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The synthesis and structural characterization of a new precursor solid solution SrAl2 2 xBxO4 (0 v x v 0.2),

for phosphor materials is reported. The synthesis temperature of SrAl2O4 is considerably reduced by B

substitution. The new solid solution keeps the tridymite-like structure (P21) characteristic of SrAl2O4.

Microstructural characterization, by means of SAED and HREM, did not evidence additional ordering due to

B doping. However, damage under the electron beam gives rise to complex defects, suggesting that B

substitutes Al at tetrahedral positions in isolated planes along the [011] direction.

Introduction

Phosphors based on MAl2O4 (M ~ Ca, Sr, Ba)1 have been
widely studied in the last two decades due to applications such
as hosts for ceramic pigments, practical phosphors and
excitation sources for other phosphors and luminous paints.
Moreover, doping with a rare-earth has had great relevance on
the optimization of the properties of luminescence materials. In
this sense, Eu-doped strontium aluminate2 shows a long lasting
phosphorescence and high brightness phenomenon.

SrAl2O4 has the tridymite-like structure.3 The parent
structure corresponds to a SiO2 polymorph, built up of
[SiO4] tetrahedral layers sharing corners, giving rise to six
corner rings, as depicted in Fig. 1. Aluminium occupies silicon
sites in the SrAl2O4 material while strontium occupies the
hexagonal holes leading to a lattice distortion and then to lower
symmetry. Moreover, SrAl2O4 displays two polymorphic
forms: (i) below 650 uC, it exhibits monoclinic symmetry
(P21) and (ii) above this temperature it turns into hexagonal
(P63222). Such a transition is a displacive4 one, since it does not
involve breaking of bonds only changes in the tetrahedra

orientation. A similar transition happens between the a and b
forms of SiO2.5

The SrO–Al2O3 phase diagram shows that synthesis of
SrAl2O4, by the conventional ceramic method, requires
temperatures above 1900 uC. To reduce such a synthesis
temperature the addition of B2O3 as a fundent has been proved
to be successful.6

Having taken into account the above ideas, we describe in
this paper the optimization of the synthetic conditions at low
temperature of B-doped SrAl2O4 and its microstructural
characterization in comparison to SrAl2O4.

Experimental

Samples with a nominal composition SrAl2 2 xBxO4 (x~ 0, 0.1
and 0.2) were prepared from stoichiometric amounts of SrCO3,
Al2O3 and H3BO3. The mixture was ground in a planetary ball
mill for 20 min and fired in an electrical furnace at different
temperatures, 1100, 1200, 1300, 1400 and 1500 uC, with soak-
ing times of 1 and 10 h at each temperature.

Phase evolution was carried out by powder X-ray diffraction
(XRD) in a Siemens D-5000 diffractometer with Cu Ka

radiation. Boron was analysed by inductive coupled plasma
(ICP) spectroscopy. Microstructural characterization, by
means of electron diffraction (SAED) and high resolution
electron microscopy (HREM), was performed on both JEOL
2000 FX and JEOL 4000 EX electron microscopes.

Results and discussion

The XRD study shows that temperatures above 1500 uC are
required to obtain the monoclinic SrAl2O4 polymorph as a
single phase with unit cell parameters: a ~ 8.442(2) Å,
b~ 8.822(2) Å, c~ 5.161(3) Å, b~ 93.42(2)u and space group
P21, in agreement with previous data.7 However, when
different quantities of boron are added, the synthesis tem-
perature is considerably reduced and the monoclinic phase is
obtained at 1200 uC for a SrAl1.8B0.2O4 nominal composition.Fig. 1 Tridymite structure projected along [100].
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No extra peaks are observed in the XRD pattern with respect
to the undoped sample. A very slight decrease of the unit cell
parameters for SrAl1.8B0.2O4 is observed, a ~ 8.439(3) Å,
b ~ 8.818(2) Å, c ~ 5.153(2) Å, b ~ 93.386(2)u, as a
consequence of the smaller ionic radius of B.8 Doping with
x ~ 0.1 also leads to the stabilization of the monoclinic phase
although T ~ 1400 uC is required to stabilize SrAl2 2 xBxO4 as
a single phase. Higher B concentrations lead to sample
vitrification. Chemical compositions, as determined by ICP,
are in agreement with the nominal ones. Obviously, although
the synthesis temperature has been dramatically reduced,
analysis by ICP does not prove B has entered into the tridymite
structure since it can be in the bulk in a vitreous form.

In order to study the possible influence of B-doping in the
microstructure of the SrAl2O4 tridymite structure, a SAED and
HREM study was performed. The SAED study corresponding
to both samples, SrAl2O4 and SrAl1.8B0.2O4, is in agreement
with the tridymite unit cell proposed by XRD. Fig. 2 shows the
SAED patterns along the [100], [010] and [001] zone axes for
SrAl2O4. No differences are observed in the B-doped sample.

No impurities containing B were detected after checking
around 100 crystals. These facts, together with XRD data,
apparently suggest that boron has been randomly introduced
into the tridymite structure.

Although HREM images are in agreement with the above
unit cell, a more complex situation, due to the presence of
defects, has been found. In fact, antiphase boundaries (APB)
appear, either if boron is present or not, as can be observed in
Figs. 3a and 4a, corresponding to both samples, SrAl2O4 and
SrAl1.8B0.2O4, along the [010] and [100] zone axes, respectively.
As can be observed, a relatively low concentration of APB
planar defects is randomly distributed along the crystal. In fact,
the SAED pattern of the starting material does not show
evidence of streaking due to the presence of isolated extended
defects. However, streaking along b* is clearly observed on the
Fourier transform (FT) performed on an area of the crystal
with relatively high concentration of APB, as seen in Fig. 3b.
APB defects are also observed in the B-doped sample, but
another kind of stacking fault not observed in the undoped
SrAl2O4 material, indicated as ‘‘Z’’, is evident, as we will
describe in the following.

The tridymite structure is kept in SrAl1.8B0.2O4 in spite of the
defects, as can be clearly observed along the [100] zone
axis (Fig. 4a). Actually, a good agreement between experi-
mental and calculated images (Dt ~ 4 and Df ~ 265 nm),
having taken into account the atomic positions of SrAl2O4,3

is found, as seen in Fig. 4b. A projection of the structure is
depicted in Fig. 4c.

On the other hand, a change in the contrast is observed in the
APB-like defects with respect to that observed along both sides
of the boundaries. Such a planar defect can be understood
considering a shift of 1/2 along b between both zones, as

Fig. 2 SAED patterns corresponding to SrAl2O4 along (a) [100], (b)
[010] and (c) [001] zone axes.

Fig. 3 (a) SrAl2O4 HREM image along [100] and (b) corresponding
FT. The presence of APB is evident.
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represented in Fig. 4d, where it is observed that the disconti-
nuity is indeed only produced over the junction of the two
shifted areas. Furthermore, this seems to be a rich Sr zone. In
this sense, it is well known that, under optimum defocus values,
the darkest areas correspond to higher potential ones. In fact,
black contrasts in the experimental image are placed along the
APB. They must correspond to the higher atomic number
element, i.e., Sr, in agreement with the proposed structural
model.

The new kind of defect only observed in the B-doped sample,
(‘‘Z’’), also indicated in Fig. 4a, is similar to the so-called Z-
type faulted dipole.9 Actually, it can be described as a plane
separating two domains, structurally identical, but shifted by
1/2 along b and by 1/2 along c, i.e., the planar fault is placed
along the [011] direction. It is worth recalling that such defects
are only formed in B-doped sample under the electron beam.
At the very beginning, the material only shows APB. After
some irradiation under the electron beam, the situation is
suddenly modified by the formation of the new defect. A higher
concentration of these faults can be observed in Fig. 5. Similar
microstructural alterations have been previously described in
silicon, where Z-type faulted dipoles are formed, again under
the electron beam, when two dislocations interact with each
other and connect through the stacking fault, giving rise to a Z
shape.9

In our case, it seems reasonable to think that boron is pulling
up from the structure due to the electron impact creating
vacancies and then making possible a shifting of the crystal-
lographic planes giving rise to the indicated defects along the
[011] direction. In this sense, a stronger irradiation leads to
another kind of defect. Fig. 6 is, again, an image along [100]
and shows the presence of [011] twin planes (TP), leading to
domains (A and B) rotated to each other by 60u. Note that, in
this case, instead of the black contrast characteristic of the
APB, both defects ‘‘Z’’ and ‘‘TP’’ exhibit white contrast, in

agreement with lower potential zones as indeed corresponding
to the vacancies created, which originate from the elimination
of boron. Such features are not observed in the undoped
SrAl2O4 samples, which are stable under the electron beam.

The behaviour of the B-doped sample suggests that boron
must substitute Al in SrAl2 2 xBxO4. Since the boron con-
centration is relatively small, an ordered arrangement B–Al at
the tetrahedral positions, is not expected, a random distribu-
tion being more likely. In fact, no superstructure has been
detected. On the other hand, if boron was randomly arranged it
would not be detected by HREM. In this sense, the defects
created under the electron beam, ‘‘Z’’ and ‘‘TP’’, seems to give

Fig. 4 (a) SrAl1.8B0.2O4 HREM image along [100]. (b) Calculated
image. (c) SrAl2O4 structure projected along [100]. (d) Same projection
showing the displacement created by an APB-like defect.

Fig. 5 HREM image of SrAl1.8B0.2O4 along [100] showing a higher
concentration of Z-type defects.

Fig. 6 HREM image of SrAl1.8B0.2O4 along [100] showing TP and AF
defects.
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valuable information about the boron distribution over the
lattice. Therefore, since both defects only appear on the
B-doped material after irradiation, they must be related to
boron elimination. Moreover, if the defects created under the
electron beam are arranged along [011], it can be assumed that
boron is placed at the tetrahedral positions along this direction.
On the other hand, as the B concentration is so small,
substitution happens through randomly isolated planar defects
over the crystal, as reflected in the experimental images.

Fig. 7 schematically represents how a tilt of 60u can be
induced in the structure, leading to two differently oriented
domains, when some hypothetical boron rows are eliminated.
Domain A is represented in Fig. 7a. Fig. 7b corresponds to
domain B obtained from A just by tilting 60u. As can be seen,
both domains can be perfectly coupled.

Oxygen cooperative movements seem to be the driving force
for these transitions, which have also been detected in quite
different systems containing tetrahedral polyhedra, such as

Sr2Co2O5,10 Sr2CuGaO5,11 and LaBaCuGaOy,
12 brown mill-

erite related oxides.

Conclusions

B-doping in tridymite-like SrAl2O4 drastically reduces the
synthesis temperature for the ceramic route, opening new
prospects for the use of SrAl2 2 xBxO4 as a precursor for
phosphor materials based on Eu-doped strontium aluminates.
HREM shows that B atoms are placed in Al sites forming
isolated planar defects along the [011] direction of the
tridymite-type structure.
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Fig. 7 Schematic representation of the twin domains originating after a
60u tilt.
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