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e Introduction



Nanophased materials behave differently from their macroscopic counterparts
because their characteristic sizes are smaller than the characteristic length
scales of physical phenomena occurring in bulk materials.
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Nanocomposites prepared by mechanical milling (MM)

*hard magnetic phases of Nd,Fe,,B

soft magnetic phases of a-Fe (10 wt%o)

Different milling energy:
1. Different milling balls: @ 10 mm and 15 mm
2. Different milling time: 6 h and 8 h of MM
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« Experimental details



Material -milling of the powders in a high energy planetary mill
preparation [l-heat treatments (temperatures and duration)

Starting materials :
» hard magnetic phases of:
R,Fe,,B, ingots — prepared by melting
« soft magnetic phases of:
Fe NC 100.24 powder (H6ganas), (< 40 pm)

Mechanical milling experiments:
» hard magnetic phases— crushed under 500 pm

« hard + soft magnetic powders— milled in Ar atmosphere for 2 -8 h

Annealing:
« short time annealing: in argon/700, 750 or 800 ° C for 0.5 to 3 min.




Some previous studies:
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Figure 4. Evolution with the milling time of {a) the mean hyperfine
field of the e-Fe(Co) contribution, (&) the mean isomer shift of the
ce-Fei{Co) contribution and (c) the relative intensities of the c-Fei{Cao)
and Smi{Co Fe)s contributions. The lines are guides for the eve.

*J M Le Breton, R Lardé, H Chiron, V Pop, D Givord, O Isnard and | Chicinas, J. Phys. D: Appl. Phys. 43 (2010) 085001

Figure 3. Room temperature Mossbaver spectra of the SmCos/Fe
powder before milling and after milling for the indicated times. The
contribution of the Smi{Co,Fe)s phase is displayed.



Some previous studies:

Atom probe tomography (APT) suggested that the observed
Fe/Co inter-diffusion is initiated during the milling process and
further increased by the annealing treatments.*
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Nanoscale analysis of the SmCo./Fe powder milled for 8h:
(@) 3D image of Fe-rich clusters
(b) Concentration profile through a Fe-rich cluster along the
black dashed arrow in panel (a).
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Material
characterisation

«X-ray diffraction (XRD)
*DSC measurements
*Magnetic measurements



e Structure and microstructure



*The milled powders present poor crystallinity and a high defect density.

e recrystallization temperature of the soft magnetic phase is smaller than the
r ization temperature of the hard magnetic phases.
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X-ray diffraction
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Annealing Annealing time FWHM D (hm)
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* Inter-phase magnetic coupling
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Different times of milling = Different energy of milling

160 . . .

I NszeMBHO wt% Fe

—S—700°C 6h MM |

—8—750°C 6h MM

w H (T)

0 ¢

1 T T T T T
[ | —=—700°C 6h MM .
—&—750°C 6h MM Nd2F614B+1 Owt%Fe
[ | —¢—800°C 6h MM
0.8 I | o 700°c an
|| —=—750°C 8h MM
| | —*—800°C 8h MM
0.6 +
0.4
02 +
0 1 1 1 1 1
0 0.5 1 1.5 2 2.5

t (min)

Lower milling energy

o

Better Nd,Fe,,B crystallinity

&

Higher coercivity for the 6h MM samples

140 —®—750°C 8h MM
—*—800°C 8h MM

—$—800°C 6h MM | |

—*—700°C Bh MM |

100 -

80 1 1 1 1 1

0 0.5 1 1.5 2 2.5
t (min)

Higher milling energy

g

More Fe present due to Nd,Fe,,B
decomposition during milling

.

Slightly higher remanence for 8h MM




Different times of milling = Different energy of milling
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Conclusions

The structure and microstructure have a strong influence on the hard/soft exchange coupling.
The crystallinity and the anisotropy of hard magnetic phases are strongly influenced by milling.

The characteristic diffractions peaks of hard magnetic phases are restored during heat
treatment. The annealing induces also a refinement of the soft magnetic phase structure

Lower milling energies increase the coercive field due to a reduced damaging of the hard phase
crystal structure.

Higher milling energies lead to a slight remanence increase due to a higher percentage of Fe
present in the milled samples resulting from the Nd,Fe,,B decomposition during milling.

The hard/soft interphase exchange coupling is more sensitive to the crystallinity of hard phase
than to the small variations of the crystallite size of soft phase.
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