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ABSTRACT

The phase relations have been studied in the BaO-CuO, system in the range of 25.0-45.0 mol% CuO at
900-1100 °C at P(0O,)=21 kPa (air) by visual polythermal analysis (VPA), powder X-ray diffraction
(XRD), electron diffraction (ED) with simultaneous energy-dispersive X-ray (EDX) elemental analysis in
a transmission electron microscope (TEM), and iodometric chemical analysis. The discrete deviations
2.02 (101:50), 2.04 (102:50), 2.10 (105:50) of Ba/Cu (Ba:Cu) composition from the stoichiometric ratio
2:1 have been found for the known Ba,CuOs, ; oxides in the subsolidus region 900-970 °C. Unit
cell parameters of the 101:50 orthorhombic oxide, 102:50 tetragonal one, 105:50 orthorhombic one
are, respectively, a=4.049, b=3.899, c=13.034 A; a=3.985, c=12.968 A; a=4.087, b=3.897 and
c=12.950 A. ED patterns of the 101:50, 102:50, 105:50 oxides show characteristic supercell reflections
with the respective vector 1/60[54 0], ~2/11<110) and 1/6[2 0 0]. Oxides of the 2:1, 7:4, 5:3 and
23:20 compositions have been found in the crystallization region 970-1050 °C. Unit cell parameters of
the 2:1 orthorhombic oxide are a=4.095, b=3.795, c=13.165A. Interplanar spacings and X-ray
characteristic peak intensities of the 7:4, 5:3 and 23:20 oxides are given. Oxides 2:1 and 7:4 melt
pseudocongruently at 1020 and 1005 °C, oxides 5:3 and 23:20 melt incongruently at 995 and 980 °C,
respectively. A diagram of the phase relations in the studied region of the BaO-CuO, system has been
constructed, whose structure is considered as the total projection of phase states of the system existing

for different x.

© 2011 Elsevier Inc. All rights reserved.

1. Introduction

The BaO-CuO, system is of interest due to its inherent linkage
with the Y-Ba-Cu-0O system. The knowledge of the phase dia-
gram of the latter system involves understanding the phase
relations in the BaO-CuO, system. Literature data about oxides
in the BaO-BaCuO, range are given in Table 1. Oxides of the
cation compositions (Ba:Cu) 3:1 [1,2], 2:1 [2-7] and 1:1 [8,9] have
been reported. It is believed that three modifications (two
orthorhombic and one tetragonal) of the 2:1 oxide differ in
oxygen content [2]. The 1:1 (BaCuO,) oxide has a cubic cluster
structure [9,10], its X-ray diffraction pattern looks the same at
variation of cation ratio (Ba/Cu) in the range of 0.87-1.10
[9,11,12]. Different variants of phase diagrams of the BaO-CuO,
system in the BaO-BaCuO, (barium-rich) range (Fig. 1) were
published [7,13-18], which vary in the presence of eutectics
and its composition, and in the existing oxides as well.
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The inconsistence of the data about the phase diagram of
BaO-CuO, system necessitates a more thorough investigation. In
the work we studied the 25-45 mol% CuO region at 900-1100 °C
with use of a complex approach developed in our studies of the
K-Ba-Bi-O superconducting system and its parent Ba-Bi-O
system [19], when the technique of analytical transmission
electron microscopy has been systematically used along with
usual methods employed for studying phase relations in metal-
oxide systems (physical-chemical methods, electron probe
microanalyses, and XRD) that made it possible to discover a large
number of discrete oxides with ordered structures.

2. Materials and methods

The starting materials were analytical purity BaO, (97 wt%)
and high purity CuO (99.99 wt%). Mixtures of specified composi-
tion with a step of 1 mol% CuO were homogenized and pressed
into pellets, which were baked in alumina crucibles in air (oxygen
partial pressure P(O;)=21 kPa). The samples were quenched on a
cooled copper plate or by submersion into liquid nitrogen. After
nitrogen quenching, crucibles with samples were evacuated to
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Table 1
Literature data on synthesis conditions and unit cell parameters of barium-rich oxides of the BaO-BaCuO, system.
No. Oxide Synthesis conditions Unit cell parameters (A) Ref.
Reagents Atm. T (°C) T (h) a b c
1 BasCuOy4 BaO, CuO Air 90520 12 [1]
2 Ba;CuO4 Ba(NOs),, Cu0 Ar 860 24 7.883 15.55 [2]
3 Ba,CuOs Ba(NOs),, Cu0 Air 900 [2]
Ar 860 24 4.107 3.780 13.140
4 BayCuOs ., 5 Ba(NOs),, Cu,0 Air 900 2]
Vac. 600 4 4.096 3.909 12.959
5 Ba,CuOs, ;5 Ba(NOs3),, Cu,0 Air 900 [2]
Vac. 900 4 3.992 12.985
6 BayCuOs 3 Ba0,, CuO 0, 900-20 4.0969 3.9038 12.9441 [3]
7 Ba,CuOs3 Ba0,, CuO 0, 58020 17
75020 19 [4]
800 22 12.9655 4.1007 3.9069
8 Ba,CuOs 5 BaO,, CuO 0, 800-880 100 4.093 3.906 12.949 [5]
9 BayCuOs 3 Ba0,, CuO Air 83020 48 4.0959 3.9047 12.9420 [6]
10 Ba,CuOs ogg CuO, BaO, Air 830 48 3.9923 12.9686 [6]
11 Ba,CuOs3 BaO,, CuO Air 83020 48 12.9655 4.1007 3.9060 [7]
12 Ba,CuOs3 BaO,, CuO Air 830 48 12.975 3.992 [7]
13 BaCuO, BaO, BaCOs;, CuO Air 850 48 18.322 [8]
14 BaCuO, BaO,, CuO Air 800 20 18.26 [9]
Vac. 800 20

remove the condensed moisture. X-ray diffraction patterns
were taken under a vaseline layer in a Siemens D-500 diffract-
ometer with a monochromator in CuKo; radiation. Cell para-
meters were determined by a profile analysis with an error
+0.006 A.

The composition and structure were analyzed in a JEM-2000FX
TEM equipped with an Oxford Instruments X-ray energy-disper-
sion system. A procedure of sample preparation for TEM studies
included material grinding in an agate pestle under hexane
protection, ultrasonic agitation and dripping hexane suspension
onto clean Be-grids or Be-grids with supporting carbon films. The
first variant was used when carbon content of the oxides was
evaluated. As X-ray spectra in a TEM show scattering of element
peaks ratio for different particles even for a phase of the rigid
composition (mainly due to varied orientation of particles relative
to incident electron beam), we obtained X-ray spectra from many
particles displaying the same characteristic electron diffraction
pattern and calculated the average Ba/Cu composition. Integer
Ba:Cu ratio were selected as minimal to be close to the experi-
mental average compositions. This statistical approach to assign
the element compositions for the phases has been found to secure
a high precision.

The average oxidation state of copper in samples was calcu-
lated from the chemical analysis data obtained via procedures
evaluating the content of copper ions in different oxidation state
(+1, +2, +3) by iodometric titration [20].

Infrared spectra were measured for samples crushed under
vaseline using a Carl Zeiss UR-20 spectrometer.

Two major problems were met to prepare samples. The first
one was related with barium-copper oxides that are highly
susceptible to hydrolysis which was also noted in [2,6]. Hydro-
lysis takes place both during air and liquid nitrogen quenching,
and possibly at X-ray profiling despite the presence of a protec-
tive vaseline layer. The product of hydrolysis is Bay[Cu(OH)g]
identified according to [21]. It was noted in our electron diffraction

studies that Ba[Cu(OH)g] is highly sensitive to electron irradiation
in comparison with oxides of the Ba-Cu-O system so that its
structure was quickly destroyed under electron beam.

The second problem is simultaneous synthesis of several
oxides in one sample at any temperature above 900 °C. In the
subsolidus region, microinhomogeneities existing in samples
provide conditions for joint crystallization of phases, which are
only slightly different in cation composition. In crystallization
region, there is an additional condition related with a complex
mechanism of melting that leads to formation of the BaCu,0,
oxide in the melt.

3. Results
3.1. Visual polythermal analysis

Samples for VPA were baked consequently at 720 (during 2 h),
750 (1 h), 850 (0.5 h), 880 °C (0.5 h) and then in steps of 10 °C
(0.5h) up to melting. Temperature and time of baking were
selected to optimize the process when conditions of the complete
synthesis, the absence of BaCOs formation, avoiding of a long
contact between the melt and the crucible material are achieved.

The next phenomena were observed at baking the pellets. At
the beginning, a pellet volume was decreased due to agglomera-
tion and oxygen loss. Then traces of liquid of an unknown nature
were noticed at the bottom of crucible. Traces were usually
retained with further baking. On further temperature rising, a
pellet started to stick to the crucible bottom, this moment was
assumed as the start of melting and the transition into a
liquid +solid (L+S) state. The final stage of the complete melting
(L state) was detected when a mobile melt and a smooth surface
were observed at quenching. It was noticed that with increasing
barium content in samples the melt went up the walls of a
crucible. This circumstance reduced the accuracy in determining
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Fig. 1. Variants of phase diagrams of the BaO-CuOy system in the barium-rich range presented in the literature. (a) [13], (b) [7], (¢) [15] and (d) [17].

the liquidus temperature, but we estimated that an error did not
exceed +5°C.

Fig. 2 shows the crystallization and liquidus region of the phase
diagram of the BaO-CuO, system in the range of 25.0-45.0 mol%
CuO at 950-1100 °C at P(0O,)=21 kPa constructed on the basis of
VPA data (VPA diagram) by studying 21 samples. The liquidus line
has been determined by temperature of the complete melting. The
temperature of the solidus line, when indications of sample
submelting in the range of 31.0-45.0 mol% CuO appear, is esti-
mated as 970 °C. This temperature is only conditionally can be
taken as eutectic, since none of the samples melted in one stage.
Melting of ~33.3 and 37.0 mol% CuO compositions at 1020 and
1010 °C respective temperature can be attributed to the process of
congruent melting of individual phases. There are fields in the
crystallization region, which are formed by phases melting
incongruently.

3.2. Powder X-ray diffraction and electron diffraction with elemental
analysis

3.2.1. Subsolidus region (900-970 °C)

Three oxides of the close compositions (Ba:Cu) 101:50, 102:50
and 105:50 near to the 2:1 ratio have been found in the
subsolidus region (900-970 °C). They are of the related structures,
which is evidenced by a similar view of XRD and ED patterns
(the reflection conditions h+k+1=2n), with a basic crystallographic
motive of their structures formed of a layered stacking of double
barium and single copper planes in the [0 0 1] direction [2].

The 101:50 oxide coexists with the 102:50 and 105:50 oxides in
the 25.0 and 33.0 mol% CuO samples. In the 34.5 mol% CuO sample,
it coexists with an oxide having a cubic structure similar to that of
the BaCuO, oxide but enriched in copper. The 101:50 oxide has an
orthorhombic lattice with unit cell parameters (without regard for
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Fig. 2. Crystallization and liquidus region of phase diagram of the BaO-CuOy
system in the range of 25.0-45.0 mol% CuO at P(0,)=21 kPa (air) constructed on
the basis of data of visual polythermal analysis. Half-filled squares correspond to a
liquid+solid (L+S) state, filled squares correspond to a liquid (L) state.
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Fig. 3. XRD patterns of the 34.5 (a) and the 29 mol% CuO sample (b,c) baked at
900 °C for 2 h (a,b) and (2+2) h with an intermediate homogenization (c). The
samples contain the dominant phases 101:50 (a), 102:50 (b) and 105:50 (c).

supercell reflections) a=4.049, b=3.899 and c=13.034 A (Fig. 3a)
close to those of the Ba,CuOs, 5 and Ba,CuO5 3 oxides (Nos. 4 and 9,
Table 1). The characteristic ED pattern of the 101:50 oxide (Fig. 4a)
shows supercell reflections with the vector q=1/60[5 4 0] of very
small length.

The oxide of the composition (Ba:Cu) 102:50 is formed in a
sample with the content of 29.0 mol% CuO at the short-term (2 h)
annealing at 900 °C (Fig. 3b). This oxide crystallizes in a tetragonal
lattice with unit cell parameters a=3.985 and c=12.968 A. The

characteristic ED pattern (Fig. 4b) in the [0 O 1] zone axis, which is
of the four-order symmetry consistent with the tetragonal struc-
ture of the oxide, shows supercell reflections along the
{(110) directions with the incommensurate vector q~2/11
¢(110) in addition to the main reflections from the basic unit
cell. In terms of close unit cell parameters, the 102:50 oxide is
related to the Ba;CuOs ggg oxide (No. 10, Table 1).

The 105:50 oxide is formed after additional homogenization
and second annealing of the 29.0 mol% CuO sample (Fig. 3c). Its
crystal lattice is of orthorhombic symmetry with unit cell para-
meters a=4.087, b=3.897 and c=12.950 A close to those of the
Ba,CuO;3 oxide (No. 7, Table 1). The corresponding ED pattern
(Fig. 4c) shows two-fold symmetry consistent with an orthor-
hombic lattice. Supercell reflections with the vector q=1/6 [2 0 0]
and large splitting of diffractions spots are observed, which points
to the presence of twin domains with the twin boundary (1 1 0) in
the structure.

Elemental analysis data for oxide particles displaying the
characteristic ED patterns are presented in Fig. 5. The integer
ratio (Ba:Cu) 101:50, 102:50 and 105:50 correspond to the
averaged values (Ba/Cu) 2.02, 2.04 and 2.10, respectively.

3.2.2. Crystallization and liquidus region (970-1100 °C)

Four oxides 2:1, 7:4, 5:3 and 23:20 of different structures have
been found in this region.

The 2:1 oxide melts pseudocongruently at 1020 °C, which
means that the composition of melt is different from that of
oxide. The 7:4 oxide melts pseudocongruently also at 1005 °C and
forms an eutectics ( ~ 990 °C, 34.5 mol% CuO) with the 2:1 oxide.
The 5:3 oxide melts incongruently at 995°C and forms an
eutectics (~ 970 °C, 42.0 mol% CuO) with the 23:20 oxide. The
23:20 oxide melts incongruently at 980 °C.

Fig. 6 shows X-ray patterns of the samples with peaks
characteristic of 2:1, 7:4, 5:3 and 23:20 phases. An X-ray pattern
of the 2:1 oxide evidences that its structure is of orthorhombic
symmetry with the unit cell parameters a=4.095, b=3.795,
c=13.165 A, its structure is similar to that of the Ba,CuO; oxide
(No. 2, Table 1). Table 2 presents interplanar spacings and
intensities of X-ray peaks characteristic of the 7:4, 5:3 and
23:20 oxides.

Observations of ED patterns of the 7:4 oxide have revealed the
existence of the unique six-order symmetry axis (Fig. 7a and b)
that points to its hexagonal or rhombohedral crystal lattice.

The 23:20 oxide has a tetragonal lattice as its ED patterns
(Fig. 7c and d) display the unique four-order symmetry axis.
Comparison of ED patterns of the 23:20 oxide with those of the
cubic oxide BaCuO, [10] discloses their similarity in several zone
axes that indicates a relationship between their structures. The
structure of the 23:20 oxide can be considered as a derivative of
that of the BaCuO, oxide with lowering symmetry from cubic to
tetragonal.

All samples quenched at temperature corresponding to the
crystallization and liquidus region contain the oxide BaCu,0O,.
Particles of an oxide of the composition 11:10 displaying ED
patterns similar to those of the 23:20 oxide were found in the
42.0-45.0 mol% CuO samples quenched at 1000-1020 °C.

Ba-rich particles (their crystal structures were not possible
to observe due to the decomposition) were found in the
25.0-32.0 mol% CuO samples, that suggests the existence of
11:5 and 3:1 oxides. The samples quenched at temperature
higher 1050 °C contained barium aluminates BasAl,0g [22] and
Ba,Al,01¢ [23], which indicates interaction of the crucible mate-
rial (Al;03) with the samples.

Fig. 8 presents a diagram of phase relations in the BaO-CuOy
system in the range of 30.0-45.0 mol% CuO at 900-1050 °C
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Fig. 4. ED patterns of the oxides 101:50 (a), 102:50 (b), 105:50 (c). Zone axis [0 0 1].
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Fig. 5. Ba/Cu ratio data (the averaged values and intervals of standard deviation)
measured in the TEM for particles displaying the characteristic ED patterns of the
oxides.

constructed on the data obtained by VPA (the liquidus line), XRD
and ED with elemental analysis.

3.3. Chemical analysis

Results of chemical analysis of the samples quenched at
950-1080 °C into liquid nitrogen are given in Table 3. It is seen
that the average oxidation state of copper (Cu) decreases with
temperature rising. Copper ions in the oxidation state +3 exist in
Ba-rich samples at temperature lower 970 °C inclusive. Above the
eutectic temperature (970 °C) samples melt with the formation of

BaCu,0, (where all copper ions are in the oxidation state +1).
With further heating up to the complete melting the
27.4-40.0 mol% CuO samples loose oxygen so that Cu decreases
to 1.53-1.66. All the phases from the crystallization region appear
to contain copper ions mainly in the oxidation state +2, as the
presence of BaCu,0, is substantial. The Cu value of 2.12 at 970 °C
for the 34.6 mol% CuO composition rules out the presence of liquid
indicating that this point of the phase diagram is in the subsolidus
region.

Taking into account the chemical analysis data showing the
change of oxygen content with variation of temperature and CuO
content, the phase diagram in Fig. 8 should be considered as the
total projection of phase states of the system existing at different
x in CuO,.

3.4. Formation of oxycarbonates

Literature data [24-30] (Table 4) report the existence of alkali-
earth element(s)-copper oxycarbonates, which can be competi-
tive phases, when synthesis is carried out under ambient atmo-
spheric conditions.

In relation to this topic, we have measured infrared absorption
spectra of 2:1 (333 mol% CuO) samples quenched at 950 and
1020 °C after short-time baking (1 and 0.5h). The IR spectra
(Fig. 9) do not show the complete set of absorption bands at 644.1,
871.7 and 1402.0 cm~! characteristic of CO%~ ions, e.g. in BasCaCu,
C0306. 5 [30] or in BaCOs3 [31]. So the IR spectra do not support the
noticeable presence of CO3;™ ions in the synthesized samples.
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Fig. 6. XRD patterns (after background cancellation) of the 33.3 (a), 36.4 (b), 40.0
(c), 43.5 mol% CuO samples baked at 1020 (a), 1000 (b), 980 °C (c, d). Specific lines
of the 2:1, 7:4, 5:3 and 23:20 oxides are marked off by bars.

XRD patterns of the synthesized samples (Figs. 3 and 6) do not
contain the lines characteristic of the oxycarbonates with high
content of alkali-earth elements ([27-30], Table 4). It means that
the fraction of oxycarbonate phases in our samples is below the
sensitivity of XRD technique ( <5 wt%).

Nevertheless, when studying synthesized samples in the elec-
tron microscope we have found particles, which are always
analyzed at thin edge area, of the composition (Ba:Cu) 2:1 and
5:3 displaying ED patterns characteristic of oxycarbonates. ED
patterns of 2:1 particles looks alike to those of oxycarbonate

Table 2

Interplanar spacings (dops, A) and X-ray characteristic peak intensities I, (%) of the
(Ba:Cu) oxides.

7:4 5:3 23:20

dobs lrel dobs Irel dobs Ircl
3.176 98 3.281 100 3.551 13
3.078 32 2.991 74 3.334 10
2.876 100 2.894 93 3.153 60
2.833 23 2.860 73 3.105 34
2.559 16 2.776 33 3.075 30
2.382 17 2.631 37 3.026 100
2.297 30 2.479 50 2.955 25
2.198 9 2.188 91 2.858 22
2.020 13 2.122 43 2.638 25
1.820 13 2.070 20 2.512 17
1.809 10 2.051 17 2.408 3
1.787 18 1.889 33 2.138 18
1.749 39 1.720 33 2.110 14
1.718 12 1.705 17 1.963 7
1.681 16 1.856 8
1.642 13 1.771 40
1.626 7 1.711 8
1.620 6

BaSrCu0,9,C03 [28]. They fit to a primitive tetragonal lattice with
unit cell parameters a ~ 5.6 and c ~ 8.1 A, a structure motive of the
unit cell can be imagined as two consecutive perovskite cells.
EDX analysis reinforced the carbon presence, significant scattering
of carbon content from particle to particle was observed. The
average composition for 2:1 particles found in the 950 °C sample
corresponds to the formula Ba;Cu(CO,)p3003.05 (9 at% of carbon
relative to the sum of barium, cooper and carbon). The ED patterns
of 5:3 particles look similar to those of 2:1 particles differing in the
reflection conditions, they correspond to oxycarbonate Ba,Cu;
(€C03)0.802.4 [27]. The similarity of ED patterns of tetragonal lattice
of 2:1 and 5:3 particles implies the same structure motive with
related unit cell parameters.

4. Discussion

The group of three oxides 101:50, 102:50 and 105:50 found in
the subsolidus region (25-45 mol% CuO, 900-970 °C) having the
cation compositions close to Ba:Cu=2:1 can be associated with
the phases Ba;CuOs, 5 (Table 1), which were assumed to have the
same cation composition 2:1 but differ in oxygen content.
We have discovered at analytical electron diffraction studies that
the phases are, in fact, have different compositions. They display
supercell reflections in electron diffraction patterns, which was
not expected in the literature data obtained by XRD. The existence
of supercell reflections is likely related with composition devia-
tion from the 2:1 ration and cation ordering. The four oxides
2:1, 7:4, 5:3 and 23:20 were found in the crystallization region.

The discovery of the new oxides makes the phase diagram of
the BaO-CuO, system to be of the different appearance than the
previous ones (Fig. 1). We have established a change of copper
valence state both in the subsolidus region and in the crystal-
lization region and right in the melt as well with increasing
temperature. In this connection the BaO-CuO, system has to be
considered as a ternary system, where four condensed phases can
be in equilibrium. The constructed phase diagram (Fig. 8) presents
projections of phase states existing at different x in CuO, onto the
temperature-composition plane and shows a complex phase
equilibrium existing in the system under given experimental
conditions.
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Table 3
Average oxidation state of copper (Cu) in samples of barium-copper oxides
1050 quenched into liquid nitrogen (according to iodometric titration data).
No. Synthesis conditions Ion content (% of total copper ions)  Cy
L o, + 2+ 3+
2 14L CuO (mol%) T(°C) t(h) Cu Cu Cu
7:4+L 1 274 1080 0.5 47.0 53.0 — 1.53
] 2 333 1020 0.5 37.8 62.2 - 1.62
7 3 36.4 10007 1 345 65.5 - 1.66
1000 24:25+1 4 400 1010 05 405 59.5 - 1.59
7:4 5 364 970° 1 - 87.7 123 212
21+74 |sh| s3+L 6 333 950 1 - 82.8 17.2 2.17
E:L_’ O, 7 34.5 950 1 - 83.6 16.4 2.16
_'0515” H2= = 8 40.0 950 1 — 89.6 104 2.10
15555 105:50 + 5:3 2:1 +5:3 105:50 + 12:13
e 2 Preliminary baking 900, 950 °C.
b preliminary baking 900, 930 °C.
950 105:50 + 7:8 1
102:50
102:50 + 5:6 An important feature of the phase relations in the Ba-rich
Mg region of the BaO-CuO, system is related with the melt. We have
1015504 4:5 established that melting starts at 970 °C and results in formation
2 = . . . . .
of the BaCu,0, oxide with copper in the oxidation state +1.
900 _— 1 In composition, this oxide refers to the Cu-rich region of the
13300 32 4 28 2 L e + w0 BaO-CuOy system. In this connection, as melt composition does
@ mol.% CuOy 2 not correspond to that of at the points of melting of the

Fig. 8. A diagram of phase relations in the BaO-CuO, system in the range of
30.0-45.0 mol% CuO at P(0,)=21 kPa (air) constructed on the data obtained by
VPA (the liquidus line), XRD, ED with elemental analysis and chemical analysis.

2:1 and 7:4 oxides, a mechanism of melting is pseudocongruent.
The presence of BaCu,0, at melting (partial or full) is accounted
for decomposition of oxides by reaching the temperature of their
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Table 4
Literature data on synthesis conditions and unit cell parameters of alkali-element(s)-copper oxycarbonates.
Oxycarbonate Synthesis conditions Carbon content? Unit cell parameters (A) Ref.
Reagents Atm. T (°C) T (h) a c
BaCuy.150.1(CO2)0.141 BaCOs, CuO €O, 820-850 48 6° [24]
(Ba/Cu=0.87) 890-900 120
Bag 9Cu0+ g6(CO2)0.07 Ba0,, Cu0 Ar 700 15 6.03¢ 18.2394 [25]
3.64
Bag 9Cu0; 93(C0O2)0.07 Ba0,, Cu0 Ar 500 15 5.4¢ 18.2334 [25]
3.6¢
Bag oCu02 02(C02)o.08 BaO,, Cu0 0, 850 40 6.05¢ 18.2597 [25]
4.044
Bag4Cugs(CO3)6087.9 BaCOs;, CuO Air 850 24 6.1 18.3069 [26]
(Ba/Cu=0.92) 850 24
BayCu; 5(C03)0502.4 BaCOs, BaO,, Air 700-950 0.1-72 20° 3.990 8.073 [27]
(Ba/Cu=1.67) Cuo 1100 1/12
BaSrCu0, 4,C03 Ba(OH), - 8H,0 0, 820 60-70 254 5.5899 7.7153 [28]
((Ba+Sr)/Cu=2.0) SrCOs, CuO
Ba4CaCuy2406.96(CO3)o5 BaCOs, CaCOs, Air 950 14 6.46° 5.799 7.992 [29]
((Ba+Ca)/Cu=2.23) Cuo (0,) 1000 14
BasCaCu,06., 5CO3 Ba0,, CaCOs, Air 950 20 12,5 5.7879 8.1409 [30]
((Ba+Ca)/Cu=2.5) Cuo 965 1
2 at% relative to the sum of Ba(Ca,Sr), Cu and C.
b Chemical analysis.
¢ Structure analysis.
4 Thermogrametric analysis.
short-term annealing were used. Earlier we have studied pro-
" cesses that takes place at annealing of BaO, in air [11]. It was
/ found that oxygen loss takes place at 780-860 °C for 2 h, and then
| the sample starts to absorb CO, from air. BaO,—CuO samples of the
,\:"M\\*' composition 3:2, 1:1, 2:3 and 1:2 behave in the same manner. A
1020°C ™ M sharp mass loss at 850-900 °C was observed, it is slower above
. PR s \/ 900 °C. The obtained results show that the technique of short
gl SN i b . . . .
s annealing makes it possible to avoid a marked occurrence of
g A oxycarbonates. However, as it follows from our electron diffrac-
g / tion studies, when the thinnest part of a particle at the edge is only
= A p analyzed, CO, penetrates into surface area of the material leading
. /ﬁ/ g to formation of oxycarbonates phases to a small extent. More
950°C ,»”’M'f studies are necessary to clarify at what stages (material synthesis
M"N““W““’“\\ = /»” or specimen preparation for analysis) carbonization takes place.
A structure analysis of the known oxycarbonates (Table 4)
recognizes two structure types: the cubic one based on the BaCuO,
T T T T T T T T T structure and the tetragonal one. The first type includes oxycar-
2000 1500 1000 500 bonates of the composition (Ba/Cu) 0.87 [24], 0.90 [25] and 0.92

wave number, cm-!

Fig. 9. Infrared spectra of the 33.3 mol% CuO samples quenched at 950 and
1020 °C into liquid nitrogen after 1 and 0.5 h baking, respectively.

thermal instability. A disproportionation of the oxide composition
is accompanied by the formation, along with BaCu,0, oxide, a
barium-richer oxide. Such mechanism of melting provides the
existence of several phases in quenched samples. Multi-phase
nature of samples is retained under cooling because of access
restrictions to the amount of oxygen in the presence of a hardened
crust of the melt.

IR spectra and XRD patterns do not support the marked
presence of barium-copper oxycarbonate phases in samples
synthesized in our studies. Oxycarbonate phases are formed, when
carbonates are used as starting reagents or long-term annealing in
air is conducted. In this work BaO, as the starting reagent and

[26]. They contain 3.6-6.05 at% carbon (relative to the sum of Ba,
Cu and C) and can be considered as derivatives of matrix oxides
(Ba:Cu) 7:8,9:10 and 12:13 having the cubic BaCuO, structure and
existing in the copper-rich region of the BaO-CuO, system [32].
The barium-rich oxycarbonate Ba,Cu;5(C03)050,4 [27] with the
(Ba:Cu) 5:3 ratio contains much more carbon (20 at%), it has the
tetragonal structure characteristic of similar oxycarbonates. Oxy-
carbonates, where barium is partially substituted for calcium or
strontium, may contain up to 25 at% carbon. The alkaline metal-
copper ratio in these oxycarbonates is in the range of 2-2.5.
Barium-rich oxycarbonates can be derivative of barium-copper
oxides existing in the barium-rich part of the BaO-CuO, system.
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