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The domain pinning mechanism was investigated in nanometer hard magnetic materials. The pinning fields of domain wall at
different inhomogeneities were studied respectively. And exchange-coupling coefficient &, was investigated too. The results showed
that «,, is proportional to the ratio of inhomogeneity thickness r, to wall width §,, for narrow inhomogeneity, while it decreases
with enhancement of r,/§,, for extended inhomogeneity. At a certain value of r,, exchange-coupling coeflicient and pinning fields
will reach the maximum. Exchange-coupling interaction and pinning fields are greatly influenced by inhomogeneity. Control range

of inhomogeneity may obtain higher coercivity.

1. Introduction

In recent years, nanocomposite magnets have attracted much
attention due to high theoretical energy product, which
was recorded as high as 1 MJ/m’ [1]. However, an equally
important uncertainty is coercivity mechanism in nanometer
magnetic materials. Therefore, attention has been focused on
coercivity mechanism [2-5]. Currently, there are mainly two
coercivity mechanisms, nucleation and pinning. Kronmiiller
etal. [5] proposed that the coercivity of nanocomposite mag-
nets was controlled by nucleation process of reverse domains
and introduced a microstructural parameter «,, to describe
the effect of exchange-coupling interaction on coercivity,
leading to poH, = ot pgHy'" — N, ] (coercivity experien-
tial formula). Zhang et al. [6] suggested both nucleation and
domain-wall pinning model can be expressed as coercivity
experiential formula. Experimentally, elemental additions
were found to form precipitates at grain boundary [7, 8].
The properties of grain boundary are different from main
phase. Therefore, there is inhomogeneous area in nanometer
magnetic materials, which plays an important role in pinning
domain wall. In this paper, pinning fields of domain wall
H, were calculated by considering inhomogeneous area.
And corresponding exchange-coupling coefficient «,, was
investigated too.

2. Calculation Model

2.1. Inhomogeneous Area. Experimentally, elemental addi-
tions were found to form precipitates at grain boundary [7, 8].
Properties of grain boundary are different from the main
phase. Additionally, due to the exchange-coupling interaction
between grains, properties of grain edge have changed too.
It is assumed that grain boundary and area influenced by
exchange-coupling interaction form inhomogeneous area.
Referring to K,_profile given by Kronmiiller [9], we assume
anisotropy at inhomogeneous area is as follows:
nk;
GO G i) v
where r, is inhomogeneity thickness. K, is first ani-
sotropy constant. n is a number no larger than 1, which
denotes reduction K, in inhomogeneous area. The variation
of anisotropy at inhomogeneous area is shown in Figure 1.

2.2. Coercivity Theory. Inhomogeneous area is regarded
as strong planar pinning centers. When inhomogeneity
thickness r, is smaller than wall width &,,, coercive field is
given [10]:
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FIGURE 1: Variations of anisotropy K, (r) in inhomogeneous area.

where A"*! corresponds to the local exchange constant
between adjacent layers i and i+1. Similarly, K| corresponds
to the local anisotropy constant of the ith layer. §,, is the
wall width. The term N 4M; takes care of demagnetization
fields resulting from grain surfaces and volume charges.
It is assumed that the n perturbed planes have equivalent
properties (A" and K| are equal). And we assume A’ of
perturbed planes is equal to A. Coercivity is written as

1 2K1nro<1 K]
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where r, = md denoting inhomogeneous area thickness.
When r is larger than §,,,, the coercive field is determined
by

i 1 (dy
1] _
H; = 2M, (E)max ™ Negr M )

where (dy/dr) .« denotes maximum slope of the wall energy
given by y = 4+/A,K,(r). K,( ) is anisotropy at inhomoge-

neous area.

2.3. Coefficient for Exchange-Coupling Interaction. Com-
pared with coercivity experiential formula, expressions of
exchange-coupling coeflicient «,, are given. For thin inho-
mogeneity (r, < §,,), exchange-coupling coefficient e, is
written as

1 7r, K{)
Qg = —=—2|1-—|. (5)
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In this case, for K| = K,(r,/2) and n=0.8, o, = (7/3/

100)(rnr,/dp) is obtained.
For thick inhomogeneity (r, > §,,), «,, is written as

_nd,, (dVE ()
oy = —a .

T,

(6)

And when n equals 0.8, «,, = 126,,,/2577,.
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FIGURE 2: Variations of exchange-coupling coefficient «,, with the
ratio of r, to §,, for narrow inhomogeneity.

3. Results and Discussion

We calculated coercivity and corresponding «,, by using
intrinsic magnetic parameters of Nd, Fe, ,B (K,=4.3M]J/m’[5],
J=1.6T, M,=1280KA/m/[11] ).

Figure 1 shows variations of anisotropy K,(r) in inho-
mogeneous area. It can be seen that K,(r) increases with
enhancement of ratio of r to r,. The value of anisotropy of
area close to grain core is larger, because it is influenced to
a fewer degree by exchange-coupling interaction. It is also
shown in Figure 1 that K, (r) decreases with increasing n. n
denotes the decrease K, in inhomogeneous area. Exchange-
coupling interaction and inhomogeneity decrease anisotropy.

Figure 2 shows variations of exchange-coupling coeffi-
cient a, with ratio of r, to §,, for narrow inhomogeneity.
It can be seen that «,, is proportional to r,/d,, in this case.
For smaller r,, exchange-coupling interaction is strong, and
the effects of exchange-coupling interaction on anisotropy
and coercivity are dominant. The enhancement of «,, mainly
results from influence of exchange-coupling interaction.
Figure 3 shows variations of exchange-coupling coeflicient
o, with ratio of r, to 8., for extended inhomogeneity. It can
be seen that «,, decreases with increasing of r,/J,, for certain
value of n. For extended inhomogeneity, the effect of defect on
anisotropy and coercivity is dominant.

Figure 4 shows dependence of «,, on ratio of r, to
0., In transition region near 0.6, the broken curve indi-
cates the transition between the approximations for narrow
and extended inhomogeneities. As shown in Figure 5, the
variation of coercivity and exchange-coupling coeflicient is
consistent. Inhomogeneity has great influence on coercivity.
Magnetization reversal process is thought of as follows.
Firstly, the antimagnetization core is formed in the nonuni-
form region. With enhancement of the antimagnetization
field, domain wall displacement will encounter maximum
resistance peak caused by exchange coupling interaction
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FIGURE 3: Variation of exchange-coupling coeflicient «,, with the
ratio of r, to §,, for extended inhomogeneity.
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FIGURE 4: Dependence of «,, on ratio of r, to §,,,.

and inhomogeneity, and domain wall will have maximum
irreversible displacement. Pinning field reaches the max-
imum value. With increasing inhomogeneity, area influ-
enced by exchange-coupling interaction is larger for narrow
inhomogeneity, while area influenced by exchange-coupling
interaction is smaller with increasing range of inhomogeneity
for extended inhomogeneity.

4. Conclusion

It is assumed that defect and grain edge influenced by
exchange-coupling interaction form inhomogeneous area.
Pinning fields and exchange-coupling coefficient «, cor-
responding to narrow and extended inhomogeneous area
are investigated respectively. By considering different inho-
mogenities, pinning fields and exchange-coupling coeflicent
were studied. While the effect of defect on them is dominant
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FIGURE 5: Dependence of coercivity on ratio of r, to §,,.

for extended inhomogeneity. Coercivity depends greatly on
microstructure.

Data Availability

The data used to support the findings of this study are
included within the article.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Acknowledgments

The work is supported by the Natural Science Foundation of
Shandong Province (ZR2014EL002).

References

[1] R.Skomskiand J. M. D. Coey, “Giant energy product in nanos-
tructured two-phase magnets;,” Physical Review B: Condensed
Matter and Materials Physics, vol. 48, no. 21, pp. 15812-15816,
1993.

[2] N. Quan, Y. Luo, W. Yan et al., “Hard magnetic properties and
coercivity mechanism of melt-spun Misch Metal-Fe-B alloy;,
Journal of Magnetism and Magnetic Materials, vol. 437, pp. 12—
16, 2017.

[3] G.P.Zhao, H. W. Zhang, Y. P. Feng, Yang. C., and C. W. Huang,
“Nucleation or pinning: dominant coercivity mechanism in

exchange-coupled permanent/composite magnets,” Computa-
tional Materials Science, vol. 44, no. 1, pp. 122-126, 2008.

[4] Wnuk I and J. J. Wyslocki, “The coercivity mechanism in
nanocomposite Nd, Fe, ;B + «-Fe magnets,” Journal of Materials
Processing Technology, vol. 175, no. 1-3, pp. 433-438, 2006.

[5] H. Kronmiiller, R. Fischer, M. Seeger, and A. Zern, “Micromag-
netism and microstructure of hard magnetic materials,” Journal
of Physics D: Applied Physics, vol. 29, no. 9, pp. 2274-2283, 1996.

[6] H. W. Zhang, C. B. Rong, J. Zhang, S. Y. Zhang, and B. G. Shen,
“Coercivity of isotropic nanocrystalline Pr,Feg, B, ribbons,
Physical Review B, vol. 66, Article ID 184436, 2002.



(7]

(8]

J. Xie, C. Yuan, Y. Luo et al, “Coercivity enhancement and
thermal-stability improvement in the melt-spun NdFeB ribbons
by grain boundary diffusion,” Journal of Magnetism and Mag-
netic Materials, vol. 446, pp. 210-213, 2018.

G. E Ding, S. Guo, L. Chen et al,, “Coercivity enhancement
in Dy-free sintered Nd-Fe-B magnets by effective structure
optimization of grain boundaries,” Journal of Alloys and Com-
pounds, vol. 735, pp. 795-801, 2018.

H. Kronmiiller, K.-D. Durst, and M. Sagawa, “Analysis of
the magnetic hardening mechanism in RE-FeB permanent
magnets,” Journal of Magnetism and Magnetic Materials, vol. 74,
no. 3, pp. 291-302, 1988.

H. R. Hilzinger and H. Kronmiiller, “Investigation of bloch-
wall-pinning by antiphase boundaries in RCos-compounds,”
Physics Letters A, vol. 51, no. 1, pp. 59-60, 1975.

G. P. Zhao and X. L. Wang, “Nucleation, pinning, and coer-
civity in magnetic nanosystems: An analytical micromagnetic
approach,” Physical review B, vol. 74, Article ID 012409, 2006.

Advances in Condensed Matter Physics



"4

The Scientific
Y\Iorld Journal

Advances in

Chemistry

Applied Bionics
and Biomechanics

Active and Passive
Electronic Components

Shock and Vibration

Hindawi

Submit your manuscripts at
www.hindawi.com

Advances in

Mathematical Physics

International Journal of | J— o

Rotutiing b u) f -

Machinery b _ Advances in
Optical

Advances in . ‘—‘_‘o g » . P

. Technologies
OptoElectronics 1 g <
"y

)

Advances in

1
\
b

i : b International Journal of
Journal of Antennas anc
Chemistry Propagation

International Journal of

thics

oustics and Vibration



https://www.hindawi.com/journals/apec/
https://www.hindawi.com/journals/sv/
https://www.hindawi.com/journals/ahep/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/aav/
https://www.hindawi.com/journals/acmp/
https://www.hindawi.com/journals/ijo/
https://www.hindawi.com/journals/aa/
https://www.hindawi.com/journals/ijap/
https://www.hindawi.com/journals/ijge/
https://www.hindawi.com/journals/aot/
https://www.hindawi.com/journals/abb/
https://www.hindawi.com/journals/aoe/
https://www.hindawi.com/journals/amp/
https://www.hindawi.com/journals/ac/
https://www.hindawi.com/journals/jchem/
https://www.hindawi.com/journals/apc/
https://www.hindawi.com/journals/ijrm/
https://www.hindawi.com/journals/je/
https://www.hindawi.com/
https://www.hindawi.com/

