|

) <

The University of Osaka
Institutional Knowledge Archive

Tale EXAFS and X-ray Diffraction Studies of Iron Ions
in 0.2(Fe203) - 0.8(Naz0 - 2Si02) Glass

Author (s) %gﬁﬂg;or Nobuya; Umesaki, Norimasa; Atsumi,

Citation |Transactions of JWRI. 1986, 15(1), p. 165-167

Version Type|VoR

URL https://doi.org/10.18910/7129

rights

Note

The University of Osaka Institutional Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

The University of Osaka



EXAFS and X-ray Diffraction Studies of Iron Ions in
0.2(Fe:0;) - 0.8(Na O - 2Si0;,) Glass T

Nobuya IWAMOTO*, Norimasa UMESAKI*#* and Takuya ATSUMI***

KEY WORDS: (Structure) (Iron Ion) (Sodium Disilicate Glass) (EXAFS) (X—ay Diffraction)

Silicate-based glasses are very interesting materials
because of their broad applications as well as their re-
markably high solubility for numerous metal oxides.
Especially, the silicate glasses containing iron oxides play
an important role in various fields such as slag or flux in
metallurgical or welding process, and magnetic materials
in glass industry. It is well known that trivalent iron ions
can take two different coordination states in silicate
crystals, i.e. tetrahedral and octahedral oxygen coordina-
tion states. Although the oxygen coordination states
around trivalent iron ions in silicate glasses have been
extensively studied by many investigators')~1%) using
various techniques, the coordination states have not been
fully clarified. For instance, Bamford" reported that the
trivalent iron ijons in sodium silicate glasses are in
octahedral symmetry from his optical data, but Steele et
al? suggested that tetrahedral coordination is most con-
sistent with their data. On the other hand, the conclusions
drawn from Mossbauer data measured were also different:
Pargamin et al.?) concluded the ferric ions are tetra-
hedrally coordinated. Morinaga et al.9 suggested that
trivalent iron ions in sodium silicate glasses are in both
octahedral and tetrahedral coordination.

The phenomenon of EXAFS (Extended X-ray Absorp-
tion Fine Structure) refers to the oscillatory modulation
of the X-ray absorption coefficient as a function of the
X-ray photon energy beyond the absorption edge. The
existence of such as extended fine structure have been
known and treated theoretically in 1930’s by Kronig'?.
Recent developments initiated by the work of Sayers,
Stern and Lytle!?) have led to the recognition of the
structural content of this technique. The outstanding
feature of EXAFS is that it can determine the structure of
the local environment around a central atom in crystal-
line and/or noncrystalline materials. Many substances for
which X-ray diffraction is not feasible can be probed by
the EXAFS technique'?.

Therefore, we prepared a laboratory X-ray absorption

spectrometer consisting of a Johansson-cut bent crystal, a
rotating anode X-ray generator and a scintillation counter.
In order to study the oxygen coordination state of ferric-
ions in sodium silicate glasses, we have made a structural
analysis of 0.2(Fe,03)-0.8(Na,0-28i0,) glass by
EXAFS and X-ray diffraction techniques.

The starting materials used were reagent grade
powders Na,COs, SiO, and a-Fe,O;. 5-15 g batch was
melted in a platinum crucible in air using an SiC electric
furnace. Melting temperature was 1200°C and melting
time was 2h. In order for glass sample to be obtained the
melt had to be dipped in cold water using a platinum
crucible.

The geometry of a focusing X-ray absorption spectro-
meter that has been developed in our laboratory adopted
at this EXAFS’ measurement. It is controlled by a micro
computer including this equipment. Line-focus X-ray are
produced in a Rigaku RU-200 12 kVA rotating anode
generator.

Fe(K) edge EXAFS spectra of Fe, a-Fe,Oj.and
0.2(Fe,03)-0.8(Na,0-28i0,) glass are shown in Fig. 1.
Since in actual practice an EXAFS spectrum is taken over
a fine energy range, the Fourier transform that is actually
taken is

F() = fe ™ W()K® x(k) exp(~2ikr) di

= ﬁ;“;" W ()K" x (k) cos (2kr) dk —

LT W K" (K sin (k) dk— (1)
IF@) | =+v/(ReF(r))? + (ImF(r))? )

where Kpax and Kpi, are the maximum and minimum
electron wave vector k values of the usable experimental
data, x(k) = [I(k) — Lo(k)] /Io(k) is the fine structure part
of the EXAFS spectrum, and W(k) is a window function
which when multiplied to the integrand converts our finite
data set to an infinite set which is necessary for Fourier
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Fig. 1 EXAFS spectra for K Fe-edge in Fe, a-Fe, O,
and 0.2(Fe, 0,)-0.8 (Na, 0-25i0,) glass. -
transform, and k™ is a weighting function used to com-
pensate for amplit'ude reduction as a function of k. Figure
2 shows the Fourier transform of the EXAFS spectrum of
0.2(Fe,03) 0.8 (Nay 0-28i0,) glass. As shown in this
figure, the first peak is due to the nearest neighbor Fe-O
pairs in this glass. Phase factor is not taken into account.

The x(k) pattern is represented by
x (k) = (m/4nh’k) Z(N;/R;*)f (k) exp (—R;/A; )
3

where m is the electron mass, 4 is Planck’s constant, N; is
“the number of atoms in the i-th coordination sphere, R; is
the average distance from the absorbing atom to the i-th
atom, fj(k) is the backscattering matrix element en-
countered by electrons, 8;(k) is the mean free path of the
electron, the second exponential term containing root-
mean-square fluctuation o; the Debye-Waller type term
and sin [2kR; + 26;(k)] is the interference term, 8;(k)
being the phase shift. Therefore, as shown in Fig. 3, the
atomic distance and coordination number of the nearest
neighbor Fe-O pairs were determined in detail with using
curve fitting of kx(k) data. The extent of fitting were
evaluated by the following equation:

Rfador =2l Ikx (K)obs - IkX(k)cal I
[ Z lkx(K)ops | 4

By the use of modified phase shift and backscattering

sin [2kR; + 28;(k) ] exp(—2k?o?)

166

.
L A .
o
- .
= 0-00 < R
< o
~ B t
.
.
-0.02 |~ T
-0.04 | L 1 L | 1 1 1
3 5 7 9 11 13

o
k (a-h)

Fig. 3 Fit of the theory (dotted line) to the filtered
experimental kx(k) (solid line) for 0.2(Fe,O,)
-0.8 (Na, O-28i0,) glass.

amplitude values (Rg,cior= 0.26), the structural parameters
(bond length, coordination number and Debye-Waller
factor) of the nearest neighbor Fe-O pairs were determin-
ed as indicated in Table 1. The obtained bond length and
coordination number, 1.96 A and 5.88, in 0.2(Fe,0;)-
0.8(Na, 0-28i0,) glass suggested that the iron ions are
almost in octahedral coordination. Fig. 4 shows RDF
(Radial Distribution Function) D(r)/r curve of 0.2
(Fe;03)-0.8 (Na, 0-28i0,) glass. It is well known that
the D(r)/r curve can be described with symmetric Gaus-
sian peaks. As shown in this figure, the D(r)/r curve has
been deconvoluted in several Gaussian peaks by curve fitt-
ing technique. The peaks at 1.645 A, 1960 A, 2.282 A,
2.619 A and 3.173 A are due to the bond lengths of the
nearest neighbor pairs Si-O, Fe-O, Na-O, 0-O and Si-Si,
respectively. Therefore, the Fe-O bond distance of 1.96 A
obtained from EXAFS data was in good agreement with
the value of 1.96 A derived from the X-ray diffraction
analysis.
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Table 1 Structural parameters (bond length, coordination number and Debye-Waller factor) of nearest neighbor

Fe-O pair.
Observed % >
Sample Fe-0 ° CN g Measurement
~distance (A) (atoms)  (A)
a—Fe203 1.91 6 X—ray14)
2.06
0.2(Fe.0.) O.8(Na20 1.96 5.88 Q.06 EXAFS  mhis work
ZSiOZ) glass 1.96 _— _— X-ray
0.2(Fe,05) 0.8(Na,0 1.96 6 0.061 gxars' 0
28i02) glass
Oxidized sodium 15)
silicate glass (3wt%Fe) .91 EXAFS
Oxidized sodium 1.89 tetrahedral EXAFS15)

silicate crystal

(3wtsFe) 2.00 octahedral

*CN: Coordination number

** g: Debye-Waller factor
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