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Conditions for the preparation of stoichiometric barium zirconyl oxalate hepta- 
hydrate (BZO) have been standardized. The thermal decomposition of BZO has been 
investigated employing TG, DTG and DTA techniques and chemical and gas analysis. 
The decomposition proceeds through four steps and is not affected much by the sur- 
rounding gas atmosphere. Both dehydration and oxalate decomposition take place in 
two steps. The formation of a transient intermediate containing both oxalate and car- 
bonate groups is inferred. The decomposition of oxalate groups results in a carbonate of 
composition Ba2Zr2OsCO3, which decomposes between 600 and 800 ~ and yields barium 
zirconate. Chemical analysis, IR spectra and X-ray powder diffraction data support the 
identity of the intermediate as a separate entity. 

The zirconates of bivalent metals, especially those of alkaline earths and lead, 
are technologically important because of their electrical properties. Generally, 
these zirconates are prepared by high-temperature methods and the products are 
usually non-stoichiometric. This has necessitated the development of low-tempera- 
ture chemical methods to prepare them as high-purity materials. The analogous 
titanates of bivalent metals can be obtained by the thermal decomposition of the 
corresponding titanyl oxalates [1 - 5]. It is therefore interesting to look at the zir- 
conyl oxalates as possible precursors of the metazirconates. Zirconyl oxalates 
could not be prepared by the coprecipitation method employed for titanyl oxa- 
lates. The method developed by Sheinkman et al. [6] always yielded a zirconium- 
poor precipitate Unlike titanyl oxalates, where the available literature is copious, 
though often contradictory, the literature on zirconyl oxalates of bivalent metals 
is rather scanty. This prompted the present investigation on zirconyl oxalates. 

Experimental 
R e a g e n t s  

All reagents were either BDH Analar or E Merck "Pro analyse" grade chemi- 
cals. Barium zirconyl oxalate heptahydrate (BZO) was prepared as follows: The 
acid H2ZrO(C204)2 " 3 H20 was prepared by the method of Zaitsev et al. [7, 8]. 
The acid was ammoniated by passing dry ammonia, diluted with nitrogen, over 
the solid [9a] to get (NH4)2ZrO(C204)2" 3 H20. Freshly-prepared ammonium 
salt was dissolved in water (2.444 mg Zr m1-1) and the pH was adjusted to 6. This 
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Table 1 

Effects of concentrations of reagents and pH on the stoichiometry of 
the precipitated barium zirconyl oxalate 

The nature  of  
ba r ium in solution 

As chloride 

As acetate 

Ba I N Z O  

I p H  

2.5 
3.0 
4.6 

Ba [ Z r  C2Oa 

in the precipitate before precipitation 

1.5 1 
1.0 1 
1.5 1 

1.5 1 
2.0 1 
2.0 1 
2.0 1 

5.5 
5.0 
5.5 
6.0 

0.81 
0.81 
0.89 

0.91 
0.90 
0.95 
1.00 

i 2.12 
1 1.96 
1 2.06 

1 1.98 
1 1.98 
1 1.99 
1 1.99 

solution was added to a solution of ba r ium acetate (7.364 mg Ba m1-1) at pH 6. 
The stoichiometry of the precipitate depends on the pH and the ratio of Ba : Zr  
in the solut ion (Table 1). The precipitate was washed several times with distilled 
water and filtered. It  was finally washed with acetone and  air-dried. The air-dried 
sample corresponds to the composi t ion BaZrO(C204)2 �9 7 H20.  The analysis of 
such a sample gave the following results: Ba: 24.91; ZrO:  21.2; C204: 32.02; and 
H 2 0 : 2 3 . 2  per cent. Calculated values for BaZrO(C204)2 �9 7 H 2 0  are Ba: 25.14; 
ZrO:  21.34; C~O~: 32.2; and H 2 0 : 2 3 . 0 4  per cent. X-ray powder diffraction data 

on BZO are presented in Table 2. 
Table 2 

X-ray powder diffraction data on barium 
zirconyl oxalate heptahydrate 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

Sl No.  d, A I / l  0 

6.21 
4.71 
4.12 
3.840 
3.559 
3.393 
3.307 
3.146 
3.025 
2.825 
2.723 
2.509 
2.330 
2.270 

S 

m 
S 

W 

m 
W 

w 

W 

W 

m 
m 
m 
m 
m 

* The intensities are visual estimates only 
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Analysis 

The oxalate was decomposed by gentle heating and the residue brought into so- 
lution with hydrochloric acid. Barium was precipitated as the sulphate and weighed 
as BaSO~, while zirconium was precipitated with cupferron, ignited and weighed 
as ZrO2. Oxalate was estimated by titration with permanganate. Carbonate was 
determined by decomposing it with hydrochloric acid and absorbing the evolved 
carbon dioxide, after drying, in ascarite. The gaseous products of decomposition 
were analysed by employing a conventional vacuum manifold with calibrated dead- 
space. The total volume of the gases evolved at any given temperature could be 
determined. As carbon monoxide and carbon dioxide were the only gases evolved, 
their ratio was measured as follows. After recording of the total pressure of the 
gases, carbon dioxide was condensed by means of a liquid nitrogen trap, and un- 
condensed carbon monoxide was pumped out. The cold trap was removed and the 
pressure developed was recorded. From the difference, the proportion of carbon 
monoxide was estimated. 

Instrumental methods 

Thermogravimetric analysis in flowing atmospheres of air, nitrogen and carbon 
dioxide, and in a vacuum, was carried out on a manual thermobalance which em- 
ployed a sensitive quartz spring. The experimental set-up was similar to that of 
Hooley [9]. Sample weights were ca. 150 rag. DTA in different atmospheres and 
in a vacuum was carried out in a unit similar to that of  Lodding and Hammel [10]. 
Sample weights were ca. 400 mg. 

IR spectra in the range 400-4000  cm -1 were recorded with a Carl-Zeiss Jena 
U R  10 double-beam instrument, with samples in both Nujol mull and alkali halide 
pellets. X-ray diffraction patterns were recorded photographically, using a Philips 
Debye-Scherrer camera of 57.3 mm diameter and nickel-filtered copper K,  radia- 
tion from a Rich-Seifert Iso Debyeflex X-ray unit. 

Results 

The DTA curves of BZO in different atmospheres are shown in Fig. 1. Figure 
2 shows the D T G  curves. The one-to-one correspondence between the DTA and 
D T G  curves indicates that all the thermal effects are accompanied by weight losses. 
There are three principal steps in the decomposition, the likely reactions being (i) 
dehydration, (ii) decomposition of the oxalate to an intermediate carbonate, and 
(iii) decomposition of the carbonate to barium zirconate. These three major events 
remain unaffected by the nature of the surrounding atmosphere, except that the 
oxalate decomposition is exothermic in air. The complete data for the observed 
weight losses and the corresponding temperature ranges are given in Table 3. 
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\ 

w~ 

0 200 400 600 800 
Ternperc~iure ~ ~ 

Fig. 1. DTA on BZO in (a) air, (b) carbon dioxide, (c) nitrogen and (d) a vacuum 

b 

0 2OO 400 6O0 800 
Temperature ~oC 

Fig. 2. DTG on BZO in (a) air, (b) carbon dioxide, (c) nitrogen and (d) a vacuum 

Dehydration of the hydrate 

Dehydra t ion  takes  place  in two steps. In  the  t empera tu re  range 2 5 - 1 2 0  ~ five 
moles  o f  water  of  hydra t ion  are  lost. A n h y d r o u s  BZO is fo rmed  in the t empera tu re  
range  1 2 0 - 2 0 0  ~ . In  vacuum bo th  the dehydra t ion  steps are complete  a r o u n d  

J. Thermal Anal. 19, 1980 
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125 ~ . The observed weight losses are in the range 22.5 to 23.5 per cent, in reasonable 
agreement with the calculated value of 23.03 per cent for the removal of 7 H20 
mole -1. The first step of dehydration is reversible, whereas the second step is irre- 
versible. BZO is crystalline, but the anhydrous material is poorly crystalline. How- 
ever, the material is non-porous, as revealed by its low surface area of 2.0 m2g -1. 

Decomposition of the oxalate 

Thermal decomposition of the oxalate is a two-step process. The first endother- 
mic reaction occurs from 200 to 380 ~ with a weight loss of 3 per cent. Analysis of 

AT 

L i , i , I ~ F 
200 400 600 80O 

Temperature~eC 

Fig. 3. DTA on anhydrous BZO in (a) air and (b) a vacuum 

the gas evolved when anhydrous BZO is decomposed at 320 ~ shows that only 
carbon monoxide, amounting to 0.75 mole per mole BZO, is evolved. This step is 
endothermic even in air. Two explanations are possible for the endothermic na- 
ture. The decomposition takes place virtually in an atmosphere of water vapour 
from the preceding dehydration step. Alternatively, the oxidation of carbon mon- 
oxide takes place at a higher temperature. The DTA of completely dehydrated 
BZO in air and in a vacuum (Fig. 3) shows the first oxalate decomposition step 
to be endothermic in both. Dehydrated BZO is packed into the stainless steel 
sample holder, the furnace is maintained at 125 ~ and the DTA assembly is evac- 
uated to drive out all adsorbed moisture from the sample. Air is admitted to the 
system and DTA carried out. The results ace similar to those of Fig. 3(a). This es- 
tablishes that the gas phase oxidation of carbon monoxide does not occur in this 
temperature range. The residue at this stage has an apparent composition 
Ba2Zr202(C204)2.5(CO~)~.5 and could not be isolated as a stable intermediate. 
The second stage of oxalate decomposition, which is expected to be the major event 
in the thermoanalytical experiments [1], is not prominent in the DTA curves, 
though it is prominent in DTG. This occurs in the temperature range of 360 to 
525 ~ with a weight toss of 19.0 to 19.5 per cent in different gas atmospheres. The 
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shallow DTA peaks might be due to the wide temperature range of decomposition, 
or it might be inherently a low-enthalpy process. Analysis of the gaseous products 
shows that both carbon monoxide and carbon dioxide are simultaneously evolved. 
A complex set of reactions takes place at this stage of oxalate decomposition, which 
involves oxidation and/or disproportionation of carbon monoxide, and oxidation 
of carbon (in air) produced during the disproportionation of carbon monoxide, 

c 
L1 

E 

c 
c~ 

I 

1800 1600 1400 1200 1000 800 600 500 400 
WGve number,  cm 1 

Fig. 4. IR spectra of (a) BZO, (b) Ba2Zr~O~(C20,)z.5(CO:;),.5 and (c) Ba2Zr2OsCO a 

in addition to the decomposition of the oxalate. Because of these multiple pro- 
cesses, the total weight loss is variable, depending on the surrounding gas atmosphere. 
The oxalate decomposition is endothermic in all other atmospheres but air. In air 
the endotherm is masked by the highly exothermic oxidation of carbon monoxide. 
The residue at this stage has a composition Ba~Zr20~COa. The residue is white 
when BZO is decomposed in air, but is brown to black if the decomposition is 
carried out in a vacuum or an inert atmosphere. The colour of the residue is due 
to the presence of traces of elemental carbon. Isothermal heating of BZO at 450 ~ 
for 48 hours yielded a residue of the same composition. The chemical analysis of 
the residue gave the following results: Ba: 45.82, ZrO2:20.72 and COz: 7.43 per 
cent; calculated values for Ba,,ZrzOsCOa are Ba: 46.01, ZrO2:20.63 and CO2: 
7.37 per cent. The residue is crystalline and the reflections in the X-ray powder 
diffraction pattern (Table 4) do not correspond to the strongest reflections of ba- 
rium carbonate, zirconium dioxide or barium zirconate. Thus, the residue is not 
a mixture of barium carbonate and zirconium dioxide, but a separate compound. 

Figure 4 gives the IR spectra of BZO and of the different intermediates. The prin- 
cipal band of BZO (Fig. 4a) is the symmetric stretching frequency of the C - O  

J. Thermal Anal. 19, 1980 
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group of the oxalate at 1680 cm -1. Other bands, which are all combination bands, 
are a*tributable to different normal modes of vibration of the oxalate group. 
Spectrum C is that of a true ionic carbonate; the Va,, at 1445 cm -1 is nearly sym- 
metrical, v, at 1065 cm -1 is weakly active, and the deformation mode and the 
out-of-plane bending mode occur at 695 cm -1 and 865 cm -a, respectively. None 
of the intermediates show absorption in the region 1800-2200 cm-1 (character- 
istic of free carbon monoxide or coordinated carbonyl groups). In addition there 
is no absorption band in the region 2200-2400 cm -~, indicating the absence of 
entrapped carbon dioxide. Spectrum b, which is for the residue from the first stage 
of oxalate decomposition, exhibits the absorptions of both oxalate and carbonate 
groups. 

Decomposition of the intermediate carbonate 

The carbonate Ba2Zr2OsCOa decomposes between 600 and 800 ~ with the evo- 
lution of carbon dioxide, giving rise to barium zirconate irrespective of the nature 
of the surrounding gas atmosphere. The final endotherm in DTA corresponds to 
this step. The decomposition is shifted to a higher temperature in carbon dioxide 
atmosphere. The temperature of decomposition is also slightly higher in a vacuum, 
contrary to expectations. The observed weight loss for the carbonate decomposi- 
tion varies from 3.5 to 4.5 per cent, as against the calculated loss of 4.03 per cent. 
The end-product is crystalline barium metazirconate. 

Discussion 

The thermal decomposition of barium zirconyl oxalate of doubtful stoichiom- 
etry has been investigated by Sheinkman et al. [6], who have proposed the fol- 
lowing scheme for its decomposition: 

BaZrO(C204)2 " 5 H20 
140 ~ 

> BaZrO(C204)2 " 3 H20  + 2 H20 (1) 

BaZrO(C204)2 " 3 H20 
240 ~ 

BaZrO(C204)2 + 3 H20 (2) 

3 8 0  ~ 

BaZrO(C204)2 ~ BaCO3 + ZrO2 + 2 CO + CO2 (3) 

4 0 0 -  600 ~ 
BaCO3 + ZrO2 > BaZrO3(CO) + 1/2 O2 (4) 

6 0 0 -  900 ~ 
BaZrO3(CO) ~ BaZrOa + CO (5) 

d. Thermal Anal. 19, 1980 
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Those investigators employed a sample of  barium zirconyl oxalate precipitated in 
a strongly acid medium. As has been pointed out earlier, the precipitate in strongly 
acidic media will be deficient in zirconium. Such a sample has been observed to give 
rise to barium carbonate as one of the decomposition products. In fact, the evi- 
dence adduced for step(4)of the reaction is the presence of a weak line attributable 
to BaCO3 in the X-ray powder diffraction pattern of the residue. In the present 
study there is no evidence for any intermediate containing CO. Gas analysis at 
no stage shows oxygen as one of the constituents. During the final stages of the 
decomposition, only carbon dioxide is detected, and all evidence points to a true 
thermal decomposition of a carbonate rather than a reaction between two solid 
intermediates. 

Recently, Reddy and Mehrotra [16] investigated the thermal decomposition of 
barium zirconyl oxalate hydrate and proposed the following scheme for its 
decomposition : 

100-190 ~ 
BaZrO(CzO4)2 �9 4.5 H20  ~ BaZrO(C20~)2 ' 2.5 H20  + 2 H20  (1) 

190-- 260 ~ 
BaZrO(C204)2 " 2.5 H,,O ~ BaZrO(C,.,O4)2 + 2.5 H20  (2) 

260-- 460 ~ 
2 BaZrO(C204)2 ~ Ba2Zr,,OsCO3(CO) + 3 CO2 + 3 CO (3) 

Ba~Zr2OsCO3(CO) 

I/2 Ba2Zr20~CO3 

460-- 760 ~ 
~- 1/2 Ba2Zr2OsCO3 + BaZrO 3 + 

+ CO + 1/2 CO2 (4) 

760 - 920 ~ 
- -  ~- BaZrO3 + 1/2 CO~ (5) 

Our results substantiate qualitatively the two-stage dehydration and the final de- 
composition step leading to the formation of barium metazirconate. There is no 
evidence in our investigation to substantiate the formation of any intermediate 
containing either CO or CO2. The evidence of Reddy and Mehrotra [16] also shows 
that CO and CO2 are merely adsorbed on the surface. This leads one to infer that 
the residues employed by them for infrared spectra had not been heated to con- 
stant weight/composition. Hence, the compound Ba2Zr20~CO3(CO) cannot be 
compared to the stable entity Ba2Ti20~CO3(CO2)x [1 ]. Step (4) would mean that, 
by isothermal heating, one should be able to isolate a mixture of Ba2Zr20~CO 3 
and BaZrOa in the mole ration 0.5 : 1. We have not been able to isolate such a 
stoichiometric mixture. The decomposition of the carbonate is found to occur in 
one step only. 

The results of the present investigation indicate the following scheme for de- 
composition in air: 

J. Thermal Anal. 19, 1980 
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2 5 - -  t 2 0  ~ 

BaZrO(C2002 " 7 H20 -.. - -  BaZrO(C204)2 " 2 H20 + 5 H20 (l) 

BaZrO(C204)2 " 2 H20 - -  

2 BaZrO(CzO~)2 

Ba 2Zr 20 2(C 204) 2.5(CO3)1.5 

1 2 0 - - 2 0 0  ~ 
BaZrO(C204)2 + 2 H20 (2) 

2 0 0 . - 3 6 0  ~ 

360--500 ~ 

BazZrzO2(C204)2.5(COz)l.5 + 1.5 CO 

(3) 

Ba2Zr2OsCOa + 2.5 CO + 3 COs (4) 

500 - 800 ~ 
Ba2Zr2OaCOa " 2 BaZrO3 + CO2 (5) 

Equations (1) and (2) represent the dehydration steps. Equation (3), representing 
the first stage of decomposition of the oxalate, corresponds to the loss of only 
carbon monoxide and the formation of an oxalato-carbonate intermediate. The 
formation of this intermediate suggests the non-equivalence of the two oxalate 
groups in the structure of BZO. The non-equivalence also accounts for the two- 
step decomposition of the oxalate. Equation (4) represents the second step in the 
oxalate decomposition. Complete decomposition of the oxalate at this stage evolves 
both carbon monoxide and carbon dioxide in the limiting mole ratio 2.5 : 3. 
The actual ratio of these gases, as well as the accompanying thermal effects, are 
influenced by the secondary reactions of carbon monoxide. The observed ratio of 
CO/CO2 is 0.65, as against the expected ratio of 0.83. This is accounted for by the 
disproportionation of carbon monoxide, which is known to be catalysed by tran- 
sition metal oxides. It has been reported by Glasner and Steinberg [11 ] that as 
much as 70 per cent of the evolved carbon monoxide disproportionates in the de- 
composition of lanthanide oxalates. Complete destruction of the oxalate produces 
the carbonate Ba2Zr2OsCO3. The isolation of the intermediate Ba2Zr20~CO3 by 
isothermal heating, and its unequivocal identification by chemical analysis and its 
distinct X-ray powder diffraction pattern, has provided indisputable evidence 
against the previous postulate [6] that the formation of BaZrO3 is through a solid- 
state reaction between barium carbonate and zirconium dioxide. 

The final step is the decomposition of the intermediate carbonate yielding ba- 
rium zirconate and carbon dioxide. This decomposition is shifted to higher tem- 
peratures in carbon dioxide atmosphere. This is to be expected for the decomposi- 
tion of a true carbonate and further eliminates the possibility of a solid-state reac- 
tion between barium carbonate and zirconia. The end-product is crystalline barium 
zirconate. 

The various schemes [12- 15] proposed for the thermal decomposition of ba- 
rium titanyl oxalate tetrahydrate (BTO), a close analogue of BZO, invariably en- 

J. Thermal Anal. 19, 1980 
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Table 4 

X-ray powder diffraction data on Ba~Zr~OsCO8 

sI No. d,A 

3.593 
3.206 
2.608 
2.146 
2.094 
2.043 
2.010 
1.937 
1.372 

* The intensi t ies  are  visual  es t imates  

1/1 o 

s 
w 
s 
m 
w 
w 
m 
m 
n3 

on ly  

visage a solid-state reaction between barium carbonate and titanium dioxide as the 
step producing barium titanate. The evidence mostly was a faint line attributable 
to barium carbonate in the ill-defined X-ray powder diffraction patterns. As has 
been shown for non-stoichiometric BZO, titania-poor samples of  BTO do produce 
traces of barium carbonate on heating. We have shown in an earlier paper [1 ] that, 
during the decomposition of stoichiometric BTO, an intermediate of composition 
Ba2Ti,,OsCO3 is formed. This intermediate was non-crystalline and its identity had 
to be established by chemical analysis, the mode of further decomposition and the 
absence of lines due to BaCOa and TiO2 in the X-ray patterns. The identification of 
Ba2Zr2OsCOa as a distinct species leads us to conclude logically that the analogous 
Ba2Ti,,OsCO3 is a distinct compound, and not a mixture of barium carbonate and 
titanium dioxide. 

Though the general pattern of decomposition of BZO is similar to that of BTO, 
there are some significant differences. Dehydration of BZO takes place in two 
steps, the first stage of oxalate decomposition leading to an oxalato-carbonate is 
quite prominent, and the intermediates obtained during the decomposition of 
BZO are all crystalline except for the oxalato-carbonate. The residues do not show 
any tendency to retain carbon dioxide in the solid matrix, unlike the non-crystalline 
residues obtained in the decomposition of barium titanyl oxalate [1 ]. 

The au tho r s  express  their  s incere  t h a n k s  to Professor  A, R. V a s u d e v a m u r t h y  for  his keen  
interest and constant encouragement. One of us (TG) is grateful to the Council of Scientific and 
Industrial Research, India, for the award of a research fellowship. 
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RI~SUM1~ -- On a standardis6 les conditions de pr6paration de l 'oxalate heptahydrat6 de zir- 
conyle et de baryum (BZO) stoechiom6trique. On a 6tudi6 la d6composition thermique de 
BZO par TG, T G D  et ATD ainsi que par  analyses chimiques et analyses des gaz. La d6com- 
position a lieu en quatre 6tapes et n 'est  pas trop influenc6e par l 'atmosph6re ambiante.  La 
d6shydratation et la d6composition de l 'oxalate ont lieu en deux 6tapes. 15 se forme un com- 
pos6 interm6diaire de transit ion con tenan t / l  la lois les groupes oxalate et carbonate. La d6- 
composit ion des groupes oxalate fournit  un carbonate  de composit ion Ba~ZrrOsCO3 qui se 
d6compose entre 600 et 800 ~ pour fournir  du zirconate de baryum. L'analyse chimique, les 
spectres IR et la diffraction des rayons X sur poudre, apportent  les preuves de 1'existence 
d ' u n  compos6 interm6diaire comme entit6 s6par6e. 

ZUSAMMENFASSUNG - - .  Die Bedingungen for die Herstel5ung yon st6chiometrischem Barium- 
zirconyl-oxalat Heptahydrat  (BZO) wurden standardisiert.  Die thermische Zersetzung yon 
BZO wurde unter  Einsatz der TG-, DTG-  und DTA, sowie der chemischen und GasanaSyse 
untersucht.  Die Zersetzung verl/iuft fiber Tier Stufen und wird yon der umgebenden Gasath-  
mosph~ire nicht  besonders beeinflusst. Sowohl die Dehydratisierung als auch die Oxalatzer- 
setzung erfolgt in zwei Stufen. Die Bildung einer intermedi/iren Obergangsverbindung mit 
sowohl Oxalat- als auch Carbonatgruppen wirken hierbei mit. Die Zersetzung der Oxalat- 
gruppen ergibt ein Carbonat  der Zusammensetzung Ba~Zr20~CO3, das zwischen 600 und 800 ~ 
zersetzt wird und Bariumzirconat  ergibt. Die Angaben der chemischen Analyse, der IR-Spek- 
ren und der R6ntgen-Pulver-Diffraktion unterstiitzen die Identit/it der Intermedi/irverbindung 

als eine separate Einheit. 

Pe3IoMe - -  CTarI~apTrt3rlpoBarn, i ycnoBn~ nonyqen143I renTarrI)IpaTa Ilnprottltfl oKcaJiaTa 6apHa 
(BI.[O) cTexHoMeTprtqecroro COCTaBa. TepMmiecroe pa3~io~eni~e B ~ O  6blnO H3yaeno MeTO~IaMrt 
TF, ~ T F  rt ~TA,  a Tar~re XI, IMFItleCKHM 14 ra3OBbIM aHaJn43oM. Pa3aox~eHne nporeKaev B tleTblpe 
cTa~InH n He 3aTparnaaeTca naMnoTo oKpyacamme~ ra30BO/t aTMOCqbepo~. )Iera~IpaTaIIna rt 
pa3Ytogcenrte oKca.rlaTa npoTeKaev B ~IBe CTaRU.H. C~e~aHo 3arnro~tenrie 06 06pa30BanKrt HeycTo~- 
�9 tIcaoro npoMe}gyTOaHOrO npo~IyKTa, co~lepatamero o)lrIoBpeMerIno 06e orcaaaTayro ~t Kap60- 
aa rnyro  rpynm, I. Pa3aoxerme orca~aTm, ix rpynn nprmo~r~T r rap60aaTy COCTaBa Ba~Zr~OsCO3, 
KOTOpI, I~ paanaraeTca Me;c,~Iy 600--800 C o6pa30aaI~neM ttnpronaTa 6apna. 2[aHrmie XnMrt- 
~ecKoro aHa~H3a, HI(  c!IeKTpOB 1,I nopoIIIKOBO~ penTreHorpaqbm, I RoKa3bisaeT I'IO~'IHHHOCT/~ 
npoMemyTo~iHoro npoRyKTa KaK CaMOCTOIITeJ'II~HO~ eRi, iHwt~i. 
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