe;O4 NPs Fe Co,_ NPs
COPRECIPITATION CHEMICAL REDUCTION
a N
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800 solution solution By employing this method nanoparticles of Fe, Co and FeCo with different Fe/Co ratio have been synthesized .
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and morphology of Fe;,Co,y. The most of the
single NPs have a size ranging between 30-50
nm, together with a few plate sized NPs as big
as 100 nm. Due to high magnetization value
of the nanoparticles, this TEM 1mages
confirms the tendency to the aggregate state in

the form of a dendritic structure as big as 200-
500 nm

Sample ZP (mV)
Fe,O, CP1 4.0+3.5
Fe;O,CPS1| -35.7+6.4

The stability of NPs was studied trough the zeta
potential measured by Dinamic Light Scattering.

The use of surfactant allows to achieve a stable dispersion of these nanoparticles without
modify the size of the NPs.
The magnetic properties shows a M, about 77 Am?/kg for magnetite CPS1 and 83 Am?/kg
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for CP1. In both cases, a low H. 1s achieved. ——
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H (kA/m) H (kA/m) The highest quantity of iron increases the M 1n 1ron-cobalt NPs while the H, keeps almost

constant. While for Fe and Co, as expected, the M, 1s higher for Fe NPs and The H_ 1s lower.

MAGNETORHEOLOGICAL FLUIDS

T~

Carrier fluid: Mi%gi{ | ﬂﬁl]ers: Fes;Co,oNPs

Additive: Aerosil - Surfactant: Oleic acid
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MOF@MNPs

Functionalized Iron (I1I) + Trimesic acid
Fe,O, NPs chloride ethanol ethanol 5

—solution_______ solution

1 A new peak 1n the diffraction pattern appears in the

Fe,0, CPS1@MIL100 7  Fe,0,CPSI@MIL100 composite, indicating the
1 MOF growth in NPs surface. This fact is also

observed 1n the TEM 1mage of the

Fe;O,CPS1@MIL100 material.
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- The synthesized fluids showed a non-Newtonian behaviour under application of an external magnetic field.

- The shear stress increases with the magnetic field intensity showing a strong magnetorheological response.

- These rheological curves were characterized by the corresponding yield stress value. The magnitude of this

yield stress increases as the magnetic field intensity does (see black arrow). The work range of the fluid can

be determined by the yield stress. So, greater difference between yield stress at 0.2kA/m and 617kA/m

higher work range.

- After demagnetization process the FeCo magnetorheological fluid goes back to its initial state keeping
almost constant 1ts yield stress value.

N
o
o
o

This material will be employed to remove contaminants from water such as arsenic. The
interest to employ magnetic nanoparticles with the metal organic frameworks 1is the easy
recovery of material after the adsorption process trough a permanent magnet.

CONCLUSIONS REFERENCES

U The specific application of NPs depends on the kind of NPs and their chemical, structural and magnetic properties.

»n 2O~ = >0 —~0C7TTE

[1] S. Genc and B. Derin, “Synthesis and rheology of ferrofluids: a review,” Curr. Opin. Chem. Eng.,
vol. 3, pp. 118-124, 2014.

[2] L. Mohammed, H. G. Gomaa, D. Ragab, and J. Zhu, “Magnetic nanoparticles for environmental
and biomedical applications : A review,” Particuology, pp. 1-14, 2016.

[3] Z. Klencsar, P. Németh, Z. Sandor, T. Horvath, I.LE. Sajo, S. M¢észaros, J. Mantilla, J.A.H.
Coaquira, V.K. Garg, E. Kuzmann and Gy. Tolnai, J. Alloys Compd., 674, pp. 153—161 (2016).

ACKNOWLEDGEMENTS

1 By employing coprecipitation method, magnetite nanoparticles are achieved. The use of surfactant improve the
dispersion stability. These stable NPs have a mean size about 13+3 nm and a M, 77 Am?/kg.

 The growth of MOF MIL100 is NPs surface is achieved after 5 cycles. The value of M is enough to recover the NPs
after adsorption process by employing a permanent magnet.

4 By employing chemical reduction method, Fe Co,_, NPs are obtained with good crystallinity and good magnetic
properties.

This work was financially supported by the Basque Government through PI-2017-1-0043 (PIBA

Program), ACTIMAT KK-2018/00099 (Elkartek Program), and IT 12126-19 projects. Technical and

 The Fes,Co,y NPs were employed as magnetic fillers for magnetorheological fluid synthesis. This synthesized fluid . .
human support provided by SGlker (UPV/EHU) 1s also gratefully acknowledged.

shows a strong magnetorheological response and a good reversibility after demagnetization process.
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INTRODUCTION
Interfacial exchange coupling and proximity effects in antiferromagnetic/ferromagnetic (AFM/FM) bilayers are the potential keys that control the exchange bias phenomena exploited in all spintronic
devices. In both cases, the spin fluctuations in the AFM layer during the temperature-driven magnetic phase transition at Néel temperature (T'N) are commonly used to understand the magnitude of the
exchange bias field (He ), the inset of He , referred as Blocking temperature (T'g <= T'y), as well as the enhancement of the coercive field (Hc).

Here we show that the magnetization reversal of the FM layer, in particular, its magnetic domain structure during reversal, not only has a strong influence on the mentioned effects but also control them.
Temperature dependent measurements performed in a V203/Co bilayer after different field cooling (FC) procedures reveal that these effects depend strongly on the FC angle and are associated with a
different domain structure of the FM layer that has a well-defined uniaxial magnetic anisotropy.
Remarkably, a wide temperature window for g and up to a factor of two in He are found. All experimental observations cane be explained within the Random-Field Model for the interfacial exchange
coupling in AFM/FM bilayers with a fixed ADM domain structure in contact with a variable (angle dependent) FM domain structure.

RT Magnetization

At 300 K the V,05 is
paramagnetic and the
data reflect the

intrinsic uniaxial
magnetic anisotropy
of the Co layer.

Figure 2. Room temperatura magnetization reversal of the V,03/Co sample at the indicated field angles
Left panel Standard representation of the vectorial-resolved MOKE measurements. Central panel
Corresponding vectorial representation. Right panel v-MOKE microscopy images acquired during the

revsersal

FM and AFM domain textures across MIT

Figure 3. Scheme of the FM and AFM domain textures. The relevant directions are
indicated: uniaxial anisotropy of the FM layer (Ky solid yellow line);interfacial
unidirectional anisotropy (K, solid blue line); external in-plane magnetic field (H,
dashed green line). The bottom image is a high-resolution co-localized near-field
imagen showing the coexinsting paramagnetic metallic (red) and antiferromagnetic
insulating (blue) phases of the V,0; layer during its phase transition

(n 'uuou_)W

|

=
|
|

M (norm. u.)

hn

100 -50 50 100 200 -0 0 50 100

ot (mT)

Figure 4. Temperature dependent v-MOKE hysteresis loops
recorded after two selected positive-FC procedures on the
same sample. (a) collinear (8. = 0°) anisotropy configuration:
(b) non-collinear (B = 50°) configuration.
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Figure 1.Sketch of the V,03(100nm)/Co(15nm) bilayer.
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Figure 5. Temperature evolution of relevant magnetic and transport
parameters after the two FC procedures: collinear (a) and non-collinear
(b) anisotropy configuration. (c) Zoom of (a) and (b around the MIT
transition. (d) Resistance (R) values for the two configurations.

Conclusions

» The magnetic domain texture of the FM layer during
reversal has a strong influence in the interfacial
exchange bias.

» Transport properties  for
configurations do not differ.

» Our results provide a general microscopic view that
can be extended to any AFM/FM system.

» The Key role of the FM texture during reversal could
be used to design interfacial effects at will.

the two anisotropy
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