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Abstract

β-FeSi2 and β-Co0.07Fe0.93Si2 thermoelectric silicides were synthesized from Fe2O3 and

Si powders using a magnesiothermic process. Detailed study of the reaction mecha-

nism by X-ray di�raction reveals that liquid Mg is mandatory to initiate the reduction.

After completion of the reaction in relatively short time (10 h at 1173 K), the mag-

nesiosynthesized iron disilicides are characterized as powders with grain sizes ranging
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from 30 to 400 nm and containing a high concentration of stacking faults quanti�ed for

the �rst time using a dedicated re�nement software. The thermoelectric properties of

spark plasma sintered pellets with submicrometric grain sizes, high stacking fault den-

sity and residual micro- to nanoporosities are presented and compared to corresponding

materials synthesized by conventional arc-melting process. Strong thermal conductiv-

ity reduction of 20 % at 773 K has been achieved thanks to the mesostructuration

induced by the magnesioreduction. It results in an improved maximum �gure-of-merit

ZT reaching 0.18 at 773 K for β-Co0.07Fe0.93Si2.
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Figure S1: Le Bail re�ned powder XRD pattern of Co0.14Fe1.86O3. The experimental data
are plotted in red symbols, the calculated one in black line and the di�erence in blue line.
The vertical ticks indicate the theoretical Bragg peak positions of Fe2O3.
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Figure S2: Rietveld re�ned XRD patterns of the magnesioreduced β-FeSi2 samples at various
stages of the reaction: the precursor mixture (a) and the reaction media after (b) 6 h, (c)
7 h, (d) 8 h, (e) 9 h, (f) 11 h, (g) 15 h and (h) 19 h. The experimental data are plotted
in red symbols, the calculated one in black line and the di�erence in blue line. The vertical
ticks indicate the theoretical Bragg peak positions for Si (black), Fe (red), FeSi (green),
α-Fe1−δSi2 (bright blue), β-FeSi2 (dark blue), FeO (purple), Mg2Si (pink), Fe2SiO4 (yellow),
MgO (orange).
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Table S1: Structural parameters for β-FeSi2 (s.g. Cmce) obtained from the Rietveld re-
�nement of the XRD patterns in �g. S2. For patterns (a) to (f), the scale factor, lattice
parameters and peak pro�le coe�cients are the only re�ned parameters. The atomic coor-
dinates are taken from Ref.1 while the isotropic atomic displacement parameters are set to
0.2 Å2 for Fe- and Si-atoms. For patterns (g) and (h), the atomic coordinates are re�ned
and the peak shapes of the re�ections ful�lling the condition k+l 6=2n have been broadened
using individual re�ned coe�cients.

Pattern a (Å) b (Å) c (Å) Vol. Fraction (%)

(b) 9.921(3) 7.812(3) 7.835(3) 11(1)
(c) 9.912(1) 7.818(2) 7.830(1) 26(1)
(d) 9.9032(6) 7.8144(6) 7.8280(6) 26(1)
(e) 9.9000(5) 7.8131(5) 7.8267(5) 32(1)
(f) 9.8994(5) 7.8119(5) 7.8265(5) 41(1)
(g) 9.9007(4) 7.8098(4) 7.8291(4) 52(1)
(h) 9.8979(4) 7.8130(4) 7.8255(4) 54(1)

Si (16g) Si (16g) Fe (8d) Fe (8f )
Pattern x y z x y z x y z

(b) 0.1273 0.0450 0.2739 0.1282 0.2746 0.0512 0.2146 0.3086 0.3149
(c) 0.1273 0.0450 0.2739 0.1282 0.2746 0.0512 0.2146 0.3086 0.3149
(d) 0.1273 0.0450 0.2739 0.1282 0.2746 0.0512 0.2146 0.3086 0.3149
(e) 0.1273 0.0450 0.2739 0.1282 0.2746 0.0512 0.2146 0.3086 0.3149
(f) 0.1273 0.0450 0.2739 0.1282 0.2746 0.0512 0.2146 0.3086 0.3149
(g) 0.124(2) 0.043(2) 0.276(2) 0.126(2) 0.275(2) 0.0489(2) 0.216(1) 0.306(2) 0.311(2)
(h) 0.124(3) 0.042(3) 0.274(3) 0.127(3) 0.273(3) 0.051(3) 0.216(1) 0.309(2) 0.313(2)

Table S2: Structural parameters for Fe (s.g. Im 3̄m) obtained from the Rietveld re�nement of
the XRD patterns in �g. S2. The scale factor, lattice parameter and peak pro�le coe�cients
are the only re�ned parameters. The atomic coordinates are taken from Ref.2 while the
isotropic thermal displacement parameter is set to 0.3 Å2.

Fe (2a)
Pattern a (Å) Vol. Fraction (%) x,y,z

(a) 2.8603(4) 17(1) 0
(b) 2.8681(3) 13(1) 0
(c) 2.8691(1) 19(1) 0
(d) 2.8694(2) 9(1) 0
(e) 2.867(1) 3(1) 0
(f) 2.867(1) (2) 0
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Table S3: Structural parameters for Si (s.g. Fd 3̄m) obtained from the Rietveld re�nement of
the XRD patterns in �g. S2. The scale factor, lattice parameter and peak pro�le coe�cients
are the only re�ned parameters. The atomic coordinates are taken from ref3 while the
isotropic thermal displacement parameter is set to 0.5 Å2.

Si (8a)
Pattern a (Å) Vol. Fraction (%) x, y, z

(a) 5.435(4) 20(1) 1/8
(b) 5.4308(4) 16(1) 1/8
(c) 5.4304(3) 16(1) 1/8
(d) 5.431(1) 6(1) 1/8
(e) 5.431(1) 4(1) 1/8
(f) 5.430(1) 1(1) 1/8
(h) 5.431(1) 1(1) 1/8

Table S4: Structural parameters for FeSi (s.g. P213) obtained from the Rietveld re�nement of
the XRD patterns in �g. S2. The scale factor, lattice parameter and peak pro�le coe�cients
are the only re�ned parameters. The atomic coordinates are taken from Ref.4 while the
isotropic thermal displacement parameters are set to 0.2 Å2 for Fe- and Si-atoms.

Fe (4a) Si (4a)
Pattern a (Å) Vol. Fraction (%) x,y,z x,y,z

(a) 4.4813(4) 33(1) 0.3860 0.0917
(b) 4.4804(4) 39(1) 0.3860 0.0917
(c) 4.4849(5) 32(1) 0.3860 0.0917
(d) 4.4867(1) 26(1) 0.3860 0.0917
(e) 4.4851(2) 18(1) 0.3860 0.0917
(f) 4.4844(2) 12(1) 0.3860 0.0917
(g) 4.4839(2) 4(1) 0.3860 0.0917
(h) 4.4848(2) 4(1) 0.3860 0.0917

Table S5: Structural parameters for MgO (s.g. Fm 3̄m) obtained from the Rietveld re�ne-
ment of the XRD patterns in �g. S2. The scale factor, lattice parameter and peak pro�le
coe�cients are the only re�ned parameters. The atomic coordinates are taken from Ref.5

while the isotropic thermal displacement parameters are set to 0.3 Å2 for Mg- and O-atoms.

Mg (4a) O (4b)
Pattern a (Å) Vol. Fraction (%) x, y, z x, y, z

(c) 4.215(3) 1(1) 0 1/2
(d) 4.2134(4) 22(1) 0 1/2
(e) 4.2149(1) 31(1) 0 1/2
(f) 4.2152(3) 37(1) 0 1/2
(g) 4.2157(3) 40(1) 0 1/2
(h) 4.2160(6) 40(1) 0 1/2
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Table S6: Structural parameters for Mg2Si (s.g. Fm 3̄m) obtained from the Rietveld re�ne-
ment of the XRD patterns in �g. S2. The scale factor, lattice parameter and coe�cients
for peak pro�le functions are the only re�ned parameters. The atomic coordinates are taken
from Ref.6 while the isotropic thermal displacement parameters are set to 0.3 Å2 for Mg-
and Si-atoms.

Mg (8c) Si (4a)
Pattern a (Å) Vol. Fraction (%) x,y,z x,y,z

(d) 6.357(1) 12(1) 1/4 0
(e) 6.357(1) 12(1) 1/4 0
(f) 6.357(1) 8(1) 1/4 0
(g) 6.360(1) 4(1) 1/4 0
(h) 6.356(1) 1(1) 1/4 0

Table S7: Structural parameters for FeO (s.g. Fm 3̄m) obtained from the Rietveld re�ne-
ment of the XRD patterns in �g. S2. The scale factor, lattice parameter and peak pro�le
coe�cients are the only re�ned parameters. The atomic coordinates are taken from Ref.7

while the isotropic thermal displacement parameters are set to 0.3 Å2 for Fe- and O-atoms.

Fe (4a) O (4b)
Pattern a (Å) Vol. Fraction (%) x,y,z x,y,z

(a) 4.299(2) 3(1) 0 1/2

Table S8: Structural parameters for α-FeSi2 (s.g. P4/mmm) obtained from the Rietveld
re�nement of the XRD patterns in �g. S2. The scale factor, lattice parameters and peak
pro�le coe�cients are the only re�ned parameters. The atomic coordinates are taken from
Ref.8 while the isotropic thermal displacement parameters are set to 0.3 Å2 for Si- and
Fe-atoms. Relative occupancy of the Fe (1a) position is set to 0.8.

Fe (1a)[0.8] Si (2h)
Pattern a (Å) c (Å) Vol. Fraction (%) x,y,z x,y z

(a) 2.6855(4) 5.145(1) 19(1) 0 1/2 0.27
(b) 2.6882(6) 5.138(1) 10(1) 0 1/2 0.27
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Figure S3: FAULTS re�ned powder XRD patterns of the sintered MR β-Co0.07Fe0.93Si2 (red)
and AM β-Co0.07Fe0.93Si2 (green). The experimental data are plotted in colored symbols,
the calculated one with a black line and the di�erence with a blue line. The vertical ticks
indicate the Bragg peak positions for β-FeSi2 (black) and FeSi (red). The inset is a close up
view of the (312) re�ections showing the di�erent peak broadening between both samples.
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Table S10: Lattice parameters, atomic coordinates, isotropic displacement parameters and
stacking fault probability (SF) extracted from the Rietveld re�nements of sintered MR and
AM β-FeSi2 and MR and AM β-Co0.07Fe0.93Si2 XRD patterns.

MR-FeSi2 AM-FeSi2 MR-Co0.07Fe0.93Si2 AM-Co0.07Fe0.93Si2
a (Å) 9.89104(6) 9.87518(4) 9.91176(8) 9.91200(4)
b (Å) 7.81612(4) 7.79980(3) 7.81410(4) 7.81500(4)
c (Å) 7.84209(3) 7.83727(2) 7.84084(5) 7.84060(3)

x 0.126(1) 0.126(1) 0.122(1) 0.122(1)
Si (16g) y 0.046(1) 0.045(1) 0.045(1) 0.044(1)

z 0.272(1) 0.274(1) 0.274(1) 0.274(1)

x 0.129(1) 0.128(1) 0.130(1) 0.130(1)
Si (16g) y 0.273(1) 0.275(1) 0.274(1) 0.274(1)

z 0.049(1) 0.050(1) 0.048(1) 0.048(1)

Fe1 (8f ) y 0.308(1) 0.309(1) 0.307(1) 0.308(1)
z 0.313(1) 0.313(1) 0.311(1) 0.311(1)

Fe2 (8g) x 0.216(1) 0.216(1) 0.217(1) 0.217(1)

SF (%) 10.7(2) 3.7(1) 10.4(1) 3.2(1)
Biso Fe (Å2) 0.3(1) 0.4(1) 0.6(1) 0.2(1)
Biso Si (Å2) 0.1 0.1(1) 0.4(1) 0.1(1)
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