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Strontium-substituted lanthanum chromites (La; _,Sr,CrO;) were prepared by self-propagating high-temperature synthesis (SHS)
using solid oxidisers.

Strontium-doped lanthanum chromites are widely used as eleferm a line of powder of dimensions 1x5 cm. An electric fila-
trode materials in magneto-hydrodynamic generators and as ament on the upper surface of the sample was used to ignite the
interconnect material in solid oxide fuel célsThe material reactions. This promoted an orange propagation wave, which
has been synthesised from a stoichiometric mixture gbl.a travelled at 2-5 mm% The reaction products were triturated
Cr,O; and SrCQ by conventional ceramic processes involving with water to remove sodium chloride and analysed by X-ray
extensive heating, millifgand reheating. It has also been formedpowder diffraction, Raman spectroscopy, vibrating sample mag-
by glycino—nitraté and citrate precipitatiGrprocesses. Unsub- netometry and scanning electron microscopy/energy dispersive
stituted lanthanum chromites have been prepared by self-pranalysis by X-rays (SEM/EDAX). The reactions were studied
pagating high-temperature synthesis (SHS) in an oxygen atméy TGA/DTA on a SETARAM TAG24S24 instrument.
sphere and using solid oxidising agents such as sodium per-The SHS reaction is driven by the exothermic oxidation of
chloratet” These reactions proceed by means of a synthesishromium metal. Sodium perchlorate and strontium peroxide
wave that moves through the reactant powders. The processaee internal oxidising agents in the reaction. Lanthanum oxide
sufficiently exothermic to allow the ignition of successive layersacts as a heat sink. In the strontium carbonate reaction, carbon
of reactants. These syntheses include rapid reactions and midioxide is released. The maximum reaction temperature was
mal processing of the solids. In many cases, pure lanthani@®i70 K for the strontium carbonate reaction (2) and 2270 K for
chromite was formed directly in the reaction. Here, we reporthe strontium peroxide reaction (1). Chloride chemical analysis
a synthesis of the strontium-substituted lanthanum chromitesf the SHS product proves that more than 70% co-produced
La;, _,SrCrO; (0<x<0.25). In particular, we explored the sodium chloride (formed by decomposition of the internal oxi-
effect of an internal oxidising agent on the reaction mixture. Welising agent sodium perchlorate) is sublimed away from the pro-
investigated the reaction pathway using quenching techniquetuct. The remaining sodium chloride is removed from the product
and thermogravimetry and differential thermal analysis (TGA/&o below detection limits simply by washing the product with
DTA). water. The particle size of the washed products was in all cases
Combustion processes were carried out in air with mechaaround 5Qum. The specific surface areas of all the powders
nically ground mixtures of L, SrO,, SrCQ, Cr, CrQ, and  were in the range 3400-400G ky-1. The EDAX spot analysis
NaClQ,. All reagents were combined in stoichiometric quan-of the washed products showed the expected Sr:La:Cr ratios

tities according to the reactions: and notably no sodium or chlorine. Raman spectroscopy analysis
(2 pm resolution) showed that the samples were homogeneous;
(1 -x)/2L8,05 + XSO, + Cr +yNaClO, > an unsubstituted sample gave bands at 152, 177, 257, 439, 591
La, ,SKCrO; +yNaCl (@) and 679 cmt. The introduction of strontium into lanthanum
(1 —x)/2La,04 + XSICQ; + Cr +zNaClo, - chromite causes additional bands to appear around 840 cm
La, _,Sr,CrO; + zNaCl +xCO, ) The X-ray powder diffraction data for the SHS-prepared

powders are consistent with that for materials prepared by con-
ventional ceramic synthesis. The replacement of lanthanum by
This starting material (~10 g) was placed on a ceramic boat tstrontium in Lg _,Sr,CrO; causes a reduction in the unit-cell

(x=0, 0.16 or 0.25y andz were adjusted to the oxygen stoichiometry)
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Figure 1 TGA and DTA curves for the SHS reaction,0g + SrQ, + Cr + Figure 2 TGA and DTA curves for the SHS reaction,0g + SrCQ, +
+ NaClQ, under conditions of linear heating. + Cr + NaClQ, under conditions of linear heating.
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Table 1 Structural and magnetic properties of; LgSr,CrO; compounds prepared by SH& i§ the picnometric densitys is the specific saturation
magnetizationy is the volume of a formula ungy is the pseudo-cubic parameter; EDAX compositions were determined to within 0.02).

Unit-cell

X Crystal lattice parameters/nm V/10-2nm? ay (VA3nm) 0/102Am2kgl EDAX composition  d/10%kg m3
0 Orthorhombic a=0.5502 5.581 0.3882 0.106 La:Cry o3 6.50
b=0.5481
c=0.7761
0.16 Rhombohedral a=0.5462 5.794 0.3870 0.055 lg&4S15.1:CrO; 5.24
(a =60.260°)
0.25 Rhombohedral a=0.5450 5.790 0.3869 0.031 Lg8r5S15 2:CrO;5 5.04
(a =60.520°)

volume (Table 1). The unsubstituted lanthanum chromite hathe decomposition of sodium perchlorate and strontium peroxide,
an orthorhombic unit cell. The samples of, k#5r, ;CrO; and  there is considerable oxidation of chromium, which together
La, 7590 ,:CrO; indexed with rhombohedral unit cells. The with the formation of SrO, promotes the formation of SrCrO
calculated pseudo-cubic parametgidecreases with strontium
substitution. This is related to eg@partial non-isovalent substi- 2570+ C80s * 1.50, > 2SrCrQ; )
tution of L&~ (ionic radius of 0.106 nm) from rare-earth sites of The heat evolved in the reaction was maximum at 900 K (pri-
the perovskite-type structure by2S(ionic radius of 0.127 nm). marily from the oxidation of chromium metal); this promotes
The substitution of strontium in the structure partially oxidiseshe reactions of chromium and lanthanum oxides
the chromium to G to maintain a charge balance. This oxida- N .
tion of chromium causes a decrease in both the chromium— -2203* %05~ 2Lacroy ®)
oxygen bond length and the unit-cell volume. As can be seen in 30+ €205 +O; > 2LaCr0,. ©)
Table 1, increasing strontium substitution leads to a reduction iihe mutual dissolution of the intermediate reaction products
the density and specific magnetisation. The reduction in madiappens in the temperature range 880-1120 K and is completed
netisation is caused by a change in the chromium-to-chromiutoy the formation of the final product LaSr,CrO; from the
interaction and can be correlated to the changes in the unit-cefielt at 1260-1270 K.
structures The TGA/DTA curves for the reaction with Sr¢{Dstead of
The reactions to form strontium-substituted lanthanum orthoSrQ, are shown in Figure 2. The oxidation source in this reac-
chromites were also studied using a 50:50 mix of a@d  tion comes only from the decomposition of sodium perchlorate.
chromium metal. In this case, a drop in the synthesis temperd@he decomposition of sodium perchlorate is incremented with
ture of 200 K was observed for both the strontium carbonatsome oxygen released at 600—620 K, but the majority was re-
and strontium peroxide reactions. Chromivppxide acts both  leased at 720-750 K. This second pulse of oxygen release cor-
as a heat sink, reducing the exothermic effect of the reactiomgsponds to the maximium exotherm in the DTA. Note that in
and as an oxygen source to promote the fusion reaction: this system the intermediate SrGri® not formed. The tem-
CrO, + Cr> Cr0 3 perature of C@desorption from SrCOwith formation of SrO
2-s occurs at 990-1170 K. With a further increase in the tempera-
The reaction mechanism was probed using liquid nitrogen tture, SrO dissolved in the LaCg@ aCrQ, melt according to
extinguish the reaction front and a large conical metal construceactions (10) and (11) with subsequent crystallization of the
tion that inhibits the propagation wave as the neck of the corfinal product from the melt.
decrease$.The level-by-level analysis of the frozen reaction
zone by powder X-ray diffraction indicates that in both of the (1 -x)LaCrO, + xSrO + 0.%Cr,05 >

systems LaCrg LaCrQ, and SrO were formed as intermediates. La; _,SKCro; +0.2%0, (10)
The reaction mechanism was also probed by extensive TGA/ (1 _x)LaCr0, + xSrO + 0.XCr,0, -
DTA measurements of all of the individual components over the La, ,SrCro, + 0.750, (11)

temperature range 300-1800 K. Analysis of the chromium metal
fuel source shows that it starts to oxidise under a flow of oxygen SHS reactions offer a fast single-step route to the high-purity
at 980 K and shows a maximum heat evolution at 1120 K. Thisingle-phase La ,Sr,CrO;. The reaction is promoted by the
oxidation corresponds to a weight increase by 13.3% and @xidation of chromium metal. The heat evolved in the reaction
incomplete. is sufficient to form a good solid solution without recourse to
2Cr + 150, » Cr,0 4 annealing of the product. The products from the SHS process
) 2-s show physical properties equivalent to those of conventionally
In the presence of L@, the oxidation of chromium metal prepared materiafs5 A number of important intermediates such
occurs in a stepwise manner; the oxidation begins at 1150 Kas SrO, SrCrQ) LaCrQ,;, LaCrQ, and CyO; were isolated on
and a maximum heat evolution is observed at 1270 K. Théhe route to La_,Sr,CrO;.
addition of an internal oxidant such as sodium perchlorate or
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As a result of the considerable release of oxygen accompanyineceived: 29th February 2000; Com. 00/1616

Mendeleev CommunicationElectronic Versionlssue 4, 2000 (pp. 125-166)



