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The strontium stannates SrSnO; and Sr,Sn0O,4 can be synthesized by the wet chemical
peroxide route. The first step of the preparation is the precipitation of stoichiometric
peroxo precursors which can be transformed into the corresponding stannates by thermal
degradation. The resulting very fine, single-phase strontium stannate powders have
extremely small impurity contents. They show a very fast densification behaviour during
sintering at temperatures above 1200 °C. A phase Sr3Sn,0; could not be prepared using the
peroxide route. © 2000 Kluwer Academic Publishers

1. Introduction An alternative way for the preparation of high purity
Alkaline earth stannates have received more and morkarium, magnesium and calcium stannates is the per-
attention in recent years as components of ceramic diexide route [9-11]. Various strontium, barium, mag-
electric elements [1]. Strontium stannate, Srgnas nesium and calcium titanates can also be synthe-
been reported to be used in humidity sensors [2]. Soligized using this method [12—-15]. The peroxo precursor
solutions of alkaline earth titanates and stannates ar@aZrO,(0,)-6H,O can be used for the synthesis of
also used for the fabrication of ceramic boundary layeBaZrO; [16]. Generally, peroxo precursors are formed
capacitors [3]. The phase equilibria in the SrO-SnO by a precipitation reaction and decomposed by thermal
system have been studied by several authors [4—6]. Thgeatment to the corresponding stannates, titanates or
existance of the two stable phases Srgafd SpSnQ,  zirconates [9-16].
has been reported [4, 5]. A phase of the composition In the present work, experiments were carried out to
SrS0O; was identified in the binary system SrO-SnO investigate the formation of SrSs@nd SgSnQ, us-
at 1350°C [6]. ing the peroxide route. Investigations for the synthesis
SrSnQ, the mostimportant of these compositions, isof the composition S6nO; are also described. The
a dielectric material of technological importance. It is precipitation of the strontium- and tin-containing pre-
normally synthesized attemperatures above 2@y  cursors, their thermal degradation to the stannates and
solid-state reaction between Srg@r SrO and Sn@  the characterization of intermediate products and the
It crystallizes in the cubic system of perovskite [5, 7]. final stannate powders as well as the results from sin-
The relatively high preparation temperatures lead oftetering studies are presented here. The results are com-
to powders of large and varied grain sizes and varyingared with those obtained for barium, magnesium and
impurity content. calcium stannates formed using the peroxide route.
SrSnQ, is found to be stable in the tetragonal
K2NiF4 structure [6, 8]. There exist two continuous se-
ries of solid solutions with B&5nQ, and SgTiO4 [6]. 2. Experimental procedure
The formation of SfSnQ, occurs at temperatures be- A starting solution was prepared by dissolving S¥Cl
tween 1000C and 1250C starting from SrC@and  6H,0O (Merck KGaA, Darmstadt) and SnC{Merck
SnQ [5, 6]. SBSLOy crystallizes in a rhombic struc- KGaA, Darmstadt) in dilute hydrochloric acid. The Sn
ture [6]. There is a limited series of solid solutions with concentration used was 0.6 mot| This solution was
Sr3Ti>O7. A maximum of 5% Sn can be substituted by added rapidly at 10C under argon in a 1.5-fold volume
Ti. On the other hand, there exists a continuous seriesf a solution of hydrogen peroxide and ammonia in
of solid solutions with BgSn,Oy [6]. water. The molar ratios of Sr&bH,O to SnCj to H,O,
There is only few information on the wet chemical to NHz used were 1: 1: 2.5: 12 for SrSp®2: 1:
possibility of preparing SrSngfine powders [1]. So 5: 12 for SpSnQ, and 3: 2: 7: 20 for YSnO;.
it is possible to synthesize this material in a powdered.ight yellow amorphous precipitates were formed in
formviathe precipitated hydrated stannate of the formahll cases during the addition of the strontium- and tin-
composition SrSn@3H,0. The evaporation of water containing solutions. The precipitates were filtered and
during calcination occurs below 30Q, and the first washed with deionized water. No chloride was found
SrSnQ reflections in the X-ray diffractogram can in- after washing. The wet powders were then dried with
dicated at temperatures of about 480[1]. concentrated sulphuric acid in a desiccator. They were
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calcined at different temperatures up to 10000 form TABLE | Analytical data for the peroxo precursors and for the prod-

stannate phases. ucts obtained after thermal treatment at 100Qweight loss fo 1 h at
000°C
The as-prepared precursors and heat-treated povel- )
ders were investigated by chemical analysis as fol- SrSnQ(02)-3H,0 srsnQ

lows: tin was analyzed gravimetrically as Sn@nd

strontium was titrated complexometrically with thy- COmPonent  Bxp. (%) - Cale. (%) Exp. (%) Calc. (%)

moIphtthgxon as indicator. T_he peroxjde content Ofsyontium  26.9 27.0 34.4 34.4

the precipitates was analyzed iodometrically. Tin 36.5 36.6 46.8 46.7
Thermal decomposition of the peroxo-precursorsPeroxide 9.7 9.9 — —

was investigated by thermo-gravimetry (Thermogravi-"Veightloss  22.0 216 - -

metric Analyzer 951 system, DuPont Instruments, heat-
ing rate 600C h~1) and differential thermal analysis

(Thermal Analyst System 2100, DuPont Instruments, Exp. (%)  Calc. (%) Exp. (%)  Calc. (%)
heating rate 300C h~1). An air atmosphere was used

SrRSNGs(0y)-2H,0 SLSNQy

for these measurements. X-ray diffraction ﬁnvestiga—fitrzont'“m 2492_'17 2492_67 ;35%'39 ;3?'20

tions (Philips PW 1710 diffractometer, Ni filter and peroxide 75 7.8 _ _

Cu K, radiation) allowed the formation of the stannateweightloss  13.0 12.7 — —

phases to be located. Certain impurities were measured

using atomic absorption spectrometry (Perkin-Elmer StsSm05(0)2-5H,0 "StsSm07”

303) and atomic emission spectrometry (PGS 2 appa- Exp. (%) Calc. (%) Exp. (%) Calc. (%)

ratus, Carl Zeiss Jena). Surface characterization was

carried out by BET measurements (Accusorb 2100 Dgtrontum  35.8 358 42.8 42.9

Micromeritics, nitrogen adsorption). Tin 32.2 323 38.7 388
Peroxide 8.6 8.7 — —

'The strontium stannates Sr$@@nd SpSnQ, ob- Weight loss ~ 16.9 16.6
tained as powders by calcining the precursors at
1000°C for 1 h were investigated with respect to
their sintering behaviour. The powders were mixed )
with a binder solution (65% D, 25% glycerol, 10% Cium stannate precursors. These have the composi-
polyvinyl alcohol) in a mortar, deagglomerated for tions BaSn@(Oz)2-3H,0, BaSnG; (O2)-2H,0 and
20 min in a vibratory mill, dried and sieved out at Ba&Sn0s(02)2-5H20 [9], MgSnGy(O,)-3H,0 and
80 mesh. The resulting powders were pressed in th¥92Sn03(02)-5H20 [10], and CaSngl0z)-3H.0
form of discs under a pressure of 125 MPa and sin@nd CaSnG;(Oz)-5H,0 [11]. _
tered at 1200C and 1400C. The densities of the pel-  TO prepare stannate powders at the lowest possible
lets were determined by weighing and measuring thdéémperature, the investigation of the precursor decom-

dimensions using a micrometer before and after eacROSition behaviour is important. The DTA, TG and
heating step. DTG results for the dried peroxo precursors are illus-

trated in Fig. 1. A similar degradation behaviour can
be observed for the three precursors. There are two
ptages of weight loss in each case. The precursor pow-
ders show an initial weight loss below 300 resulting
from the evaporation of water. An indication of this

3. Results and discussion
The analytical results of the dried precursors and o
the powders obtained after calcination at 1000
are summarized in Table |. The values for the stron . . .
tium, tin and peroxide contents are very close to th rocess is the (_a_ndothermlc effeqt in the DTA Curves.
expected stoichiometric compositions. Sr$(). he decomposition of the peroxide groups occurs in
the temperature range between 800and 700C. A
g:zg arSerzfr? gggr%srl ch())}np?)gijti onSsgsf;hrOiﬁ?)tzﬁree second endothermic effect in the DTA diagram indi-
precursors. The reactions for the precursor formatioFates the r.elease of oxygen. An exotherm above’ 850
can be summarized by the following equations: Qbsgrved in all three; cases is the result of the crystal-
lization of the strontium stannate phases. The thermal
treatment at increasing temperatures is accompanied
SrCh + SnCh + Hy0; + 6NHs + 5H,0 — by a decrease in the specific surface area of the pow-
SrSnQ(0,)-3H,0 + 6NH,CI (1) ders. Table Il shows the result of BET measurements,
including the calculated mean particle sizes for the pow-
2STCh + SnCl + H0z + 8NHg + 5H,0 — ders formed during the thermal degradation of the pre-
SKRpSNG(05)-2H,0 + 8NH,CI (2)  cursor SrSn@0,)-3H,0. The specific surface areas
with relatively high values correspond with very small
3SrCh + 2SnCh + 2H,0; + 14NHs + 10H,0 — particle sizes of the powders. A strong agglomeration,
SSK05(05)2-5H,0 + 14NH,CI (3)  which can be observed in the electron micrographs, is
attributed to the high surface energies of the powder
The used preparation route results in light yellowparticles. Fig. 2 shows the SEM images of the pre-
homogeneous powders which, on thermal treatmentursor SrSngO,)- 3H,0 and its decomposition prod-
up to temperatures above 50D, lead to crys- ucts at 550C and 900C. A significant grain growth
talline materials. A similar situation has been foundis observed for SrSnafter calcination at 900C
for the corresponding barium, magnesium and calfor 1 h.
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Arbitrary units
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20 120 220 320 420 520 620 720 820 920

Temperature (°C)

——TG —+—DTA ——DTG

Figure 1 DTA, TG and DTG curves of (a) SrSn(D;)-3H;0,
(b) SESNG;(02)-2H20 and (c) S§Sp0s5(02)2-5H,0.

TABLE |l Specific surface area and mean particle diameter as ¢
function of the calcination conditions for the powders obtained during
SrSnQ formation

Conditions Specific surface Mean particle
(h/ecy—t area (R g 1) diameter (tm)
8/200 114 0.01

8/400 90 0.01

8/600 54 0.02

8/800 36 0.03

8/1000 12 0.08

The XRD patterns of the three dried and heat-treate:*
peroxo-precursors are shown in Fig. 3. The diffrac-
tograms for samples obtained at temperatures belo
500°C consist of low broad humps ir_1dica_lting X-ray _ ure 2 SEM micrographs of (2) SrSn@Dz)-3H,0, (b) powder ob-
amorphous pha;es. A cpmparable Sltua_tlon has be‘%?ned after calcination of SrSp(D>)-3H,O at 500°C for 1 h and
observed for barium, calcium and magnesium Stannat%) SrSnQ obtained after calcination of SrSa,)-3H,O at 900°C
formed by thermal degradation of peroxo-precursorsor 1 h.

[9-11]. The calcination of SrSnQ0O,)-3H,0,

Sr28n03(02)-2H20 and S§SF}205(02)25H20 at

550°C leads to small broad reflections in the diffrac- lower temperatures suggest an incomplete crystalliza-
tograms which indicate the formation of stannatetion process.

phases, SrC®and SnQ. There is no evidence for SrCQ; and SnQ can be indicated as intermediate
SrCQ; and SnQ@ only in the case of the decomposition phases up to 75@ during the degradation of
of SrsnQ(0,)-3H,0. With increasing temperature SrLSnG;(02)-2H,0 and SgSnpOs5(02)2-5H,0. Only
above 550C, forced crystallization can be observed in stannate phases are found at temperatures abov€750
all cases. The broad patterns of the powders calcined &tll essential reflections for SrSn@an be indicated for
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. TABLE IIl Specific surface area and analytical data of the powders
* * LR B N R 4 * * 40 * . . .
900°C used for the sintering experiments
I - Impurities (ppm)
Specific surface Dggr
* * * * 1 .
| | 700°C Powder  area (fg1) (um) Al Ba Na Si Ca
L |
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Figure 3 X-ray diffractograms of the decomposition products of

(@) SrSnQ(02)-3H,0, (b) SESNO3(02)-2 H20 and (¢) SESn0s(02)2- Time {min.)
5H,0 (A SNGy, x SICQ;, ¢ SISNQ@, O SKHLSNQY).

Figure 4 Densification parameter of SrSg@nd SpSnQy compacts as

a function of isothermal heating time at (a) 12@and (b) 1400C.
the decomposition of SrSnQD,)-3H,0 at 900°C. A
comparable situation is observed for the degradation
of SRSNG;(0,)-2H,0 at the same temperatures. Only purity of the strontium stannates prepared using the per-
the reflections of SEnQ, are found in this case in the oxide route is significantly better than that of compa-
diffractogram. The reaction of the intermediates S§CO rable powders with the same composition synthesized
and SnQ has completed the formation of:8nQy. by the solid state reaction between SeCahd SnQ.

Another situation has been found for the further de-The higher purity together with the more advantageous
composition of S§Sn05(0,),2-5H,0 above 750C.  morphologic situation can be the basis of better prop-
Diffractograms are obtained containing the reflectionserties of functional electronic elements produced using
of SrSnQ as well as SISnQy. Both stannates seem to the peroxide derived stannate powders.
be formed in an equimolar ratio. There is no evidence The densification parameteris calculated with the
for the formation of a stannate s$8n,O;. At 1200°C,  relationa = (ot — po)/(pth — po), wherepg is the start-
very sharp peaks corresponding exactly to the patternisg density after compacting; is the density at a given
of SrSn@ and SpSnQ, are observed. The precursor time, andpy is the theoretical density (6.43 g crhfor
BagSrp05(05),-5H,0 decomposes in a similar man- SrSnQ, 5.78 gcnt? for SSnQy). The equation has
ner to BaSn@and BaSnQ, [9]. BagSnOy7 could not  regard to the different starting densities in a favourable
be formed by this route, too. manner. Theg values are 3.01 g cnd for SrISnQ (47%

Fig. 4 shows the densification curves for Srgm@d  of py) and 2.92 g cm? for SLSNQ, (51%) compacts.
SrRLSNQ, compacts obtained by isothermal sintering atSintering at 1200C leads in both cases to a remarkable
1200°C and 1400C. Table Il contains the results shrinkage of the stannate samples. The densification is
of surface area measurements and analytical investslightly better for SrSn@compared with SISnQy. The
gations for the SrSngand SpSnQ, powders applied highest densities aftet h at1200°C are 5.03 gcm®
for the sintering experiments. Only relatively small for SrSnQ (78%) and 4.52 g crr® for SrpSnQy (78%).
amounts of impurities are indicated by the quantitiveSintering at 1400C leads to extremely strong densifi-
analysis. Carbonate was not detected in any case. Ttoation of the compacts. Densities near to the theoretical
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values are obtained. The highest densities measured aftarting from the precursor 8nG;(0,)-2H,0. Exper-
ter4hatl400°C are 6.11 g cm® for SrSnQ (95%) and  iments to synthesize the compositionSmn0- lead to
5.38 g cn12 for SLSNQ, (93%). Comparable sintering negative results. A stoichiometric precursor is formed
studies with strontium stannates formed via the solicalso in this case, but the thermal decomposition at
state reaction show significantly worse sinterability. higher temperatures yields a mixture of Srgredhd
The obtained densities have values of about 90%0f SrLSnQ, in the ratio 1: 1.

The densities obtained after sintering of barium, mag-

nesium and calcium stannates formed via the peroxide
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