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The possibility of the single phase SrB,O; synthesis through the amorphous phase
formation stage has been shown. Using XPA and DTA methods, the formation of stron-
tium borate hydrates has been determined to occur at T = 95+5°C in the course of
strontium carbonate interaction with boric acid. The dehydration of strontium borate
crystal hydrates results in amorphous phase formation. A further phase transition (borate
rearrangement) of this phase at T = 750°C results in formation of polycrystalline SrB,0;.

IToxasama BO3MOMKHOCTH cuHTe3a MoHo(asHoro SrB,O, uepes craguio obpasoBanma
amopdHuoit pasel. Metogamu [ITA u PDA ycraHOBIeHO, uTo 06pasoBaHUe KPUCTANJIOTUADPA-
TOB 6GopaToB cTpoHIUA mpoucxoxuT npu T = 95+5°C B mpoiecce TBepgodasHOTO BIamMMOAELi-
CTBUS OPTOOOPHOII KUCJIOTHI ¢ KapboHaToM cTpoHIuA. O6e3BOKUBaHNE KPUCTAJIOTUAPATOB
60paTOB CTPOHITUA NMPUBOAUT K oOpasoBaHUiO aMopdHOI (dasbl, KoTopas IpeTepreBaeT (haso-
BHII mepexon (0opaTHyio meperpyunmnupoBKy) mpu temieparype T = 750°C c¢ oGpasoBaHumeMm
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nonuKpucrasimideckoro SrB,O5.

Nowadays, the strontium tetraborate
SrB4O; (SBO) crystals are under active in-
vestigation as polyfunctional materials. SBO
belongs to the rhombic system, the Pnm2,
space group, and has the following parame-
ters:  a=4.4255(7) A, b= 10.709(2) A,
c=4.2341(9) A, V=200.7A3, z-=2,
dgr = 4.011 g/em3, Z = 2. The SBO crys-
tals are transparent in a wide spectral
range (from 125 to 3200 nm) [1], and have
high effective nonlinear optical coefficients
comparable to those of KTiOPO, crystals [2,
3]- The high isomorphic capacity for lantha-
nide ions incorporation, high thermallys-
timulated luminescence yield combined with
non-hygroscopicity allows one to consider SBO
as a prospective material for the solid state
dosimetry [4—6]. Activated SBO single crystals
find practical applications as high pressure
sensors or magneto-optical materials [7, 8].

At present, the synthesis of polycrystal-
line strontium tetraborate [9, 10] and SBO
single crystals growing technology [1, 11]
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are well studied. However, there is a prob-
lem with a reproducible synthesis of the
compound due to possible competitive for-
mation of various strontium borate phases.
The presence of impurity phases results in a
significant degradation of functional charac-
teristics of SBO based storage phosphors [10].
At the same time, the phase composition re-
quirements for the SBO as the initial material
for single crystal growth are much higher. Ac-
cording to the SrO-B,O; phase diagram [12],
the SrB4,O; compound is characterized by a
narrow homogeneity range. Moreover, a com-
pound Sr4B14025 (4SI’O7BZO3) has been found
in a later work [13], very similar in chemi-
cal composition to SBO (SrO-2B,03). The
stoichiometry distortion of the SBO charge
more than by 2 mol. % boron oxide will
result in changed melt composition that can
cause the growth process breakdown due to
deviation of the melt composition from the
SBO crystallization concentration range on
the phase diagram. The traditional use of
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Fig. 1. DTA curves of the SrB,O; samples: I,
raw stoichiometric mixture of powders; 2,
after calcination at T = 95°C (10 h); 3, DTG
curve corresponding to the DTA curve 2; 4,
after calcination at T'= 95°C (10 h) and T =
890°C (10 h).

boron oxide excess provides only partial so-
lution of this problem because of the high
melt viscosity and long duration of the
growth cycle.

Usually, the charge for borate single
crystal growth is synthesized using the
solid state method. The indium borate InBO5
is known can be obtained by borate rear-
rangement [14]. According to [15], stron-
tium borates can be synthesized by dehydra-
tion of corresponding hydrates (through in-
termediate amorphous phases). However,
the possibility of SBO obtaining through
amorphous phases is scarcely described in
literature. Thus, this work is aimed at
study of the SBO formation process in the
SrO-B,05 system.

SrB,O; was synthesized in an air in a
platinum crucible. The samples were heat
treated in a KO-14 muffle furnace. The spe-
cial purity grade strontium carbonate SrCO;
and chemical purity grade boric acid HyBO,
were used as the starting materials for the
SBO synthesis. Differential thermal analy-
sis (DTA) was carried out using a Q-1500D
(MOM) derivatograph in the dynamic mode
at the heating rate of 5°C/min, using
0—Al,O3 powder as a reference. The X-ray
phase analysis (XPA) of samples was per-
formed on a Siemens D500 powder diffrac-
tometer (CuK,-radiation).

First, let the processes taking place dur-
ing SBO solid state synthesis be considered. The
DTA has shown (Fig. 1, curve 1) that, after
decomposition of boric acid (T = 120-140°C)
and strontium carbonate (7T = 660-700°C),
the solid state reaction of the components
occurs at relatively high temperatures of
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Fig. 2. X-ray diffraction spectrum of SrB,0O,
sample after calcination at T = 900°C (10 h).

850-900°C. Since the solid state interaction
is limited by diffusion, a prolonged anneal-
ing at pre-melting temperatures is neces-
sary. This results in the boron oxide vola-
tilization and the compound stoichiometry
distortion.

The XPA pattern of the sample heat
treated at T = 900°C contains reflexes from
several phases. In addition to the main crys-
talline phase of strontium tetraborate (90
wt. %), the strontium metaborate phase
SrB,0,4 (10 wt. %) depleted of boron has been
revealed (Fig. 2). In accordance to the SrO—
B,O5; phase diagram [18], the 90 % content
of the main phase in the synthesized sample
is insufficient for its usage as the initial
charge for single crystal growth.

The next task was to establish the ways
to strontium tetraborate synthesis by dehy-
dration of its hydrate. Taking into account
the boric acid feature to displace volatile
acids from their salts [16], it is possible to
obtain various borate hydrates by decompo-
sition of strontium carbonate with boric
acid. For this reason, the following reaction
of strontium tetraborate hydrate formation
has been proposed:

SFCO3 + 4H303 e
- SrB4O7 . nH20 + C02 + (6 - n) . Hzo.

To synthesize SrB,O;:nH,0O, the stron-
tium carbonate SrCO; and boric acid
H3BOj; in stoichiometric ratio were thor-
oughly mixed and ground to increase the
mixture reactivity. Then the obtained
sample was placed in the platinum crucible
and calcined at 90-95°C for at least 10 h.
The completeness of the reaction was con-
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trolled by XPA and DTA. According to the
XPA data, the SrBgO43-4H,O, Sr(B(OH),),,
Sry(B50g(OH),B(OH)3(H,0) and Sr(BgO44(OH),)
phases were found after the sample heat
treatment (7 = 90-95°C, ¢ =10 h). The
total stoichiometry corresponded to the
SrB4,O;nH,O composition. The presence of
several phases in the mixture may be caused
by the solid state synthesis utilization in-
stead of precipitation from aqueous solution
[17]. Thus, strontium tetraborate obviously
does not form hydrates, in contrast to other
strontium borates [17, 18].

In the DTA curve of the sample obtained
according to reaction, endothermic peaks
with maxima at 170°C and 250°C accompa-
nied by simultaneous mass loss were ob-
served (Fig. 1, curves 2, 3). This indicates
the stepwise dehydration of strontium bo-
rate hydrates resulting in an amorphous
phase formation. The amorphous phase
presence has been confirmed by XPA: a
characteristic halo in the small-angle region
has been observed in the X-ray diffraction
pattern of the sample. The calculated mass
loss from the sample corresponded to the
removal of two water molecules. The fur-
ther mass loss occurred probably due to the
removal of (OH)~ groups from the com-
pounds forming the mixture. This loss is
observed till T = 750°C. The total mass of
the crystallized sample corresponded to
theoretical mass of the pure SrB,O;. The
peaks of thermal effects corresponding to
SrCO; decomposition and interaction of
strontium carbonate with boron oxide (usu-
ally observed at T = 660-900°C (Fig. 1,
curve 1) when the solid state reaction is
used [5]), were absent in the experimental
heating curve.

Temperature increase up to T = 750°C
results in appearance of an exothermic peak
in the DTA curve corresponding to the
amorphous phase crystallization (Fig. 1,
curve 2). This is a characteristic effect for
numerous synthetic borates [19] and is refe-
reed to as borate rearrangement [20]. At
the dehydration, the borate crystal lattice
disintegrates and material transfers to
amorphous state. A further heating causes
crystallization of the amorphous phase ac-
companied by exothermal effect that can be
seen in the DTA curve. Generally, the DTA
data shown in the Fig. 1, curve 2, are typi-
cal of the borate rearrangement process.

Accordingly to the XPA data, the con-
tent of the crystalline SrB,O; phase in the
sample calcined at T = 750°C during 6 h
was 66 wt. %. The SrB,O, and SrBgO,,
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Fig. 8. X-ray diffraction spectrum of SrB,O,
sample after calcination at T = 95°C (10 h)
and T = 890°C (10 h).

compounds were revealed as impurity
phases. This evidences the incomplete reac-
tion or the competition in formation of sev-
eral strontium borates in the 700-850°C
temperature range [18] (as well as in the
case of solid state reaction).

To obtain a single-phase compound, the
intermediate grinding stage has been used
(to increase the activity of reagents) and
the sample has been additionally annealed
at T = 890°C during 24 h. After such heat
treatment, the single-phase SBO has been
synthesized (within the experimental error
of the XPA, Fig. 3). The obtained DTA
curve for SBO (Fig. 1, curve 3) contains
only one endothermic peak at 1015°C corre-
sponding to the congruent melting of the
compound [13]. The polycrystalline SBO
synthesized by the technique described
above has been used successfully to grow
SBO single crystals [21]. Thus, the borate
rearrangement method can be used to obtain
the single-phase SBO that is applicable for
single crystal growth.

To conclude, the peculiarities of SBO
phase formation in the SrO-B,O; system
have been studied using differential ther-
mal and X-ray phase analysis. It has been
determined that single-phase SrB,O- appro-
priate for the single crystal growth can be
synthesized by the following scheme: raw
mixture of powders — strontium borate
hydrates — amorphous phase — polycrys-
talline SrB407.
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Cunre3 Terpadopary crpoHuiio SrB,0-
AJIA BUPOIIYBAHHSI MOHOKPMCTAJIB

T.I.Kopwuxosea, C.B.Ilapxomenko, O.B.Tormanwoe, P.Il.Aeeyvrui

IToxasaHo MoxJIuBicTE cuHTe3y MoHO(asHoro SrB,O; uepes cragiro yTBOpeHHs amopdHOI

dasu. Metomamu [ITA it PDA BcTaHOBJIEHO, IO YTBOPEHHd KpUCTaJoTigpartiB GopaTis
cTpoHIil0 BizbyBaerheca mpu T = 95+5°C y mporeci TBepgodasHoi Bsaemoxil oprobopHOI
KHCJIOTH 3 KapOOHATOM CTPOHI[iI0. 3HeBOAHIOBAHHSA KPHCTAJOTiApaTiB 60paTiB CTPOHIIIIO IPH-
BOAUTL 10 yTBOPeHHs amopduol dasu, B sAKii BigOysaerbcs dasoBuit mepexin (Goparme
IeperpynyBaHHsa) npu Temuepatypi T = 750°C 3 yrBoperHAM moxikpucraniuroro SrB,0,.
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