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M echan ism of R otation al H y ste re sis
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Invest i gati ons were carrie d out on Sm { Fe{ N permanent magnet pro -
duced by the reactive di˜usi on metho d w ith di˜erent grain sizes ( from 8.6

to 0: 97 ñ m). The rotationa l hysteresis energy has been measured as a func-
tion of the appli ed Ùeld. T he prop osed mo del of rotational hysteresis energy
is in good agreement with the exp erimental results. I t is show n that the

magnetizatio n reversal pro cess in Sm{F e{N magnet is controlled by the nu-
cleation of reversed domains.

PACS numb ers: 75.30.{m , 75.60. {d

1. I n t rod uct io n

The investi gatio ns of Sm{ Fe{N perm anent magnet carri ed out so far were
focused on the form ati on of permanent m agnet properti es [1{ 6], therm al decom -
positi on of the pri mary hard magneti c Sm2Fe17N3 phase [7] or m icrostructure and
dom ain structure observati ons [8{ 10]. Thi s magnet has becom e, since its discovery
in 1990 [1], one of the most prom ising modern hard m agneti c m ateri a ls, whi ch ex-
hi bi ts outsta ndi ng m agneti c properti es and it is suita ble for various appl icati ons,
e.g., in hysteresi s m oto rs, magneti c dri ves and clutches. Ho wever, there is a lack
of reports on rota ti onal hysteresi s energy in thi s materi al . Thi s is rather a sur-
pri sing situa ti on, since a large numb er of m achines and devi ces exi sts in whi ch
Sm{ Fe{ N m agnets are subj ected to rota ti ng m agneti c Ùelds. Mo reover, as was
shown in [11{ 14], signi Ùcant inf orm atio n about the magneti zati on reversa l pro cess
m ay be retri eved from the inv estigati ons of the rota ti onal hysteresi s energy W r

determ ined f rom the to rque curves T in a rota ti ng externa l m agneti c Ùeld [15].
Theref ore, the m ain aim of thi s paper is to determ ine the m echanism of

rota ti onal hysteresi s energy in Sm{ Fe{N perm anent m agnets.

Ê corr esp on din g au t h o r; e-m ail : wyslocki @m im .p cz.cz est.p l

(267)



268 P. Pawlik, J.J. W ys¤ocki , K. D zil i¥ski

2 . M at er ia l an d ex p er im ent al m et hod s

Mea surements were perform ed on Sm { Fe{ N m agnets produced by the re-
acti ve di ˜usi on m etho d [16]. The pro ducti on pro cess consists of anneal ing of Sm
and Fe powder m ixture under pressure of 100 MPa at a tem perature of 1320 K
(i .e. below the melti ng tem perature of com ponents) for 5 h. As a resul t of solid
state di ˜usi on a relati vely isotro pi c crysta l line structure is achi eved. Af ter ini ti al
m i l ling f or 20 min the powders are ni tri ded at 750 K for 3 h. The Ùnal mi l li ng
of powders is used to get a requi red gra in size. Then the powders together wi th
therm osetti ng plasti c are pressed (100 MPa ) in al igning magneti c Ùeld in order
to obta in m agnets tha t exhi bi t anisotro pic m agneti c pro perti es. Thi s pro ducti on
m etho d is much sim pler tha n the conventi onal m elti ng of com ponents, because i t
does not requi re hi gh tem perature heat trea tm ent and consequentl y sampl es are
less exposed on oxi dati on or subl im ati on e˜ects duri ng m anufa cturi ng process.

The inv estigati ons were carri ed out on sam ples after fol lowi ng Ùnal mi l li ng
ti m e: 2, 6, 12, 24, and 48 h. Diam eters of the obta ined powders are: 8 : 6 ñ m , 6 : 6 ñ m,
3 : 3 ñ m , 2 : 2 ñ m , 1 : 6 ñ m , and 0 : 9 7 ñ m , respecti vely.

Using an X- ray micro analyzer as well as X-ray di ˜ra ctom eter wi th Co K ˜

radi ati on, qual i ta ti ve analysis of phase structure was perf orm ed. Furtherm ore, us-
ing M �ossbauer spectrom eter wi th 5 7Co isotope in rho dium m atri x and constant
accelerati on, the quanti ta ti ve analysis of examined sam ples wa s carri ed out. Mea-
surements of M�ossbauer spectra were perform ed at room temperature.

Ani sotro py constants K 1 and K 2 were determ ined from the Fouri er analysis
of the to rque curves in the Ùeld close to 2 MA / m , and then using extra polati on
of the results to inÙnitel y hi gh m agneti c Ùeld 1 =H . Mea surements of the to rque
curves were perform ed using to rsion magneto m eter for di ˜erent values of externa l
m agneti c Ùeld up to H = 2 MA/ m .

3. T or qu e cu r ves an d r ot at i onal hys ter esis en er gy

The rota ti onal hysteresis energy W r , i .e. the energy necessary f or a 3 6 0 £ turn
of the m agneti c materi al in constant magneti c Ùeld, can be experim ental ly deter-
m ined as the algebra ic sum of the areas determ ined by the positi ve and negati ve
parts of the to rque curve and the ˚ axi s, m easured at cl ockwi se (C W ) rota ti on of
the externa l m agneti c Ùeld. However, i f subsequentl y the Ùeld is rota ted thro ugh
3 6 0 £ in the anti clockwise di recti on (ACW ), the two to rque curves (corresp ondi ng
to CW and ACW rota ti ons of the magneti c Ùeld) enclose an area whi ch is equal
to twi ce the value of rota ti onal hysteresis energy:

W r =
1

2

çZ 2 ¤

0

T C W ( È ) dÈ À

Z 2 ¤

0

TA C W ( È ) dÈ

Ñ

; (1)

where È i s the angle between the easy m agneti zati on axi s and the di recti on of the
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Fig. 1. T he examples of tor que curves of the Sm{F e{N magnet w ith a 2: 2 ñ m grain di-

ameter for several values of the external magnetic Ùeld H : (a) 175 kA /m, (b) 517.3 kA /m,

(c) 1384. 7 kA /m, (d) 1997.5 kA /m.

externa l m agneti c Ùeld, T CW ( È ) , T A CW (È ) denote the to rques m easured, respec-
ti vel y, at clockwi se and anti clockwise rota ti on of the externa l m agneti c Ùeld. As
an exam ple the to rque curves T vs. È angle for the Sm{ Fe{N m agnet wi th a grain
di ameter of 2 : 2 ñ m are presented in Fi g. 1. The curves were m easured for di ˜erent
values of externa l magneti c Ùeld. The to rque curves f or CW and ACW rota ti ons
are identi cal when the rota ti onal hysteresi s energy W r i s equal to zero. Thi s can
occur i f the externa l m agneti c Ùeld is to o low and energy losses wi th rota ti onal
hysteresi s are sti l l absent (the T ( È ) curve is described by a sin È functi on), or
i f the Ùeld is su£ cientl y stro ng to satura te the sam ple and energy losses are no
longer present (T ( È ) curve is described by a sin 2 È functi on). Ho wever, the exter-
na l m agneti c Ùeld used in the experim ent is insu£ cient to satura te the exam ined
sam ples, so tha t there is sti l l smal l ro ta ti onal hysteresi s losses(Fi g. 1d).

In Fi g. 2 the dependence of the rota ti onal hysteresi s energy norm al ized by
the anisotro py constant W r =K 1 on the reduced appl ied m agneti c Ùeld h = H =H a

(where H a = 7500 kA =m is the anisotro py Ùeld) for Sm { Fe{ N m agnets wi th grain
di ameters: 0 : 9 7 ñ m , 1 : 6 ñ m, 2 : 2 ñ m, 3 : 3 ñ m , and 8 :6 ñ m, is presented. These
curves were determ ined f rom the to rque curves analysis, using Eq. (1). The mea-
surements were carri ed out for externa l magneti c Ùeld wi thi n the range from 0 to
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Fig. 2. Rotational hysteresis energy W r = K 1 dependence on the reduced magnetic Ùeld

h = H =H a for the Sm{F e{N magnet w ith di˜erent grain diameters.

2.0 MA/ m (h = 0 :2 7 ). From Fi g. 2 i t results tha t the rota ti onal hysteresi s energy
begins in low Ùelds (b elow h = 0 : 0 5 ) and reaches a m axi mum value depending
on the gra in diam eter. For exampl e, the m agnet wi th a 8 : 6 ñ m grain di ameter
reaches the m axi mum (W r ) ma x =K 1 = 0 : 2 9 for the reduced m agneti c Ùeld h = 0 : 2

and for the m agnet wi th a 1 : 6 ñ m grain di ameter (W r ) ma x =K 1 = 1 : 7 5 at h = 0 : 2 5 .
For the m agnets wi th a smal ler gra in diam eter (0 : 9 7 ñ m ), externa l magneti c Ùeld
used for the experim ent was insu£ cient to reach the maxi mum value of the rota-
ti onal hysteresi s energy (W r ) ma x . Theref ore, the maximum value of rota ti onal hys-
teresis energy (W r ) ma x = 1092 k J=m3 ( (W r ) ma x =K 1 = 2 : 4 8 ) wa s determ ined using
extra polati on form ula [15]. Thi s m axi mum value corresponds to the reduced m ag-
neti c Ùeld h = 0 : 2 8 . Furtherm ore, a shift o f m axi mum values of ( W r ) ma x =K 1 to the
hi gher values of the externa l magneti c Ùeld (f rom h = 0 : 2 to 0.28) wi th decreasing
the gra in di ameter, is observed. The results of thi s paper are not accessibl e to an in-
terpreta ti on based on the sing le-dom ain parti cle theo ry of Sto ner{ W ohl farth [17]
(co herent ro ta ti on m odel ), Jacobs{ Bean theory [18] (i ncoherent ro tati on model,
ref erred to as f anni ng), or the m ore general Shtri kman{ Treves theo ry [19] for in-
Ùnitel y long cyl indri cal sing le dom ain parti cles of vari ous radi i ta ki ng into account
the inÛuence of incoherent m echani sms of m agneti zati on reversa l (ref erred to as
curl ing). In these models the rota ti onal hysteresi s energy emerges jum pwi se and
reaches i ts m axi mum value ( W r ) ma x in a Ùeld of h = 0 : 5 in Stoner{ Wohl farth
appro ach, or in a Ùeld h = 0 : 3 3 in tha t of Jacobs{ Bean and decreases to zero
for h = 1 . In Shtri km an{ Treves theory they are dependent on the reduced radius
S = D =D 0 (where D i s the radius of the cyl inder and D 0 | a characteri stic ra-
di us [19]). W hen S § 1 , the change in m agneti zati on occurs by coherent ro ta ti ons
of the m agneti zati on vecto r and, when S > 1 , by incoherent m echani sm. For the
Ùrst two of the above m odels, the rati o ( W r ) ma x =K 1 = 2 : 6 7 whereas for the ex-
am ined Sm{ Fe{N magnet ( W r ) ma x = K 1 vari es f rom 0.29 (in a Ùeld of h = 0 :2 for
a gra in diam eter of 8 : 6 ñ m ) to 2.48 (i n a Ùeld of h = 0 : 2 8 for a gra in di ameter
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of 0 : 9 7 ñ m). It m eans tha t for the exam ined m agnets wi th smal ler gra ins, the re-
duced Ùeld h correspondi ng to the m axi mum value of rota ti onal hysteresi s energy
( W r ) ma x appro aches the value of h = 0 : 3 3 , characteri stic of Jacobs{ Bean theo ry.
Ho wever, the ( W r ) ma x =K 1 values correspond to the S param eter varyi ng from 2.0
to 2.4 (dep ending on the gra in size), whi ch accordi ng to Shtri km an{ Treves theory
pro vi des evidence for an incoherent ro ta ti on.

4. Co m par ison of exp er i m ental r esu l t s wi t h t heor et ical d escr i p ti on

A good Ùtti ng of the exp erimenta l data of the rota ti onal hysteresis energy
can be achi eved usi ng the fol lowi ng form ula:

W r

K 1

= A

˚
H

H a

ÇÙ

exp

˚

À B
H

H a

Ç

; (2)

where A; B ; Ù are the extra polati on param eters. Thi s form ula is the general izati on
of the equati on proposed by Bryukha to v and Grintshcha r [20] (wi th Ù = 1 ) and
used in Refs. [21, 22] to describe the rota ti onal hysteresi s energy. In the paper we
have obta ined a better appro xi mati on of the theo reti cal curves to exp erimenta l
data by intro duci ng the coe£ cient Ù > 1 . In T abl e the values of A , B , and Ù coef-
Ùcients f or di ˜erent gra in diam eters are l isted. W i th a decrease in gra ins diam eter,
an increase in A; B , and Ù values is observed.

The ori gin of the rota ti onal hysteresis energy is usual ly derived from the f act
tha t the m agneti zati on vecto r M s does not keep up wi th the rotati ons of the exter-
na l m agneti c Ùeld. Akul ov [23] proved tha t the m axi mum of rota ti onal hysteresi s
energy corresponds to the tra nsi ti on from the spi ns intera cti on wi th a crysta l l ine
structure to thei r intera cti ons wi th externa l m agneti c Ùeld. Such tra nsiti on in ro-
ta ti ng externa l magneti c Ùeld may occur jum pwise, just l ike in Barkha usen e˜ect,
where jum p- li ke reori enta ti on of dom ain structure is also caused by rota ti ng ex-
terna l m agneti c Ùeld. Thi s reorienta ti on m ay also occur by separati on of m agneti c
m oments of dom ains into the local m agneti c mom ents (spi n compl exes), whi ch
di ˜erentl y intera ct wi th the crysta l l ine structure. The local m oments m ay become
the nucl ei of reversed domains, whi ch form in the areas of reduced anisotro py en-
ergy, e.g. gra in bounda ri es, phase bounda ries or incl usions of di ˜erent phases in
the area of m agneti c phase. Theref ore, the rota ti onal hysteresis for a given value
of the externa l m agneti c Ùeld is a dyna m ic equi l ibri um state between m agneti c
m oments of domains tha t strongly intera ct wi th the crysta l l ine structure and local
m agneti c m oments tha t weakl y intera ct wi th the crysta l l ine structure and whi ch
changethe di recti on of m agneti zati on. They form a mean angle ` wi th the externa l
m agneti c Ùeld.

Accordi ng to the model intro duced by Bryukha to v and Gri ntshcha r [20],
the num ber of local m agneti c m oments, whi ch fol low thi s separati on pro cess in a
ti m e-deÙned period, determ ines the amount of i rreversi ble magneti zati on reversa l
and, at the same ti m e, is interm ediatel y correl ated wi th the rotati onal hysteresi s
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energy W r . Furtherm ore, Bol tzm ann distri buti on of local magneti c m oments was
assumed:

N 1 = N exp
˚

À

Â E

N k T

Ç
; (3)

where N is the num ber of al l local m agneti c m oments in the volum e uni t (1 m 3 )
being in a m etastable state under the e˜ect of externa l magneti c Ùeld; N 1 is the
num ber of local magneti c mom ents possessing a m ean value of acti vati on energy
Â E , whi ch is necessary to overcom e the intera cti ons wi th a crysta l l ine structure
for a given value of the rota ti ng externa l m agneti c Ùeld and a m ean value of `

angle; k i s the Bol tzm ann coe£ cient; T i s tem perature. In parti cul ar, Â E in Eq. (3)
describes the increase in potenti al energy of spin compl exes, from H = 0 state to
the state wi th externa l magneti c Ùeld. For the fol lowing calcul ati ons the to ta l free
energy of the system in externa l magneti c Ùeld is assumed as

E t = E e + E a + E H + E d ; (4)

where:
{ E e | exchange energy is described as

E e = A

˚
d ˆ

dz

Ç2

; (4a)

A | exchangeconstant; ˆ | the angle between the easy di recti on of m agneti zati on
and the satura ti on magneti zati on vecto r M s ;

{ E a | anisotro py energy equal to

E a = K 1 sin 2 ˆ + K 2 sin4 ˆ ; (4b)

where K 1 and K 2 | magneto crysta ll ine ani sotro py constants;
{ E H | energy of externa l magneti c Ùeld

E H = À ñ 0 H M s cos ` ; (4c)

where ` | the angle between the satura ti on m agneti zati on vecto r M s and the
di recti on of externa l magneti c Ùeld;

{ E d dem agneti zati on energy

E d =
1

2
ñ 0 D M 2 ; (4d)

where D | dem agneti zati on coe£ cient, whi ch is equal to 1 for the di sc-shaped
sam ple in the di recti on perpendi cular to the di sc surface and M | m agneti zati on
vecto r.

The energy of externa l m agneti c Ùeld is negati ve and i ts absolute value is
greater tha n other positi ve contri buti ons of to ta l free energy [15, 24]. Theref ore,
these positi ve contri buti ons m ight be consi dered as the facto rs tha t decrease the
absolute value of to ta l free energy. T aking into account the above equati ons the
di stri buti on (3) can be modi Ùed as
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N 1 = N exp

˚
À ñ 0 M s H cos ` + 1

2
ñ 0 D M 2 + E 0

N k T

Ç

; (5)

where E 0 = E a + E e.
In order to determ ine the rota ti onal hysteresi s energy W r the fol lowi ng f or-

m ula is used:

W r =

Z
2 ¤

0

T ( È ) dÈ ; (6)

where È | the angle between the easy di recti on of m agneti zati on and the externa l
m agneti c Ùeld vector, and T denotes the to rque deÙned as

T =
N 1

N
ñ 0 H M s sin ` ; (7)

where ` | the angle between m agneti zati on vecto r and externa l magneti c Ùeld H ;
the rati o N 1 =N m eans the relati ve numb er of local m agneti c m oments tha t intera ct
wi th the crysta l l ine structure.

Because even for smal l va lues of externa l m agneti c Ùeld the m agneti zati on
vecto r rota tes to wards the di recti on of m agneti c Ùeld, the m ean value of ` angle
wa s assumed. Using Bol tzm ann distri buti on (5) and substi tuti ng (7) to (6) as well
as divi di ng by K 1 , the relati on describing norm al ized rota ti onal hysteresi s energy
W r =K 1 was achi eved as

W r

K 1

=
ñ 0 M sH

K 1

sin ` exp

˚
ñ 0 D M 2

2 N k T

Ç

È exp
ñ 0 M s H cos`

N k T

2 ¤

0

exp
E

N k T
dÈ : (8)

R egardi ng the fact tha t the m agneti zati on M depends on the externa l m ag-
neti c Ùeld the correspondi ng functi on can be wri tten as [15]

M ( H ) = M s 1
a

H
; (9)

where a | m agneti c hardness coe£ cient expressed in magneti c Ùeld uni ts. As
the magneti c hardness is m ainly correl ated wi th the coerci ve Ùeld, whi ch has the
m axi mum value equal to the anisotro py Ùeld H a, theref ore the relati on between the
ani sotro py Ùeld and coe£ cient a i s assumed as a = cH a , where c i s a constant [15].
Co nsequentl y Eq. (9) ta kes the fol lowing form :

[ M ( H ) ] 2 = M 2
s 1

2 cH a

H
+

( cH a) 2

H 2
: (10)

Assum ing x = H =cH a, the expa nsion in a series of ln( x ) functi on was used

ln ( x ) =
x 1

x
+

( x 1 ) 2

2 x 2
+ . . . +

( x 1 ) n

nx n
+ . . . (11)

The expression (11) is val id f or x > 1 =2 .
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The coe£ cient c in Eq. (10) estim ated for Sm{ Fe{N magnet wi th a grain
di ameter of 0.97 ñ m is equal to 0.045, and the condi ti on x > 1 =2 i s fulÙlled.
Theref ore, Eq. (10) is the expansion in a series of the fol lowi ng form ula:

[ M ( H )] 2
¤ À

M 2
s

2
+ M 2

s ln

˚
H

cH a

Ç

: (12)

Substi tuti on of (12) to (8) al lows us to determ ine the rota ti onal hysteresi s energy
for ful l range of the externa l m agneti c Ùeld. Furtherm ore, the exchange energy E e,
whi ch is the part o f the to ta l free energy wa s neglected, owi ng to i ts low value.
Theref ore, the Ùnal form ula describing the rota ti onal hysteresi s energy is as fol lows:

W r

K 1

=
ñ 0 M sH sin `

K 1

exp

0

@
ñ 0 D M 2

s ln
±

H

c H a

²

2 N k T

1

A exp

˚
ñ 0 D M 2

s

4 N k T

exp
ñ 0 M s H cos`

N k T

2 ¤

0

exp
E a

N k T
dÈ : (13)

Such equati on al lows us to determ ine A; B , and Ù coe£ cients occurri ng in (2)
whi ch are equal to

A =
ñ 0 M s H a

K 1

sin ` c exp
ñ 0 D M 2

s

4 N k T

2 ¤

0

exp
E a

N k T
dÈ (14)

( 2 ¤

0
exp E

N k T
dÈ m ay be num erical ly calcul ated for the exam ined m agnet),

Ù =
ñ 0 D M 2

s

2 N k T
+ 1 ; (15)

and

B =
ñ 0 M s H a cos `

N k T
: (16)

D ependence of A and Ù coe£ cients on M s and demagneti zati on energy as well as
the numb er of local magneti c m oments N was deduced f rom Eqs. (13) and (2).
Furtherm ore, the value of A coe£ cient is determ ined by the magneto crysta ll ine
ani sotro py constant K 1 ; ani sotro py Ùeld H a as well as the ` angle. Mo reover,
dependence of B coe£ cient on the ani sotro py Ùeld H a, ` angle, numb er of local
m agneti c m oment N and satura ti on of magneti zati on M s was evi denced. Ho wever,
the B coe£ ci ent is not related to dem agneti zati on Ùeld of the sampl e. General ly,
al l three coe£ cients, A; B , and Ù , depend on the tem perature T .

In order to veri fy the pro posed model of ro ta ti onal hysteresis energy as
an exampl e, the fol lowi ng calcula ti ons were perform ed for the Sm{ Fe{N m ag-
net wi th a gra in di ameter of 0.97 ñ m . Using form ula (15) and ta ki ng the value
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T AB LE

T he A , B , and Ù coe£cients of Eq. (2) for Sm{F e{N magnet
w ith di˜erent grain diameters.

Grain diameters A B Ù

D [ñ m ]

8.6 24.83 8: 44 1. 69

3.3 445.85 11.19 2. 41

2.2 956.32 11.75 2. 65

1.6 2312.66 11.99 3. 01

0: 97 19991.49 14.56 3. 87

of Ù = 3 : 8 7 (T able), T = 3 0 0 K, and ñ 0 M s = 0:696 T, the to ta l numb er of lo-
cal m agneti c m oments per volum e uni t (1 m 3 ) was calcul ated for thi s magnet
N = 1 :3 È 1 0 2 5 .T o conÙrm the calcul ati ons presented above, the num ber of lo-
cal m agneti c m oments was com pared wi th the num ber of ato m s tha t give the
contri buti on to the satura ti on magneti zati on. From M�ossbauer spectroscopy i t re-
sul ts tha t the exam ined Sm{ Fe{N magnet consists of three phases: Sm2Fe1 7N0 : 86,
SmFe5 , and ˜ -Fe, theref ore the contri buti on to the to ta l m agneti zati on only com es
from Fe atom s. For Sm2 Fe1 7 Nx com pound wi th x < 1 , the estimated volume of
the uni t cell V ¿= 8 : 0 È 1 0 À 2 8 m 3 and the numb er of Fe ato ms in the uni t cell
n = 5 1 . For SmFe5 phase, the numb er of Fe ato m s in the uni t cell n = 5 and
the volum e of the cell V = 1 : 0 2 È 1 0 À 2 8 m 3 . However, for ˜ -Fe phase n = 2 and
V = 0 : 2 3 1 0 2 8 m3 , respectivel y. Co nsidering the volum e fracti on of parti cul ar
m agneti c phases v 1 = 0 :3 for Sm2 Fe1 7 N0 : 8 6 ; ¡ 2 = 0 :6 for SmFe5 , and ¡ 3 = 0 : 1 for
˜ -Fe (determ ined from X- ray di ˜ra cti on and M�ossbauer spectroscopy), the to ta l
num ber of Fe ato m s in the volum e uni t (1 m 3 ), givi ng the contri buti on to e˜ecti ve
m agneti zati on N Fe = 5:7 1028, was calcul ated. Thi s numb er is about three ti m es
larger tha n the numb er of local m agneti c m om ents N . Thi s is the interm ediate
pro ve tha t evaluated calcul ati ons are correct.

The pro posed m odel of ro tati onal hysteresi s energy described by Eq. (2)
gives better agreement of experim ental resul ts wi th the theo reti cal curves tha n
the models presented in [20, 21] for a wi de range of the externa l m agneti c Ùelds.
The agreement results from the intro ducti on of Ù exponent in Eq. (2) and the
addi ti onal energy term s such as: demagneti zati on energy E D , magneto crysta ll ine
ani sotro py energy E a as wel l as the exchange energy uni t E e.

Al l the m odels of the m agneti zati on reversa l process are derived from the
m inim izati on of the tota l free energy of the magnet. However, they do not give
a strong evi dence, whi ch m echanism is responsibl e for the magneti zati on reversa l
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pro cess in the magnet: nucl eati on of the reversed dom ains or pi nning of dom ain
wa lls. Signi Ùcant f actors, al lowing to determ ine whi ch of the m agneti zati on rever-
sal processesis predom inant, are the m icro structure pro perti es. These pro perti es
suggest tha t the pinni ng mechani sm is acti ng in the case of sing le phase m agnets,
and on the other hand, in the m ul tipha se sam ples, the nucl eati on of reversed do-
m ains is predom inant. The Sm{ Fe{N m agnet studi ed in thi s paper consi sts of two
hard magneti c pha ses: Sm2Fe17N0 : 86 and SmFe5 , as wel l as ˜ -Fe soft m agneti c
phase, whi ch ha ve a much smal ler value of crysta l l ine ani sotro py energy tha n
hard m agneti c phases. Thus, the areas where ˜ -Fe occurs, as well as phase bound-
ari es and gra ins bounda ri es are simi lar to tho se analyzed in Kro nm �ul ler nucl eati on
m odel [25]. Theref ore, there is a large probabi l i ty of form ing local m agneti c m o-
m ents tha t fol low the above described rota ti onal hysteresi s energy model. Thus
the m agneti zati on reversal pro cessin the exam ined m agnets is condi ti oned by the
nucl eati on of reversed dom ains.
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