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50	años	a	vueltas	con	la		
Magnetostricción	(1972-2022)	

y	unos	pocos	de	neutrones	

Manu	Barandiaran	

Grupo de 

Magnetismo y Materiales Magnéticos 



Magnetostricción	(JP	Joule,	1848)	

Magnetostricción	10-7	≤	 λs		≤	10-3		
Expansión	térmica	10-6	K-1	≤	 α	

	≤	10-4	K-1		
(p
pm

)	



Magnetostricción	(argumento	de	simetría)	

Un	cristal	cúbico,	imanado,	pierde	sus	ejes	ternarios												cristal	tetragonal	
												¡Tiene	que	existir	una	deformación	ligada	a	la	imanación!	

magnetostricción	macroscópica	

1972	trabajo	para	“Magnetismo”	de	5º	(Don	Salvador)	



Théorie du magnétisme 
André Herpin; Louis Néel, Presses Universitaires de France (PUF), Paris 1968. 
Ferromagnetismus 
R. Becker and W. Döring, J. Springer, Berlin, 1939 
  
Magnetostriction, Forced Magnetostriction, and 
Anomalous Thermal Expansion in Ferromagnets 
Earl Cullen and Herbert B. Cullen, Phys. Rev. 139, A455 (1965) 
  

Magnetostriction: Theory and Applications of 
Magnetoelasticity 
Étienne	du	Trémolet	de	Lacheisserie,	CRC-Press,	Boca	Raton,	1993		
  

Handbook of magnetostriction and magnetostrictive 
materials. (2 Vols.) 
Agustín	del	Moral,	Del	Moral	Publ.,	University	of	Zaragoza,	2008		



Deformación	por	imanación	 Imanación	por	esfuerzo	o	tensión	
Magnetostricción	 Magnetoelasticidad	
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Micromagneties of twisted amorphous ribbons
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Laboratory of Magnetisin. University ConipIutense, Madkid, Spain
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(Received 7 November 1978)

Solutions of the micromagnetic equations for a twisted ribbon are given on the assumption of
isotropic magnetostriction and lack of crystalline anisotropy. This is the case of amorphous
magnetic materials. Both exchange forces and tension-induced anisotropy are considered to-
gether with the torsion effects, showing the small influence of the exchange term in most practi-
cal cases. Results agree with remanence and Matteucci-effect measurements in annealed sam-
ples of Metglas 2826.

I. INTRODUCTION

Torsion in a thin ribbon produces an inhomogene-
ous distribution of shearing stresses which varies
linearly along the thickness (x axis in Fig. I); see
Sec. II A). In a twisted magnetostrictive material,
this stress distribution will give rise to an inhomo-
geneous magnetoelastic anisotropy. If the magnetos-
triction is not isotropic and crystalline anisotropy is

present, the equilibrium position of the atomic mo-
ments is difficult to determine. Amorphous materials
exhibit no crystalline anisotropy, and their magneto-
striction is fully isotropic, so that the easy directions
will lie along the tension or compression lines into
which the shear stress can be decomposed, depending
upon the sign of the magnetostriction constant h„.
However, at x =0, exchange forces will tend to
smooth the transition between the two easy direc-

1tions, which make an angle of —,7r rad at this point
(see Sec. II).
For this reason, determination of the arrangement

of the atomic moments in a twisted amorphous rib-
bon requires a micromagnetic calculation, similar to
that of a wail between ferromagnetic domains, in
which both exchange and anisotropy are involved.
This distribution being known, it is easy to calculate
the longitudinal remanence as well as the transverse
or "circular" one. ' These quantities can be experi-
mentally checked by measuring the usual magnetiza-
tion curves and the Matteucci effect, respectively. '
Because experimental arrangements usually involve

some tension stress in order to keep the sample in a
fixed position during the application of torsion, such
a situation has been also considered in the present
work.

II. THEORETIC AL MODEL
A. Exchange-force contribution

I
I

1

I

FIG. 1. Orientation of a ribbon of thickness 2a and width
2b with respect to the xyz axis. Torsion is applied about the
z axIS.

In a first step of calculation, only exchange forces
together with torsion-induced anisotropy are taken
into account. If the ribbon is assumed to be infinite-
ly wide, i.e., b/a » I, the complicated stress distri-
bution caused by torsion' is reduced to a single com-
ponent

0yz 2p /ax rx
where p, is the shear modulus of the material, g is
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OV	Nielsen	Lyngby,	Dinamarca,	1984	(DTH)		



Magnetostricción de aleaciones amorfas (Co100-xMx)75Si15B10



[Co100-x(Fe50Ni50)x]75Si15B10	
[Co70(Fe50Ni50)30]75Si15B10	

Anisotropía inducida por tensión en aleaciones amorfas



Anisotropía inducida por tensión en aleaciones amorfas



Magnetostricción de aleaciones amorfas (Co100-xMx)75Si15B10



Magnetostricción de aleaciones amorfas (Co100-xMx)75Si15B10







Tann = 340ºC 

360ºC 

λS(σ)	=	λ0	+	γ.σ	
γ ≈	1-2	x10-7	GPa-1	 Efecto	“mórfico”	
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RESONANCIA MAGNETOELÁSTICA

Oil Viscosity Sensor 	



RESONANCIA MAGNETOELÁSTICA
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MATERIALES MAGNETOELÉCTRICOS



	Cambridge	MA,	2005	(MIT)	FSMA,	Bob	O’Handley	
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FIG. 1. Strain on cooling and heating under zero field and 1 T parallel or per- 
pendicular to the measuring direction. The large contraction corresponds to the 
martensitic transformation. 	

Appl. Phys. Letters, 100 (2012) 
 262410		

Ni51.1Mn24.9Ga24.0 (≈ Ni2MnGa) polycrystal 



FIG. 3. Longitudinal and transverse 
magnetostriction measured at tempera- tures just 
above (a) and below (b) the martensitic 
transformation. 	

Appl. Phys. Letters, 100 (2012) 
 262410		

FIG. 4. (a) Saturation 
magnetostriction showing the large 
increase of their absolute value at 
the transitions. (b) Transverse 
magnetostriction values showing 
the change of sign at the 
martensitic transition. 	

Ni51.1Mn24.9Ga24.0 (≈ Ni2MnGa) polycrystal 



Magnetic	field	induced		
twin-boundary	motion	
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FSMA	



(1985…)	GRENOBLE	

Una	colaboración	muy	duradera	
A	nivel	familiar	



y	científico	



NEUTRONES	

SILOÉ		
(CEA)	

ILL-1988	

Drac	Institute	Néel	



TbNi2Si2	
PrNi2Si2	

ESTRUCTURAS	RNi2Si2	

CRISTALINA	 MAGNÉTICAS	



Mössbauer	
EXAFS	

FeZr(Cu)B	

¿Neutrones	en	amorfos?	



Neutrones	en	FSMA	
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Mn              Ni            Ga               Mn              Ni                       Ga

X-rays                             NEUTRONS

Z =    25             28           31         bC (fm) =   -3.73           7.28                  10.3
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All	Mn	couple	
ferromagnetically	

Excess	Mn	couples	
anti-ferromagnetically	
(Mn-Mn	neighbors)	

Site	occupation	&	magnetism	(excess	Ni)	

Phil.	Mag.,	87	(2007)	3437–3447	



New	Journal	of	Physics	13	(2011)	033039	

Site	occupation	&	magnetism	(defect	Ni)	



Mapas	de	momento	magnético		
(Austenita)	

Difracción	de	monocristal	

Cuatro	círculos	(D-10)	

Neutron 
beam

Counter
crystal



Phys	Rev	Let,	119	(2017)	155701	

Momento	magnético	Austenita-Martensita	

(AF) 2.92 Å  → (FM) 3.32 Å	

Neutrones	polarizados	

(D3)	



Journal of Alloys and Compounds 766 (2018) 291-296 	

Zr1-xCexFe10Si2	(x=0.0,	0.3,	0.6)		

λs≈	1500	ppm	∞	M3,	campo	cristalino	El	Ce	no	contribuye		
Origen	puramente	geométrico	de	la	anisotropía	

R(FeM)12 [ThMn12] 
Imanes	permanentes	sin	Tierras	Raras		



BACTERIAS	MAGNETOTÁCTICAS	



Master Interuniversitario  
en Nuevos Materiales	



ASAMBLEA FUNDACIONAL 
 

MADRID, 17 de Octubre de 2002 
 

1ª REUNIÓN ANUAL 
 

BILBAO, 10 de Octubre de 2003 
Jornada monográfica: Imágenes magnéticas 
 

1ª CONVOCATORIA del PREMIO SALVADOR VELAYOS 
 

 MADRID (2008): Agustín del Moral y Eloísa López 

15 de Diciembre de 2006 Madrid, Salón de Actos del Edificio Central del CSIC  



He visto cosas que vosotros no creeríais: Las luces de los 
galvanómetros balísticos oscilando en la oscuridad en los 
sótanos de la Complutense, laminar cintas amorfas en la 
vía del expreso Madrid-Irún y escribir artículos a máquina 
con auténticas copias de papel carbón. Todas esas 
experiencias se perderán en el tiempo, como miles de 
artículos sin leer en las papeleras…  

Remedando al replicante 
Roy Batty 

de Blade Runner… 



¡Muchas Gracias! 


