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Precision X-ray diffraction analysis together with scanning electron microscopy, elec-
tron microprobe and thermal analysis have been used to study thermal decomposition of
barium-yttrium cuprate YBa,Cuz0, above 900 °C in two ambients: air and vacuum (resid-
ual p(0,) = 700 Pa). In air, YBa,Cu;0, undergoes peritectic decomposition at 1020 °C into
Y,BaCuO; and melt of barium and monovalent copper oxides. YzBaGuO5 remains stable up
to 1270 °C and at that temperature decomposes to ¥503. In vacuum, at p(Q,) = 700 Pa,
complete peritectic decomposition of 123 phase takes place at 965 ‘C and is preceded,
starting from 925 °C, by nonequilibrium partial decomposition of YBa,Cuy0, into
Y,BaCuO;, YBazCu,0, and BaCu,0, .

MeTosaMu NpeNH3NOHHOH peHTreHOrpafHi, CKARUPYIOIEH aIeKTPOHHON MMKpPOCKOIUH, J10-
KaJbHOTO BJIEKTPOHHO30HIOBOTO H TePMMYECKOr0 AHANM3a MSY4YEeHLI TepMMYecKHe IIpeBpalle-
HUA 1pH Harpesanuu YBa,Cuy0, merme 900 °C mo aByM mHaobapaM: Ha BO3IyXe M B BAKyYMe IDH
p(O,) =700 Ia. Ha sosgyxe YBa,Cu,O, nperepnesaer nepurextueckuit pacnax npu 1020 °C
Ha Y,BaCuQOg; u pacmnas okcupo Gapus u ozHoBameHTHoH Megu. Masa Y,BaCuQ; ocraéres
yeroiumBoit o 1270 °C, mocne uero mogBepraeTcs NMepUTEKTHYECKOMY PA3JOMKEHHIO A0 Y¥,04. B
saxyyme mpu p(O,) = 700 ITa moHBIA DepUTeKTUYECKUH pACHA] IPOMCXOIUT IIpH GoJee HESKOH
remnepatype 965 'C m emy npepmecreyer, Haumuas ¢ 925 °C, HepaBHOBeCHOE YACTHUYHOE PABJIO-
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smenve (aser YBa,Cuy0, 1o Y,BaCuOg, YBayCu,0, u BaCu,0, .

The most promising results with respect
to critical current density in bulk specimens
of high-temperature superconductors have
been obtained using the melt-texturing
technology [1-4]. Higher critical current
values are attributed to the reduction of
weak-link effects as a consequence of grain
growth, better grain alignment and increas-
ing the number of centers for magnetic flux
pinning formed, directly or indirectly, by
precipitations of minor phases (such as
Y,BaCuOg in YBayCuzO,) throughout the
sample. At the same time, significant inho-
mogeneities in local distributions of critical
current, chemical and phase composition
have been observed in melt-textured speci-
mens [6]. To understand the key features
and control the melt-texturing process, it is
important to know the mechanism of thermal
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decomposition of initial superconducting
phase and of subsequent crystallisation
under cooling from partially melted state.

The information available in literature
on decomposition of barium-yttrium cuprate
YBay,CuzO, (123 phase) in the course of its
heating is ambiguous. All authors agree
that the main product of 128 decomposition
is Y,BaCuOs (211 "green" phase). Its for-
mation is usually attributed to the peritec-
tic reaction

YBHECUEOx - YEBaCUO5 + L+ 02.

where L is a melt enriched in barium and copper.

Serial versions on subsolidus decomposi-
tion resulting in the formation of other
phases alongside with Y,BaCuOg have been
also reported: Y,BaCuOg + YBagCu,O, +
BaCU202 [6], YzBaCUOS + BaCU02 +
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Table. Results of X-ray phase analysis of products quenched after heat treatments at various

conditions
Heat-treatment conditions Phases in quenched samples
p(0,), Pa T, °C time, h
2,1..:104 920 0.5 123
(air) 950 0.5 123
990 1.0 123
1010 0.5 123 (main phase) + 211 + BaCO; + CuCOgy
1030 0.5 211 (main phase) + BaCO, + Cu,O + CuCO,
700+100 900 1.5 123
(vacuum) 925 0.5 123 (main phase) + 211 + 132 + BaCu,0,
950 0.5 123 (main phase) + 211 + 182 + BaCu,0,
950 0.75 128 + 211 + 132 + BaCu,0,
970 0.5 211 (main phase) + BaCO5; + Cu,O + CuCOj4
980 0.5 211 (main phase) + BaCO, + Cu,0 + CuCO,

[8], Y,BaCuO5; + BaCuy,0, + BaO [9],
been supposed that the controversy in re-
ported data might be related to some uncer-
tainties in equilibrium oxygen partial pres-
sure p(O,) in gaseous ambient [11].

In this paper we have used the precision
X-ray diffraction technique together with ana-
lytical scanning electron microscopy and ther-
mal analysis to study thermal decomposition of
YBa,CugyO, under conditions that hold the
most interest for melt-texturing technology:
900 < T < 1280 ‘C, 10% < p(O,) < 105 Pa.

The initial superconducting material was
synthesized from Y,05, BaCOz; and CuQ of
"chemically pure” grade. A reagent mixture
corresponding to the stoichiometric formula
Y4,00B82,00CU3 09O, Was compacted into pel-
lets @20x5 mm3, fired at (930 + 5) °C for
10 h and, after intermediate regrindings, at
(940 + 5) °C and (950 £ 5) °C for 30 h at each
temperature. After the final firing, the pellets
were cooled to 400 °C at 100 'C/h and oxidised
at this temperature for 8 h before cooling to
room temperature together with the furnace.
The oxidation under these conditions aimed to
obtain higher superconducting properties of
initial barium-yttrium cuprate [12]. Chemical
analysis and the comparison of measured and
calculated mass losses were used to examine
the preservation of cation stoichiometry after
high-temperature treatments. By X-ray exami-
nation, the product of described synthesis was
single-phased YBa,CusOgg7 (the content of
211 phase < 0.5 mass %).

To obtain the samples for X-ray studies
of thermal transformations in YBa,CusO,,
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two series of heat treatments were con-
ducted in a tube furnace: in air flow and in
vacuum under the residual oxygen pressure
p(Oy) = 700 £ 100 Pa. The samples pressed
into disks or plates £ 1 mm thick were
heated stepwise according to the schedules
shown in the Table. The accuracy of tem-
perature regulation in the heating zone was
within +1 °C. After each step of heat treat-
ment, the next sample was extracted from
the furnace within time a period not more
than 5 s and then quenched in air. In this
way, the sample quenched from a given
temperature had passed all the previous
steps of heat treatment shown in the Table.
A Phillips PW 1710 based diffractometer
was used for X-ray diffraction measure-
ments using filtered Co K, radiation. The
diffraction patterns were taken at the scan-
ning rate 0.5 to 2° per minute in 20 interval
from 20 to 80°, at accelerating voltage of
85 kV and generator current 30 mA.

The primary computer treatment of dif-
fraction data was performed at the time of
X-raying using standard software package
provided for Philips PW 1710 diffractome-
ter. That included the determination of the
following values: d;;, spacings calculated
for both K,; and K, components of X-ray
radiation, diffraction peak width, integral
peak intensity, background intensity, rela-
tive peak intensity, and statistical signifi-
cance of a singled-out peak. The data treat-
ment conducted after the experiment usu-
ally included the phase analysis and calcula-
tion of unit cell parameters.

To resolve very weak reflections, the
Fourier transformation of initial diffraction
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Fig.1. DTA curves of YBa,CuzO,: a * homo-
geneous single-phased sample, heating in air;
b * the same sample, heating in vacuum, p(O,)
= 700 Pa; ¢ ° inhomogeneous sample (synthe-
sised at 960 °C for 6 h), heating in air.

data was performed. Splitting of a supposed
peak into oy and o, components of X-ray
radiation after such data treatment served
as a criterion for the resolution of a wvery
weak diffraction peak with an intensity
close to the instrument detection threshold.
That treatment allowed to increase the sen-
sitivity of phase analysis in the system to
0.5-0.8 % by mass.

Local chemical composition and micro-
structure were studied by analytical scan-
ning electron microscopy (SEM) using a
JEOL JSM-35C microscope equipped with
an electron microprobe with energy disper-
sive spectrometer. Thermograms were taken
at heating rate 8 °C/min using a Paulik-
Paulik-Erdey derivatograph.

First, the processes of thermal transfor-
mations in single-phased cuprate
Y1.00Ba2 0oClU3 000 in two ambients: air
(p(05) = 2,1-10% Pa) and low vacuum
(»(Oy) = 700 £100 Pa) have been studied by
means of thermal analysis.

Two strong endothermic peaks are evi-
dent in thermograms (Fig.1). When the
sample is heated in air, these strong peaks
are registered at 1030 'C and 1270 "C. Ac-
cording to visual observations and X-ray
data (Table) the first of these two peaks
corresponds to peritectic transformation of
YBa,Cuz0, (1238 phase) into Y,BaCuOg (211
phase). The peak at 1270 °C is produced by
consequent peritectic decomposition of 211
phase to yttrium oxide which is the most
stable oxide component in this system. De-
creasing the oxygen partial pressure p(Oj)
in the ambient causes the first endothermic
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Fig.2. X-ray diffraction patterns after treat-
ment YBa,CuyO, in air at temperatures, ‘C:
a”920; b° 950; ¢ " 990; d " 1010; e * 1030.

peak (but not the second) to shift to lower
temperatures. Under p(O,) = (700 = 100) Pa,
that effect is fixed at 970 'C (Fig. 1b). A
weaker endothermic peak at 930 °C is also
seen in thermograms taken in wvacuum.
There is no such effect on the thermogram
taken in air from a single-phased sample
that had been synthesized for an adequately
long time (Fig. la). At the same time,
small endoeffects at 900 — 940 °C are often
observed in air for samples synthesised dur-
ing shorter time periods (Fig. lc). In such
case, these effects become more pronounced
when an excess of barium and copper oxides
is added to the reaction mixture. This ob-
servation allows to relate those effects with
eutectic melting of local areas enriched in
barium and copper within not sufficiently
homogeneous, although perhaps stoichio-
metric, samples.

X.ray diffraction patterns taken from
the samples quenched after heat treatment
at various temperatures in air and in vac-
uum (p(O;) = 700 + 100 Pa) are shown in
Fig.2 and Fig.3. In air, barium-yttrium cu-
prate YBay,CuzO, remains single-phased in
the course of heating up to 990 ‘C. After
half an hour treatment at 1010 °C, a partial
decomposition of 123 phase is observed
(Table). At 1030 °C (the temperature of a
strong endothermic peak on the thermo-
gram) the decomposition of 123 is complete
and it is accompanied with partial melting
of the sample. The main decomposition
product is Y,BaCuOg. Compact samples
quenched from this temperature were grey-
ish but after grinding into a powder their
colour changed into bright green typical for
211 phase.
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Fig.3. X-ray diffraction patterns after treat-
ment YBa,CuzO, in vacuum (p(0,) = 700 Pa)
at temperatures, ‘C: @ — 900; b — 925; ¢ —
950, 0.5 h; d — 950, 1.25 h; e — 970.

X.ray examination of melt droplets crys-
tallised at the bottom of the sample
quenched from 1030 °‘C revealed Cuy0,
BaCO3 and small amounts of CuCO5. No
yttrium-containing phases have been found
in the sample of the quenched melt. Barium
and copper carbonates are evidently the
products of interaction of the solidified
melt with atmospheric carbon dioxide dur-
ing cooling and consequent storage of the
samples in air. The possibility of Cu (I) oxi-
dation to Cu (II) during cooling should also
take into account.

These results allow us to conclude that
initially single-phased and stoichiometric
with respect to cation content cuprate
YBa,Cuz0,, when heated in air undergoes
the peritectic decomposition at (1020+10) "C
according to the equation:

2 YBEECU306_22 (s) = YZBaCLlOs(S) + 3
BaO(m) + 2.5 Cu,0(m) + 0.97 O, (g)

where letter indices stand for: (s) — solid
crystalline phase; (m) — melt; (g) — gaseous
phase. Oxygen index x = 6.22 in YBa,Cu30,
at 1020 °C is determined from p(O,) — T phase
diagram presented in our earlier work [12].

The X-ray analysis of the sample
quenched from the temperature of strong
endothermic peak at 1270 °C shows that at
that temperature Y,BaCuOg phase under-
goes peritectic decomposition according to
reaction equation:

Y,BaCuOs(s) = Y,03(s) + BaO(m) + 0,5
Cuy,O(m) + 0.25 O5 (8)

The sequence of YBayCuzO, thermal de-
composition reactions changes essentially
when oxygen partial pressure is lowered by
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one and a half order of magnitude, down to
p(0,) =700 Pa (Fig.3, Table). In that case,
already after heat treatment of initially sin-
gle-phased YBay,CuzO, at 925 °C (the tem-
perature of smaller endothermic peak on
the thermogram) partial decomposition of
128 proceeds according to equation:

7YBach3OB_15(S) = BYZBaCuO5{s) +
+ YBagCu,0,(s) + 8 BaCuy0,(s) +
} (6.02 - 0.5y) O, (2)

The subsequent heating in vacuum to
050 °C and holding the sample at that tem-
perature cause gradual increase in amount
of Y,BaCuO; and of other decomposition
products (Table) but initial phase YBayCuzO,

does not decompose completely and re-
mains a predominant one in the mixture.
Therefore, the decomposition process does
not reach its equilibrium: according to
Gibbs phase rule, the number of condensed
phases in equilibrium with a gaseous phase
cannot exceed three for a four-component
system. A slow rate of decomposition indi-
cates most probably the diffusion control of
the reaction. In the same time increasing
temperature by another 20 deg (to 970 C)
results in rapid and complete decomposition
of YBa,CuzO, and YBazCu,O, and partial
melting of the sample. Taking into account
obtained X-ray data, decomposition of the
132 phase is described by reaction

2 YBagCu,0,(s) = Y,BaCuOg(s) + 5 BaO+
+ 1,5 CuyO(m) + (y — 5.75) 05 (8).

As seen from thermal analysis and X-ray
data, lowering p(O,) from 2.1-10% down to
2.102 Pa does not produce any noticeable
effect on the peritectic decomposition tem-
perature of green phase Y,BaCuOg at its
consequent heating (1270 °C).

Thermal analysis and X-ray diffrac-
tometry were supplemented with the study
of microstructure and local elemental com-
position of gquenched samples using scan-
ning electron microscopy. The grain micro-
structure of initial single-phased sample is
homogeneous with sharp and clean grain
boundaries (Fig. 4a). Electron microprobe
has not revealed grains with elemental com-
position different from that of YBa,CuzO,.
After treatment at 925 'C, smaller grains
appear in the sample and microprobe identi-
fies majority of them as BaCu,O, (Fig.4b).
The further heating to 950 "C results in the
appearance of larger BaCu,0O, grains
(Fig.4c). Micrographs evidence clearly the
partial melting — rounded boundaries of
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Fig.4. Electron microphotographs of samples
after treatment in vacuum at temperatures, ‘C:
a — 900; & — 925; ¢ — 950, 0.5 h; d — 950,
1.25 h. Phases identified by electron micro-
probe: 123 — YBa,Cus0,; 211 — Y,BaCuOg;
132 — YBayCu,0,; 012 — BaCu,0,.

initial grains, the appearance ‘of needle-
shaped grains. At longer treatment times at
950 °C, the transformation of grains is en-
hanced and the number of needles increases.
The needle-shaped grains, according to elec-
tron microprobe, are formed mainly by
Y,BaCuOg and, in fewer cases, by YBa30u20
(Fig.4d).

Identification of YBazCupO, m BaCu,0,
by means of electron mlcroprobe was an espe-
cially useful supplement of X-ray data as many
peaks from these phases overlapped those of
main one YBayCu,0, on diffractograms.

Thus, the results obtained allow to con-
clude that:

1. In air, YBayCuzO, undergoes the
peritectic decomposition at 1020 °C into
Y;BaCuOg and melt of barium and monova-
lent copper oxides. Under subsequent heat-

ing, Y,BaCuOg remains stable up to 1270 °C
and decomposes into Y505 and melt of BaO
and CuyO at that temperature.

2. In vacuum, at p(O;) = T00 Pa, the
peritectic decomposition temperature of 123
phase decreases to (965 * 5) °C and this
decomposition is preceded, by mnonequili-
brium partial decomposition of YBa,Cuz0,
into YzBaCU05, YBa3CU20 and BaCU202
starting from 925 °C.

The authors express their gratitude to
Dr. T.Oliver and Prof. F.Walsh of the Uni-
versity of Portsmouth (United Kingdom) for
their co-operation in X-ray and SEM studies.
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K.Sun,

IlepurexTrunuii po3kaan Kynpary Gapiro-irpiro YBasCuzO,

B.B.Ilpucedcovruii, €.1.Boakosa, 1.0.Ydo0doe

Merogmamu npernusiiiHol penTreHorpadii, ckanywouoi enexkTponHoi Mikpockomii, Jorams-
HOrO eJIeKTPOHHO30HZOBOTO 1 TepMiuHoro aHajisy BHBUeHO TepMiuHi NepeTBopeHHS IiJ yac
marpisarna YBa,CuyO, sume 900 °C 3a zgsBoma isofapamm: Ha mosirpi ra y Bakyymi mpm

p(0O;) =

700 Ila. Ha mositpi YBa,CuyO, mepurextmumo poskmagzacreca mpa 1020 C ma

Y,BaCuQOg ta posmiae oxcuzis Gapino i ogmosamentHoi migi. Pasza Y,BaCuOy sanmmaersca
crabinerolo o 1270 °C, micna doro 3asHAe NEPUTEKTHYHOrO PO3KIANY OO Y504, ¥V Baryywmi
npu p(O,)= 700 Ila moBHMI NepUTEKTHYHHH pO3KIAZ BiAGYBAEThCA NPH HHMKYMH TeMmepa-
Typi 9656 ‘C i iiomy nepexye, moumnuatoum 3 925 °C, mepirHORasxHWII uACTKOBHI po3KiIaj
dasu YBa,Cuz0, 1o Y,BaCuQg, YBazCu,0, i BaCu,0,.
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