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Fig. 67. Mny_[FeSm. Magnetic phase diagram in Fig. 68. Mn,_,FeSn,. Hyperfine fieldHy,, at *Fe at
composition - temperature plarfe [983S4]. P: paramag3 K and 77 K plotted against the composition
netic, AF: antiferromagnetic. |1 to IV label the parameter x. Solid symbols show the values obtained
magnetic-structure types. In the first two, the atomidy [82L1] at 86 K and 4.2 K, respectively [93S2,
moments align parallel within each of (110) plane§9334].

which, in turn, are arranged as + — + —in type | but as

+ + — —in type Il. Types Ill and IV are those shown

in Fig. 107 (a) and (b), respectively.

350 T
Mn,, Co, Sn,
300 \
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= |\
—~
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g N7, p o1
§150 fé Fig. 69. Mn,_,Co,Sn,. Magnetic phase diagram in a
£ AF] N composition - temperature plane. The data were ob-
- 100 tained from dc 1, 2) and ac 8) susceptibility meas-
Y urements. The temperature below which the field
N N cooling effect is observed is also plotte)l [90S1]. P:
50X ’,,‘a.\._\rg paramagnetic; SG: spin glass; AF: antiferromagnetic.
AFIIA‘ N —.. Magnetic structure types | and Il are described in the
0 caption of Fig. 67.
0 0.2 0.4 0.6 08 1.0
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1.5.4.5 Fe alloys and compounds
1.5.4.5.1 Alloys and compounds with C and Si

The Fe_Mn,Si system has attracted much attention, since in this rangg iBeferromagnetic, the
Heusler alloy FeMnSi has a complex magnetic behaviour, and$ris antiferromagnetic.
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Survey

Composition x Properties Figure Table
(Feo.Mno3)1Cx  0...0.036 Tn(X), Tu(X) 70
(Fer_xNiy)g2Cs 0..04 xT magnetic phase diagram 71
(Fe_,Siy)sSi 0.06 NMR-ON spectra dfCo 72

0.035 M?(Q), Q| [110] 73
Fe,,Cr,Si 0.1...04 Pm(X) 74

0...0.4 Hhyp(X) 75
Fes_Mn,Si 12,15 XadT;X) 76

1.70, 1.75 H(T;X) 77

0...0.3 Hpyp(X) 78

0.32 D(T) 79

0.9...1.5 a(T;x) 80
FeMn,,V,Si 0..1 Pm(X), Pm ef(X), Tc(X), O(X) 81
Fe,_,Co,Si 0...1.8 Hpyp(X) 82

0...2 I(x) of Méssbauer spectrum 83

0...2 K1(x) 84
FeSi IND(T)1 a 85 8
FeSp ab,c 8
Fe._Mn,Si 0.2...0.97 a(T;x) 86
Fe_CoSi 0...0.60 a(T;x) 86

0.1...0.7 o(T), X;(T) 87

0.1...0.7 Pat(X), Pert(X) 87

0.4 spin density map 88

0.2 Ino(H) 89

0.2 a(H), Hy(6) 90

0.2 T-H magnetic phase diagram 91

0.2 ESRw(H,) 92

Table 8. Supplement to Table 9 in LB I11/19C, subsect. 1.5.4.5.1. Magnetic and related properties of
FeSi[88T) and FeSi[71D1].

FeSi FeSi
T > 937 °C[[90m] T <982 °C[90m]
Crystal structure cubic B20 tetragonal orthorhombic
tP3, P4/mmm 0C48, Cmca
Phase name (qora (gorp
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FeSi FeSi
a[A] 4.500 [63W] 2.684 9.863
b [A] 7.791
c[A] 5.128 [91V] 7.833
Magnetism temperature-induced para remanence magnetization
of 0.01 G afl < 100 K for
p-type semiconducting
compound|[94A]
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Fig. 70. (F& 7Mng.3)1_,Cx. Composition dependence _. ) . .

of the Néel temperatur@y and another transition 719- 71- (F&-xNix)ooLCoos Magnetic phase diagram
temperatureT,, below which cooling in a magnetic IN @ composition - temperature plane of the FCC
field of 50 Oe leads to a higher value of the magnetig!!0y- P: paramagnet, F: ferromagnet; WF: weak
susceptibility than zero-field cooling, as determined®romagnet; SG: spin glassl) (Arrott plots; @) ac
from susceptibility measuremenis [88S2]. susceptibility; 8) Mossbauer effect [862].
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Fig. 73. Fe 9esSi0.035 Wave-vector dependence of the
10 integrated paramagnetic-scattering intensity of pola-
T\b\ rized neutrons. The data at temperaturesT;10pen
" -8 circles) and 1.25 (solid circles), wherd@c = 1032 K
% 02 03 04 s is the Curie temperature, @= (2r/a)(1+{,1+{,0) are
¢ plotted against the relative wave vectdr after
\ converted intdV*(Q), the Fourier transform of spatial
N distribution of squared magnetic moment. The
"~ phonon scattering at the respective temperatures is
used in the calibration. The reciprocal lattice vector
d'(110) = 3.07 A at Tc. The curves are the fits to the
‘ = Lorentzian expression dfi*(Q). The inset shows the
same plots up to the Brillouin zone boundary [§6S2].
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Fig. 72. FeyoSioos NMR spectra of°Co doped in moment determined through _extrapolation fro_m
o : : . " magnetic measurements, while the sublattice

the alloy. Resonance intensities detected throuerﬁagnetic moments are determined from neutron

NMR-ON (oriented nuclei) technique as the destruc- owder diffraction [04WIL]. See 1.5.4.1 Introduction

tion rate (%) of the nuclear orientation are plotteo? r the sublattices of D;Otybe of ch/s.ta.I structure of

against the rf frequency. Measurements were (:arrie}ﬁis compound

out at about 0.009 K, with a frequency modulation o '

+ 0.5 MHz in a magnetic field of 2 kOe along <111>

and <100> direction$ [9002].

350 100
\ . ].2:““.....0.0;;0%0“" ‘
Fe,, Cr,Si ool ©° % Fey, Mn,Si

S O‘ ° ce x=15 s
300 T 80— ERN
g /] 1 R N
= T ‘O o
L& 250 6 A T z E 60 : [ :
-:‘é ‘ [ g o® .
2 53 1 1 : .
i3 4 | & o s .
E 200 ! RS ;" .
= = °
= 3 g :
3 s

150 A2 t

° D)

i .
100 0 Oang L IONTSY
0 0.1 0.2 0.3 04 50 90 130 170 210 250
Fe,Si Cr content x

Temperature T [K]

Fig. 75. Fe; ,CrSi. Dependence of hyperfine fields Fig. 76.  Fe; Mn,Si. x=1.2,1.5. Temperature
Hnyp at the®’Fe atoms on the Cr concentration. Thedependence of the real part of the ac susceptibility.
fields were derived from Mdossbauer spectra at roonihe data were taken in an rms magnetic field of about

temperature. The numerals in the figure refer to thd Oe with frequency 433 Hz [91€2].
number of nearest-neighbour Fe atoms [93S1].
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Fig. 77. F&Mn,Si. x = 1.75, 1.70. Temperature F19- 78. F&.Mn,Si. Dependence of the average
dependence of the magnetic field, at which a Nyperfine fieldsHy,, at>’Fe atoms on the Mn concen-
transition between spin-glass-like to an apparentijfation, as derived from Mossbauer spectra at 80 K
ferromagnetic state takes place) increasing applied lar::j SOO'tK. Thg thhlghler f|el(:_s .goriesf\ong to b? tst'_Ub'
field; (2) decreasing applied field [93A1]. attice_sites and the lower fields to A, C sublattice
@) g.app ] sites ]. See 1.5.4.1 Introduction for sublattices.
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coefficienta [89P1].

Landolt-Bdrnstein
New Series 111/32C



Ref. p. 59 1.5.4 3d elements and C, Si, Ge, Sn or Pb 45

500
FeSi |
L
400
;‘% 300 J /% 1
CILJ b
>
g 200 J%/
= /
100 %
0
100 200 300 400 500 600
Temperature T [K]
15.0 i T
(=04 _\FeHCoXSli10
12,5 0.1
’ I~
02 187
"o 10.01y =2
e S
S =
5 0.2 /%* 678
c 75 =
=4 =
IS 5
RN / 0.4 14 8
S 50 2
g 74
=
25 y\ />< — 2
™~
0 I~ 0
0 50 100 150 200 250 300
a Temperature T [K] -
8
|
1.0 / 6
/ peff/:[_)ar

0.8 \ 7< 4
0.6
peﬁ\\ 2
0.4 / \ 0
0.2 P
s ”\ﬁ\
0

0 0.2 0.4 0.6 0.8 1.0
[ FeSi Co content x CoSi

Magnetic moment p,,, p.¢ [My(3d-atom) ]

Landolt-Bornstein
New Series 111/32C

Magnetic moment ratio p, /p,,

Fig. 85. FeSi. Temperature dependence of the
integrated line intensity in a polarized-neutron
magnetic scattering experiment. The intensity data
(open circles) were obtained from constgnspectra

at (1+{, 1+¢, 0) and found to be independent &f
Solid circles:M? determined from Lorentzian fitting
of the spectra[[88T1]; solid line:kdTx from static
magnetic susceptibility data Hy [67J1].
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the magnetic fieldH along the [110] direction. The critical field for induced ferromagnetic spin structure.
compound has a helical spin structure b= 0. C: The broken curve shows the theoretical curve for a
conical arrangement of the spins; IF: field-inducedelical spin resonance based on the antisymmetric
ferromagnetism; P: paramagnetism; "A": unknownexchange interaction of the Dzyaloshinski-Moriya
spin structure with a dip of magnetization. The chainype. The frequency is expressed in termsJdof, the
line within the C region indicates a reorientation ofangular frequency divided by the magnetomechanical
the propagation vector of the cone-type magneticatio of a free electrof [89W1].

structure to the direction of the applied magnetic

field, when it is not along the field initially [9011].

1.5.4.5.2 Alloys and compounds with Ge

The existence of two successive magnetic transitions in Fe@ebeen established by [8&nd

the proposed collinear spin structure at lower temperature range seems to be supported theoretically
[91G1], but it is still the subject of active discussion, because neither the anisotropy of magnetic
susceptibility nor the magnetization curves in strong magnetic fields are consistent with the collinear

spin structure| [89F]. For the related ternary compound, E€o,Ge it is claimed|[[88H that crystal

defects increase in the single-crystal specimens as x increases. This may lead to another complication

for the physical properties of these compounds.
In the series of ternary compounds; R€¢,Ge, doubly ordered cubic, LZHeusler alloy) type of

crystal structure has been established through pulsed neutron powder diffraction at room temperature
for x = 0.6, 0.8 and 1.0. The latter compound contains a small amount of undetermined second phase

[00B1].
Survey
Composition x Properties Figure Table
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