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Abstract

This paper examines the structural changes with temperature and composition in the Sc,Si>O;—Y»Si,0; system; members of this
system are expected to form in the intergranular region of SisN, and SiC structural ceramics when sintered with the aid of Y,05 and
Sc,05 mixtures. A set of different compositions have been synthesized using the sol-gel method to obtain a xerogel, which has been
calcined at temperatures between 1300 and 1750 °C during different times. The temperature-composition diagram of the system,
obtained from powder XRD data, is dominated by the f-RE,Si,O polymorph, with y-RE,Si,O, and 4-RE,Si,07 showing very reduced
stability fields. Isotherms at 1300 and 1600 °C have been analysed in detail to evaluate the solid solubility of the components. Although,
the XRD data show a complete solid solubility of f-Sc,Si»O; in f-Y,Si,O; at 1300 °C, the *Si MAS-NMR spectra indicate a local
structural change at x ca. 1.15 (Sc,_, Y, Si,05) related to the configuration of the Si tetrahedron, which does not affect the long-range
order of the -RE»Si,O5 structure. Finally, it is interesting to note that, although Sc,Si»O7 shows a unique stable polymorph (), Sc** is
able to replace Y>* in y-Y,Si,0; in the compositional range 1.86<x<2 (where x is Sc,_,Y.Si»O;) as well as in 6-Y,Si,O; for

compositions much closer to the pure Y,Si,O-.
© 2007 Elsevier Inc. All rights reserved.
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1. Introduction

When SisN4 and SiC structural ceramics are sintered
with the aid of RE oxides (RE = lanthanides, Y and Sc), a
glassy RE disilicate phase (RE,SiO) forms at the grain
boundaries and, upon crystallization, the material shows
improved high-temperature mechanical properties [1-9].
Knowledge of the crystalline structures adopted by the
RE>Si,0O7 intergranular phase at different temperatures
and RE contents is therefore of great value in under-
standing the behaviour of these materials. The high-
temperature strength and oxidation resistance of SizNy
and SiC are correlated with the cationic radius of the RE
cation in the oxide additives, such that the smaller the RE
cationic radius the better the properties of the ceramic
[6,10]. Three RE oxides, Y->O3, Lu,O3 and Sc,O;, have
shown the highest flexural strength values. This paper aims
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to examine the structures with temperature and composi-
tion in the Sc,Si,07-Y,Si,O; system; members of this
system are expected to form in the intergranular region of
SizNy4 and SiC structural ceramics when sintered with the
aid of Y,0O3 and Sc,O; mixtures. Structural studies on the
analogous Lu,Si,07-Y,Si,07 and Sc,Si,O7—Lu,Si,07 sys-
tems have already been published by us [11-14].

The academic interest of these studies resides in the
variety of polymorphic forms exhibited by the rare earth
disilicates depending on the RE ionic radius, temperature
and pressure [15,16]. Y,Si,07 shows up to five polymorphs
with increasing temperature at room pressure (y, o, 5, y and
0, also called y, B, C, D and E, respectively) [16]; Sc,Si,O
exhibits, however, a unique polymorph (f or C) up to the
melting point of the compound. The study of the
S¢,Si1,07-Y,S1,07 system is therefore interesting to analyse
the stability fields of the different polymorphs with
temperature and composition as well as to study the
structural variations across the regions of solid solubility.
Our previous study on the behaviour of the Lu,Si,O,—
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Y,Si,0; system will allow establishing and explaining
similarities and differences between both systems.

2. Experimental
2.1. Synthesis

The sol-gel route used for this study was derived from
the synthesis of a well-homogenized gel of Y,Si,O5 [17].
The starting materials were Y(NO;3);-6H,O (99.9%
Sigma), Sc(NO3);-3H,0 (99.999% Sigma), Si(OC,Hs),
(TEOS, 98% solution Sigma) and 96% ethanol. A TEOS
solution in ethanol (1:3 in volume) was added over appro-
priate amounts of Y(NO;3);-6H>O and Sc(NOj3);-3H,O
previously dissolved in 5 mL ethanol for the preparation of
Scr .Y Si,0O; members with x = 0, 0.20, 0.40, 0.60, 1.00,
1.30, 1.50, 1.70, 1.86, 1.90, 1.94, 1.98 and 2.00. The
mixtures were stirred at 40 °C until transparent gels were
obtained. The gels were dried at 60°C for 24h in air.
Nitrate was eliminated by calcination at 500 °C for 1 h at a
heating rate of 1°Cmin~"'. The white powder obtained was
subsequently calcined at a heating rate of 5°Cmin~" up to
1300°C for 24h and slowly cooled down to room
temperature. Samples with x>1.50 were also calcined at
1400, 1500, 1600, 1650, 1700 and 1750 °C during variable
times to study the thermodynamic stability of the
polymorphs formed. Thermal treatments are summarized
in Table 1.

2.2. Characterization
Routine X-ray diffraction (XRD) patterns were carried

out using a Siemens D-501 diffractometer, with Ni-filtered
CuKuo radiation, steps of 0.05° and counting time of 3s.

Table 1

Additional XRD patterns were taken with steps of 0.02°
and a counting time of 10s, in order to calculate unit cell
parameters using the Le Bail method with the GSAS
software [18]. The background was previously subtracted
automatically using the diffractometer software although
background intensities were subsequently refined after-
wards. Refined parameters were: background coefficients,
phase fractions, lattice constants and isotropic temperature
factors. Powder elemental silicon was used as internal
standard.

?Si Magic Angle Spinning Nuclear Magnetic Resonance
(MAS-NMR) spectroscopy measurements were carried out
in a Bruker DRX400 (9.39 T) spectrometer equipped with a
multinuclear probe, using 4 mm zirconia rotors spinning at
11kHz. A single-pulse sequence was used, with a pulse
length of 2.5 us (n/2 pulse length = 7.5 us), an observation
frequency for >°Si of 79.49 MHz, and an optimized delay
time of 600s. The chemical shifts are reported in ppm from
tetramethylsilane (TMS).

3. Results and discussion
3.1. Temperature—composition diagram

Table 1 summarizes the phases observed after annealing
each composition at the temperatures and times indicated.
Fig. 1a shows the temperature—composition diagram of the
Sc,S81,07-Y 581,05 system obtained from the data in Table
1. The boundaries of adjacent stability field are based on
data obtained from the synthesis of the compounds. The
transition temperatures of the polymorphs, obtained from
annealing experiments in which each phase is intended to
be converted into the other, might differ slightly from these
data. Fig. 1a shows that the (f phase is the stable one for

Sc, Y, Si,O7 polymorphs obtained after calcination of the xerogels at different temperatures and times

T (°C) and X (Sc2_ Y, Si,07)
time
0.00 0.20 0.40 0.60 1.00 1.30 1.50 1.70 1.86 1.90 1.94 1.98 2.00
1300 B B B B B B B B B B B B B
24h
1400 B B B B B B B B B B+(®) B+y 7+B 7 +B
24h
1500
24h B+(®) 7+(B) 7B 7+ (B) 7+ (B)
4d y+p y
1600 7 v v y 7
24h
1650
24h B B B Y Y Y 7+(9) 7+(9)
1700
12h B B B Y Y
24h p p B v 7
1750
12h B B Y v g

All treatments refer to 24 h, except the ones indicated. In the case of two polymorphs, the one written in the first place is the most abundant. Brackets
indicate traces. f = f-Scy_ Y, Si,07, 7y = 7-Sc,_ Y Si,07 and 6 = 6-Sc,_ Y, Si,04.



1438 A. Escudero et al. | Journal of Solid State Chemistry 180 (2007) 14361445

Q

1700 - I
1600 - I
1500 r

1400 B -

Temperature (°C)

1300 A

0.0 05 1.0 1.5 20
x Sc,_Y Si,0.

2x x 27

1700 5t
1600 - y -
1500 3

1400 A B -

Temperature (°C)

1300 - 3

0.0 0.5 1.0 15 2.0

O

1700
1600 Y
1500 o

1400 ~ ~.

Temperature (°C)
—

1300 - E

/L
T 7/

0.75 0.77 0.86 0.88
Mean Rare Earth lonic Radius (A)

Fig. 1. (a) Temperature—composition diagram of the Sc,Si,O7-Y,Si,0,
system based on the data of Table 2. (b) Temperature—composition
diagram of the Lu,Si,O;—Y,Si,07 system, as reported in Ref. [13]. (c¢)
Observed stable disilicate phases as a function of mean rare earth ionic
radius.

all compositions with x<1.70 at any temperature. The
wide range of stability of this structure type is likely to be
explained by the nearly closest hexagonal packing of the
oxygen containing rare earth cations in octahedral holes
and silicons in tetrahedral holes in alternating parallel
layers (001). For compositions with x>1.86 a narrow
stability field of the y-polymorph can be observed with a
very pronounced slope separating it from the f field.
Finally, the highest temperature phase J is only observed
for compositions with x>1.98 at temperatures higher than
1650 °C.

The diagram is similar to the one reported by us for the
Lu,Si,07-Y,Si,05 system [13] and reproduced here in Fig.
1b; both systems share one end-member (Y»Si,O;) while
the other (Lu,Si,O; or Sc,Si,O;) shows a unique poly-
morph at any temperature, the -polymorph in both cases.
Therefore, the similarity between both temperature—com-
position diagrams is not surprising. The main difference
between them is the width of the f-field, which is narrower
in the Lu,_,Y,Si,O; system, with a f-y transition
composition at x ca. 1.00 at 1700 °C, to be compared to
x = 1.70 in the Sc,_,Y,Si,O7 system at the same tempera-
ture. The reason very likely resides on the different ionic
radii of S¢** (0.745 A) and Lu®" (0.861 A) compared to
Y3" (0.890 A) [19]; the similar ionic radii of Lu** and Y>*
allows high concentrations of Lu’" entering the RE
crystallographic site of the y-RE;SiO; structure, even
when the f-polymorph is the only one which is stable in
pure Lu,Si,O;. However, the smaller size of Sc*
compared to Y>* destabilizes the y-RE»Si,O; structure
even at very low Sc contents, and the transformation into
the shared - RE,Si,0; polymorph takes place. In fact, Fig.
1c shows that the stability range of the polymorphs obeys
the mean rare earth radius, as established by Felsche [16].

_.QJ A\ JUU JLLWLM&_:‘_,_

_)L_J . .J‘ y Jb{ l_j.‘ j.JL | N\J'k_);,;\.._;\_\_,\_b
15 20 25 30 35 40 45
26

Fig. 2. Top: The crystal structure of f-RE,Si,O; with C2/m symmetry
(SiOSi angle = 180°). A very similar structure is observed in the case of C2
symmetry, but the SiOSi angle<180°. The double tetrahedra correspond
to [Si,04]°~ units while the spheres represent the RE>* cations. Bottom:
Theoretical XRD patterns of -RE,Si,O; using C2 (plot a) and C2/m
(plot b), showing the same set of reflections.
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Following is a structural study of two isotherms (1300
and 1600 °C) of the temperature—composition diagram of
Fig. la. At 1300°C all compositions crystallize as f-
RE>Si,05 while at 1600 °C the y polymorph is the stable
phase for compositions with x>1.86.

3.2. Structural study of -Sco_. Y, .Si;07 samples (x = 0-2)
at 1300°C

The general structure of the f-RE,»Si,O, pyrosilicates is
based on (Si,0,)°" units formed by two Si tetrahedra
sharing one corner and RE* " cations occupying octahedral
holes (Fig. 2, top) [16]. Two different space groups, with
the same unit cell size, have been used in the literature to
describe the - RE,Si,07 crystal structure. One of them, C2/
m forces de SiOSi angle to be 180° although considerable
motion of the bridging oxygen is indicated by the
temperature factor value [20]; the other space group, C2,
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Fig. 3. Representative portions of the XRD patterns of samples in the
Scr Y, Si,07 system with x = 0.00, 0.40, 1.00, 1.30, 1.70 and 2.00,
calcined at 1300 °C for 24 h. Two lines have been drawn on top of three
diffractions of the x = 0.00 pattern to appreciate their shift to lower angles
with increasing Y content.

allows SiOSi angles different from 180° [21]. Fig. 2,
bottom, displays theoretical XRD patterns corresponding
to f-RE>Si,O using space groups C2/m and C2; the same
set of reflections is observed in both patterns.

3.2.1. XRD study

Fig. 3 shows representative portions (15-45° 26) of the
XRD patterns corresponding to selected samples of the
Scy_. Y, Si,O; system calcined at 1300 °C for 24h. The
diagram of the x = 0 sample matches the standard pattern
of -Sc,Si,07, JPCDS 72-779. Increasing yttrium content
produces very similar patterns, with variations in peak
positions (see peaks under the vertical guide lines) and
intensities (see for example peaks at ca. 17° and 19° 26),
which result from changes in unit cell dimensions and
composition. Finally, the XRD diagram of the x =2.0
Sc,_ Y, Si,O5 sample matches the standard pattern of f3-
Y,Si,0; (JCPDS chart 38-0440). The long-range order
structure of the f polymorph is, therefore, maintained
across the Sc,Si,0-Y»Si,07 system at 1300 °C.

In order to obtain the variation of structural parameters
with composition, the XRD patterns of all compositions
were analysed using the Le Bail method with the GSAS
software, as described in the experimental section. The
starting parameters for the refinement of the structures
with x<1 have been taken from those reported for pure (-
Sc,Si1,07 [22] while the refinement of compositions with
x> 1 was carried out from the parameters reported for pure
B-Y,S1,07 [23]. In both cases, space group C2/m has been
used. Fig. 4 shows the experimental, fitted and difference
diagram corresponding to the Sc,_ .Y ,Si,O; sample with
x = 1.0, as an example. The rest of fits are very similar to
the one shown. All reflections can be fitted on the basis of
the monoclinic cell corresponding to the fS-RE,Si,O;
structure. No extra-peaks can be observed, which indicates
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Fig. 4. Experimental (crosses) and calculated (solid line) XRD patterns of
the x =1.00 Sc,_,Y,Si,O; sample annealed at 1300°C for 24h. The
difference plot is also shown.
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Fig. 5. Unit cell parameters (a, b, ¢, f and volume) plotted as a function of Y content corresponding to Sc,_,Y,SiO7 samples annealed at 1300 °C for
24 h. The error bars are approximately the size of the symbols. The stars are the values found in the literature for the end-members f-Sc,Si,O7 and f-

Y,Si,05. Volume varies with composition as: Vol = 244.98 + 16.69x.

the absence of phase segregation. Fig. 5 shows the variation
of the unit cell parameters with composition in the
Scr_ Y, SiO7 system at 1300 °C. Most of the unit cell
parameter values differ substantially from one end-member
to the other due to the different ionic radii of Y*" and
Sc>* [19]. Both @ and b unit cell parameters increase
linearly (around 5% from the sample with x =0 to the
sample with x = 2) with increasing yttrium content. The ¢
unit cell parameter of pure f-Sc,Si,O5 is very similar to
that of pure -Y,Si,O5 (the variation from one to the other
being <0.75%); however, a change in the slope can be
observed at x ca. 1.0 when the ¢ parameter is plotted versus

Y content. A very small variation in the f angle value is
also observed from one end-member to the other (<1%),
although a change in slope also takes place here at x ca 1.0.
The unit cell volume increases linearly when increasing
yttrium content. The linearity of the data indicates the
existence of a complete substitutional solid solution
between Ib)-SCZSi207 and ﬁ-YzSi207 at 1300 °C.

3.2.2. °Si MAS NMR study

Fig. 6 shows the ?°Si MAS NMR spectra of the samples
in the Sc,_,Y . Si,O; system calcined at 1300 °C for 24 h.
All of them show a unique band in the ppm range
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Fig. 7. Solid squares: 2’Si chemical shift values (in ppm) of samples in the
Scr_ Y. Si,07 system versus Yttrium content. Open circles: 28 chemical
1.30 shift values (in ppm) calculated from Janes and Oldfield’s correlation using
a SiOSi angle of 180°.
1.70
Table 2
2Si chemical shift values (8) and SiOSi angles obtained from the >°Si
chemical shift values using Janes and Oldfield correlations for the f-
- Sco_ Y Si,07 structures (samples calcined at 1300 °C)
2.00 x (Se_ <Y, Si,07) S (ppm) SiOSi angle (%)
T I T I T I T I T
-86 -89 -92 -95 -98 -101 0.0 —95.0 180.0
ppm 0.2 —94.0 174.8
0.4 —93.5 172.8
Fig. 6. ?°Si MAS NMR spectra of samples in the Sco_.Y,Si,O; system 0.6 -93.1 171.4
with x = 0.00, 0.40, 1.00, 1.30, 1.70 and 2.00, calcined at 1300 °C for 24 h. 1.0 -92.7 170.8
1.3 -92.8 172.6
1.5 -92.9 174.0
1.7 —93.1 175.9
2.0 —93.7 180.0

characteristic of the Q' environments of the [Si,O;]° units
in the pyrosilicate structure [24]. >°Si chemical shifts values
have been plotted versus composition in Fig. 7 and are
given in Table 2. The values of the end members are in
agreement with those reported in the literature for f-
ScyS1,07 [25] and f-Y,SixO7 [26]. The behaviour of the
chemical shift values with composition is clearly nonlinear,
with a maximum at x ca. 1.0, which is the composition at
which, the line describing the ¢ and f§ unit cell parameters
behaviour bends. It seems, therefore, that there exists a
relationship between the *°Si chemical shift behaviour and
the bending of the ¢ and f unit cell parameters observed in
the -Sc,_,Y,Si,O; system. The structural change produ-
cing the bending of the ¢ and f unit cell parameters must be
related to the close environment of Silicon, i.e. to the
structure of the Si tetrahedra.

Janes and Oldfield [27] proposed a ?°Si chemical shift
correlation based on group electronegativity, which applies
successfully to pyrosilicate structures [12,14]. For type P
silicon sites (all ligands being capable of sigma and pi
bonding), as is the case of our pyrosilicate Sc,_,Y,Si,O4

Spectral resolution is 0.1 ppm.

structures, Janes and Oldfield give the following correlation:
Jsi = —24336 Y EN +279.27, (1)

where > EN is the group electronegativity sum of the
various oxy-metal fragments to which Si is bonded in the
pyrosilicate structure, i.e. OSi, OY and OSc in our system.
Janes and Oldfield [27] derived the OSi group electro-
negativity as a function of bridging bond angle (SiOSi)
obtaining the following equation:

EN(OSi) = (£Si0Si/136.79) + 2.9235. ©)

On the other hand, group electronegativity values for
OY and OSc have been empirically calculated by us in two
previous papers, obtaining a value of 3.69 for OY [12] and
of 3.71 for OSc [14]. We have used these equations to
calculate the 2°Si chemical shifts across the Sc,Si>O7—
Y,Si,05 system, assuming a SiOSi angle of 180°. The data
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Fig. 8. SiOSi angle (°) calculated from Janes and Oldfield’s correlation
using the experimental 2°Si chemical shift values, plotted as a function of
the Yttrium content.

have been plotted versus composition in Fig. 7. A clear
mismatch between the experimental and the calculated
values is observed which indicates that the SiOSi angle
must differ from 180° across the system.

In order to calculate the SiOSi angle in the intermediate
members of the Sc,Si,0,-Y,Si,05 system, we have applied
the Janes and Oldfield’s correlation using the experimental
2Si chemical shift values given in Table 2. The result is
plotted in Fig. 8. It is observed that the SiOSi angle varies
with composition, with a minimum of 170.8° at around the
composition at which the ¢ and f unit cell parameters
change slope. In summary, the SiOSi angle of the double Si
tetrahedra (Si,O, unit) changes across the Sc,Si,O;—
Y,Si,07 system in order to accommodate the different
sized Sc®” and Y?' in the octahedral holes of the
pyrosilicate structure. This result implies that the space
group of the intermediate members is C2 rather than C2/m,
as is the case for the end-members. In any case, the unit cell
size is the same and we have not recalculated it.

3.3. Structural study of y-Sc,_. Y. Si>O; samples
(1.86<x<2) at 1600°C

3.3.1. XRD study

Fig. 9 shows the XRD patterns of the Sc,_,Y,Si,O
samples with 1.86<x<2 annealed at 1600°C for 24h.
Samples with x<1.86 annealed in the same conditions
crystallize as f-RE>Si,O5 while only samples with x>1.86
crystallize as y-RE,Si,O;. The diagram of the sample with
x = 2 matches the standard pattern of y-Y,Si,O;, JPCDS
42-167, as expected. Decreasing yttrium content produces
very similar patterns, with variations in peak positions and
intensities, which result from changes in unit cell dimen-
sions and compositions. No signs of phase segregation are
observed which indicates that even though pure Sc,Si,O-
forms a unique polymorph in the whole temperature range

x=2.00

x=1.98

TN, T W VY

x

x =1.94

I

Jﬁ
Ly

20 degrees

Fig. 9. Representative portions of the XRD diagrams of Sc, ,Y,Si,O
samples with x = 1.86, 1.90, 1.94, 1.98 and 2.0, calcined at 1600 °C for
24 h. The asterisk indicates Si used for calibration.
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Fig. 10. Experimental (crosses) and calculated (dotted line) XRD patterns
of the x =1.90 Sc,_,Y,Si,O; sample annealed at 1600 °C for 24h. The
difference plot is also shown.
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(B), there is some degree of solid solubility of Sc,Si,O-
in y-Y,Si,0,, ie. Sc** is able to replace Y?" in the
pyrosilicate while maintaining the y-structure in the
compositional range 1.86<x<2.

To confirm the solid solubility of Sc,Si,07 in y-Y,Si,0,
in the compositional range 1.86<x<2 at 1600 °C, we have
calculated the unit cell parameters of samples in Fig. 9
using the Le Bail method, as described in the experimental

472 . . ; ;
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g
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©
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o [ ]
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Q n
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(8]
5.54 T T T T
1.84 1.88 1.92 1.96 2.00

X (SCZ-XYXSi207)

section. Starting unit cell parameters where those reported
for pure 7y-Y,Si,O; [28]. Fig. 10 shows the experi-
mental, fitted and difference diagrams of the x = 1.90
composition, as an example. The rest of the XRD fits are
very similar to the one shown. It can be observed that all
reflections could be fitted on the basis on a monoclinic cell
with space group P2;/c, corresponding to the y-RE>Si,O-
structure.
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Fig. 11. Unit cell parameters (a, b, ¢, f and volume) plotted as a function of Y content corresponding to Sc,_,Y ,Si,O; samples annealed at 1600 °C for
24 h. The error bars are approximately the size of the symbols. The stars are the values found in the literature for the end-member y-Y,Si,O;. Volume

varies with composition as: Vol = 242.77 +19.23x.
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The variation of unit cell parameters with composition is
shown in Fig. 11. It is worth noting that we are dealing here
with a narrow compositional range and, therefore, the
variation of the unit cell values from one end to the other
will be very small in comparison with the variation
observed in the f structures. The same size of the y-axis
has been used in the three plots to appreciate relative
changes in the a, b and ¢ unit cell parameters. The b and ¢
unit cell parameters as well as the unit cell volume increase
linearly with increasing yttrium content, while the ¢ unit
cell parameter and the ff angle remain almost constant with
composition. The linear behaviour of the unit cell
parameters indicates the solid solubility of Sc in y-
Y,Si,0; in the 1.86<x<2 compositional ranges and
1600 °C.

3.3.2. ?°Si MAS NMR study
Fig. 12 shows the Si MAS NMR spectra of samples in
the Sc,_Y,Si,0O; system with 1.86<x<2 calcined at

1.90

1.94

1.98

N
I

I T
-86 -88 -90 -92 -94 -96 -98  -100

ppm

Fig. 12. ?°Si MAS NMR spectra of samples in the Sc,_,Y,Si,O; system
with x = 1.86, 1.90, 1.94, 1.96 and 2.00, calcined at 1600 °C for 24 h.

1600°C for 24h. Sample with x =2.00 shows the
narrowest curve, corresponding to a unique type of Si
environment (Si surrounded by —OY groups). Decreasing
yttrium content produces wider bands due to the presence
of different Si environments (Si surrounded by -OY and
~OSc groups). The ?°Si chemical shift value obtained for
the x = 2.00 sample is in agreement with the value reported
in the literature for y-Y,Si,O; [26]. Decreasing yttrium
content produces a slight shift of the values towards higher
frequencies. Comparison of the behaviour of the *’Si
chemical values corresponding to y-RE>Si,O; polymorphs
with those of Fig. 7 (corresponding to f-RE>Si,O,
polymorphs) is not possible due to the short compositional
range in the case of the y-RE,Si,O; polymorphs.

4. Conclusions

The results of the XRD and *°Si MAS NMR analysis
indicate that the Sc,Si,O,—Y,Si,07 temperature—composi-
tion diagram is dominated by the f-RE,Si;O; polymorph,
as previously observed for the Lu,Si;O7-Y,Si,O; system.
However, in this case, the y and ¢ fields are much smaller
due to the bigger difference in ionic radius between Y3
and Sc* " as compared to Y>* and Lu® . It is important to
note that, although the XRD data show a complete solid
solubility of -Sc,Si,O7 in -Y,Si,07 at 1300 °C, a minor
structural change occurs at x ca. 1.00 (Sc,_,Y,Si,O7)
related to the configuration of the Si tetrahedra, which does
not affect the long-range order of the f-RE>Si,O,
structure.
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