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1. Introduction

In recent years, nanocomposite magnets have attracted much
attention due to their potential high properties. However, the
measured maximum energy product is much lower than the the-
oretical value, which is attributed to low coercivity. Therefore,
much attention is focused on mechanism of coercivity. Neverthe-
less, the underlying details on mechanism of coercivity are still
unclear. Kronmiiller et al. [ 1] proposed that coercivity of nanocom-
posite magnets was controlled by nucleation process of reverse
domains, and introduced a microstructure parameter aex consid-
ering effect of exchange coupling between neighboring grain on
coercivity. The coercivity is given by: poH: = (xkaex,uoHI{‘,’i“ — Nettls
(experiential formula of coercivity) where o), describes reduced
anisotropy of non-perfect grains and Neg corresponds to an effec-
tive demagnetization factor describing internal stray fields acting
on the grains. Bauer et al. [2] pointed out that the value of oex
should vary from 0.2 to 0.38. Billoni et al. [3] expressed ofex
as tex = (1/M0H;\?eala¢a1<)[uoHc + negefs In(dg /8)]. However, Zhang
et al. [4] suggested that both nucleation and domain-wall pin-
ning model can be expressed as experiential formula of coercivity.
In consideration of grain size D, coercivity has been written as:
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He=(a/1+68lex/D)HN — (Negr/ 1 +6Bslex/D)Ms, where B, describes
degree of exchange-coupling interaction. We agree with the opin-
ionof Zhang et al. [4] except expression of aex. In this paper, pinning
field of domain wall was calculated by considering the effect
of exchange-coupling interaction between neighboring grains on
anisotropy of nano-grain. And the expression of aex Was investi-
gated too.

2. Theoretical basis
2.1. Anisotropy at grain boundary

We assume that grains are cubes with edge length D [5].
Influenced by exchange-coupling interaction and defect, magnetic
parameters at grain boundary have changed. For simplify, we only
consider the change of the first anisotropy constant K;.And consid-
ering the influence of degree of exchange-coupling interaction on
anisotropy, anisotropy at grain boundary is written as

AK 2r 3/2
Kl(r)—Klfm(]*E) (1)
where K; and Lex are the first magnetic anisotropy constant and
exchange-coupling length of materials, respectively. AK is corre-
sponding to the reduction of K; within the grain boundary, AK =nk;
(is no larger than 1). B describes the degree of exchange cou-
pling. Expression for K7 (r) is not based on a micromagnetic or even
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atomistic model, therefore, § is not related to the true exchange
properties of the grain boundary.

2.2. Coercivity

Experimentally, hard magnetic phase is surrounded by non-
magnetic phase such as Nd in Nd,Feq4B hard magnetic materials.
With increasing reverse fields H, reverse magnetic domain is eas-
ily formed at grain boundary. When H is further increased, domain
wall will be reversibly compressed towards hard phase and will
invade into hard phase, thus leading to irreversible magnetiza-
tion reversal of hard phase [6]. The reverse fields corresponding
to irreversible magnetization reversal are pinning fields of domain
wall, which is thought to determine coercivity and expressed as

(7]

1
H¢ = =—(dy/drmax) — NeftMs (2)
2Js

where Js and y are the saturation polarization and energy density of
domain wall, respectively. Kronmiiller et al. [8] gave the expression
of y

Y =4V/A1K (3)

We replace K; with anisotropy of domain wall plane K;(r) and
obtain

Y =4/ A1Kq(r) (4)

with the equations above, the expression of pinning field can be

given by
3h Ky

He=——
‘T r Js

where h=(n/(1+8)12(1+ B —n)!/2)

Comparing Eq. (5) with the experiential formula of coercivity,
the exchange-coupling coefficient aex corresponding to pinning
fields is derived:

— NegtMs (5)

3n
Qlex = (6)

a1+ B)V2(1 + B—n)'/?

where «; is a micostructure factor describing the reduction of
anisotropy due to non-perfect grains.

3. Results and discussion

Using the intrinsic magnetic parameters of Nd,Fei4B:
K;=43MJm3 [2], M;=1280kAm™!, and taking o =0.9, n=0.5,
we calculated the pinning fields and the corresponding oex.

Fig. 1 gives the variation of exchange-coupling coefficient aex
with degree of exchange coupling B. It is shown that aex decreases
with increasing . That is to say, the larger the degree of exchange
coupling is, the smaller the exchange-coupling coefficient. This is
consistent with the results given by Zhang et al. [4]. According to Eq.
(6), atex is related with the decrease of Ky within the grain boundary
too, which is related with the properties of grain boundary.

Fig. 2 shows the variation of aex With value of AK/K; expressed
by n. It can be seen that aex increases with enhancing the
value of AK/K;.This is because that exchange-coupling interaction
between grains decreases the value of anisotropy at grain surface,
which results the increase of AK and AK/K;with reducing 8. This
denotes that wex is determined by 8 and the properties of grain
boundary. We can also see that for the given value of AK/K7, oex
decreases with the increasing of g.

Fig. 3 gives the variation of coercivity with B. Coerciv-
ity decreases with increasing f. Exchange-coupling interaction
between hard magnetic grains decreases anisotropy of individual
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Fig. 1. Variation of exchange-coupling coefficient aex With degree of exchange cou-
pling B.
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Fig. 2. Variation of aex with value of AK/K; expressed by n.

grain, which is a key role in determining coercivity. So coerciv-
ity decreases due to exchange-coupling interaction. And coercivity
decreases with enhancing the degree of exchange coupling interac-
tion. The existence of exchange-coupling interaction between hard
magnetic grains decreases coercivity, and the effect of exchange-
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Fig. 3. Variation of coercivity with degree of exchange coupling .




S. Yan, W. Yunfang / Journal of Alloys and Compounds 509 (2011) 6139-6141 6141

coupling interaction on coercivity can be expressed by a factor oex
in coercivity formula.

4. Conclusion

Pinning field of domain wall and the corresponding oex
have been studied by considering effect of exchange-coupling
interaction between neighboring grains on anisotropy of nano-
grain. Our results show that aex is related with the degree of
exchange-coupling interaction and the properties of grain bound-
ary. This is consistent with the relative theoretical results given
by Zhang et al. Coercivity decreases with increasing the degree of
exchange-coupling interaction, which is accordant with the expe-
riential formula of coercivity. In order to obtain high coercivity,
exchange-coupling interaction between magnetically hard-hard
grains should be weakened.
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