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Abstract 

Residual carbon content in powders, sintered ceramics and textured samples was determined. Its source was shown to be 
essentialy the starting material precursors. Carbon content may be reduced to below 600 ppm if no liquid phase is formed 
during precursor processing. The case of samples processed by solidification from a liquid is important. In samples textured 
on MgO substrate, carbon is supplied by this substrate. In this case, liquid phase plays an active role on the carbon retention 
in the YBa2Cu307_ x structure during crystallisation. Magnetic susceptibility behaviour of textured samples was analysed 
and discussed in relation to the presence of carbon. A qualitative correlation between the superconducting transition width 
and the carbon content was established. A sharp superconducting transition at 91.5 K was achieved when carbon content was 
less than 600 ppm. 

1. Introduction 

Obtaining high-quality YBa2Cu307_ x supercon- 
ducting ceramics requires a scrupulous control of  the 
powder purity and processing conditions. It is well 
known that some powder synthesis methods, espe- 
cially those based on carbon-containing precursors, 
produce YBa2Cu307_ x powders with a broader 
transition temperature (several K) and generally an 
onset temperature (T¢on~t) below 92 K [1]. A similar 
degradation of superconducting properties reported 

* Corresponding author. 
1 Present address: CSNM, Bat 108. Univ. Paris 11, 91405 

Orsay Campus, France. 

in sintered YBa2CU3OT_ x ceramics has been at- 
tributed to deficient oxygenation [2]. Nevertheless, 
Shaw et al. [3] have proved that the difficulty in 
oxygenation is not the sole cause of this degradation. 
In addition, they suggested that the lowered and 
broadened transition observed in some powders and 
high-density ceramics may have a common origin, 
i.e. the retention of  carbon in the YBa2Cu307_ x 
structure. For their part, Masuda et al. [4] have 
demonstrated in YBa2Cu3OT_ x powders synthesised 
by the so l -ge l  method a relationship between the 
presence of residual carbon and the lowering of  
Tconsct. They showed that the higher Tconsct was 
achieved when carbon content was reduced to 0.04 
wt.% (400 ppm). A similar behaviour has been re- 
cently evidenced in the Y2Ba4Cu7014+x (247) phase 
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[5]. Tconset of this phase varies from 50 to 93 K as the 
content of carbon changes from 1200 to 100 ppm. 

On the other hand, the segregation of carbon-rich 
second phases at grain boundaries in sintered ceram- 
ics as reported by several authors [6,7] is responsible 
for the degradation of intergrain properties, i.e. the 
critical current density. In any case, the temperature 
transition is depressed, as demonstrated by Riiffer et 
al. [8] in C-YBa2Cu307_ x composite samples pre- 
pared by mixing YBa2Cu3OT_ x and graphite pow- 
ders. However, it has been suggested that a carbon- 
ate layer standing at the grain boundaries could act 
as a diffusion barrier in the reoxygenation process 
[7]. 

The carbon source is not limited to the starting 
materials, but also to the processing atmosphere 
because of the strong affinity of YBa2Cu3OT_ x to- 
ward the CO 2 molecule [9-11]. Lindemer et al. [12] 
have shown that YBa2Cu307_ x compound appears 
to take CO 2 into solution at 1173 K. Increasing CO 2 
concentration in 0 2 raises the incorporated carbon 
up to a limit content of 660 ppm, reached when 
14000 ppm of CO 2 in pure 02 flows above the 
sample. Higher CO 2 partial pressures produce the 
YBa2Cu3OT_ x degradation. Karen et al. [13] have 
identified three oxycarbonates from the study of the 
pseudoternary system Y(O/CO3)-Ba(O/CO3)-  
Cu(O//CO3 ) at temperatures between 1053 and 1273 
K in atmospheres containing oxygen and 5, 40 and 
350 ppm CO 2. Recently, many other oxycarbonate 
phases have been reported in the Y-Ba-Cu-O sys- 
tem. Thus, Rodriguez et al. [14] have stabilised a 
phase with nominal composition YBa4Cu2CO305.5-x 
by the presence of carbonate and they have estab- 
lished that this material is an oxycarbonate. Gotor et 
al. [15] have characterised a tetragonal phase, already 
reported in the preparation of YBa2Cu3OT_x from 
carbon-containing precursors [13,16], described as an 
Y-Ba-Cu oxycarbonate. Tetragonal phases with a 
similar X-ray powder diffraction pattern have been 
indicated as a consequence of CO 2 degradation of 
YBa2Cu3OT_ x (at low partial pressures in pure oxy- 
gen) [12] and even in non-carbon-containing synthe- 
sis in flowing oxygen [17]. Finally, Boullay et al. 
[18] have synthesised two new phases, members of 
the series YnBa2nCU3n_lCO3OTn_3, with n = 2, 3, 
which have a similar structure to that found in 
oxycarbonates of related systems such as (Y,Ca)- 

(Ba, Sr)-Cu-O [19,20] or Sr-Cu-O [21]. These pa- 
pers illustrate well that carbon might be engaged into 
superconducting cuprate structure. The carbonate 
group strongly modifies the hole doping and gener- 
ally results in degraded superconducting properties. 

Preliminary studies concerning YBa2Cu3OT_ x 
textured ceramics prepared by us using a modified 
MTG technique on MgO monocrystals never show 
the optimal Tconset otherwise observed when process- 
ing was made on an 3(203 sintered substrate [22]. 
Note that the reoxygenation cycles were identical, 
suggesting that their magnetic behaviour may be not 
entirely due to a deficient oxygenation as often 
stated, but something else should be the cause of this 
difference. 

In this work, the residual carbon content in pow- 
ders, sintered ceramics and textured samples has 
been shown and quantitatively determined. Magnetic 
susceptibility behaviour of textured samples was also 
analysed and discussed in relation to the presence 
and origin of residual carbon. A qualitative correla- 
tion between carbon content and anomalies in mag- 
netic susceptibility was found. 

2. Experimental procedure 

The different powders used in this study were 
prepared as follows: (i) pure YBa2Cu307_ x powder 
obtained by firing a commercial precursor (Hoechst 
High Chem) in oxygen atmosphere at increasing 
temperatures (915-935°C) for 8 h in an alumina 
crucible with intermediate grinding in an agate mor- 
tar, (ii) commercial powder (Rhrne-Poulenc, SU- 
PERAMIC 123) partially degraded during its storage 
(two years); (iii) finally, three powders G1-G3 syn- 
thesised by the gel route [15,23]. This route consists 
in the gelation by an organic polymer of an aqueous 
nitrated solution containing all the required elements 
in the appropriate ratios; it is followed by the calci- 
nation of the as-obtained gel at 500°C in 0 2 to 
produce a xerogel precursor. This xerogel was fired 
at 850°C in oxygen (G1), 800°C in argon (G2) and 
925°C in oxygen (G3) and then (in all cases) slowly 
cooled in flowing oxygen. Every time, powder phase 
purity was characterised by X-ray diffraction (XRD) 
and differential scanning calorimetry (DSC). 

Powder from Rhrne-Poulenc was pressed into 
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pellets with a diameter of 10 mm. Pellets RP1 and 
RP2 were sintered respectively at 915 and 950°C in 
flowing oxygen (raising speed 10°C/rain, dwelling 
time 12 h, cooling speed 10°C/min). For texturation, 
pure YBa2CuaOT_x powder (from Hoechst) was 
isostatically pressed in to a disk shape (<h = 10 mm, 
h = 7 mm) at 250 MPa and sintered at 935°C in 
oxygen (raising speed 2°C/min, dwelling time 8 h, 
cooling speed 2°C/min). These samples are called 
HI. The ceramic was then positioned on a single 
crystalline MgO or sintered Y203 substrate. The 
sample and its substrate were placed in a horizontal 

furnace where the longitudinal and radial thermal 
gradients are negligible. The heat treatment was 
made according to the profile of Fig. l(a). A reoxy- 
genation annealing under pure oxygen flow was 
made afterwards, following cycle a) of Fig. l(b). All 
samples made in this study can be classified accord- 
ing to the substrate: T1, textured on fresh polished 
monocrystalline MgO; T2, textured on already used 
and not polished monocrystalline MgO; T3, textured 
on fresh polished and oxygen annealed (at 1200°C 
for 10 h) monocrystalline MgO; and T4, textured on 
polished polycrystalline Y203  . It must be noticed 
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Fig. 1. (a) Temperature profile for the YBa2Cu307_ x texturation, (b) classical reoxygenation procedure a) and modified reoxygenation 
procedure b) for YBa2Cu307_x textured samples. 
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that for an easier reading sample names reflect the 
sample origin: G, gel powder; RP, sintered ceramic 
from Rh6ne-Poulenc powder; H, sintered ceramic 
from Hoechst powder; and T, textured sample. 

Carbon content analysis is based on the measure- 
ment of the amount of carbon dioxide evolved dur- 
ing the dissolution of YBa2Cu3OT_x-based material 
in pure sulphuric acid. YBa2CU3OT_ x material was 
ground in an agate mortar just before its introduction 
into the glass vessel. After crossing the vessel, a 
constant buffer of nitrogen (PRODAIR, l'Oxyg~ne 
Liquide, St Denis, France) was checked by a carbon 
dioxide infrared detector (Guardian II, ateliers NOEL, 
Provins, France) sensitive from 0 to 820 ppm of C. 
When zero signal was obtained, H2SO 4 (Rh6ne-Pou- 
lenc, purity 95% minimum) was slowly poured till 
the total dissolution of the powder, observed for 
about 15 cm 3 of H2SO 4 for 0.5 g of YBa2Cu307_x . 
The amount of carbon contained in the starting mate- 
rial was then determined by integration of the CO 2 
signal. The constant gas flow and the mass of 
YBa2Cu307_ x material were adjusted to optimise 
the precision of the measurement. The detection limit 
was < 400 ppm and the measurement reproducibil- 
ity was + 100 ppm. 

DC susceptibility measurements were carried out 
in a magnetic field of 1 mT using a SQUID magne- 
tometer (Quantum Design). 

Microstructures have been examined by analytical 
transmission electron microscopy (TEM) using a Jeol 
2000FX equipped with EDX Link analyser. 

3. Results 

Residual carbon contents for YBa2Cu307_x pow- 
ders obtained by the gel route and for the sintered 
ceramics (from Rh6ne-Poulenc and Hoechst) are 
shown in Table 1. Carbon in the gel powders is 
provided by he gel synthesis route [15]. Carbon 
content of these powders varies between 4000 and 
700 ppm depending on calcination temperature and 
processing atmosphere. We had shown that G1 pow- 
der issued from this route and calcinated at 850°C in 
flowing oxygen is mainly constituted by a phase 
which remains tetragonal even after annealing 
( <  850°C) in oxygen. However, their crystallo- 
graphic parameters are comparable to those of the 

Table 1 
Carbon content in powders and sintered ceramics 

Sample Sample Thermal Carbon 
name origin treatment content (ppm) 

G1 Gel powder 850°C in 02 4000 
G2 Gel powder 800°C in Ar 1300 
G3 Gel powder 925°C in 02 700 
RP1 Rh6ne-Poulenc 915°C in 02 400 

sintered ceramic 
RP2 Rh6ne-Poulenc 950°C in 02 1600 

sintered ceramic 
HI Hoechst 935°C in O 2 600 

sintered ceramic 

orthorhombic 123 phase. Recently, this phase has 
been characterised as an oxycarbonate [15]. From the 
nominal composition determined by refinement of 
the X-ray powder diffraction pattern - -  YBa2Cu2.95- 
(CO3)0 .3506 .  6 - -  this phase should contain 6200 ppm 
of carbon, which agrees with our determination, i.e. 
4000 ppm, see Table 1. Other evidences of carbon in 
this powder was found by ELLS [24]. The existence 
of a carbonate-like environment has been shown by 
IR-spectroscopy [15]. This explains the fact that the 
G2 powder, annealed at 800°C in flowing Ar, pre- 
sents lower carbon content that the G1 one in spite 
of a lower firing temperature. Obviously, the high- 
temperature treatment under neutral atmosphere helps 
carbonate-like dissociation as is well known for 
BaCO 3. Alternatively, vacuum treatment could be a 
good opportunity. An orthorhombic powder is ob- 
tained after treatment at higher temperatures in flow- 
ing oxygen (G3) or at 800°C under Ar followed by 
slow cooling in 0 2 (G2). 

Rh6ne-Poulenc degraded powder employed in RP 
ceramics contained 4090 ppm of carbon. Neverthe- 
less, RP1 ceramic sintered at 915°C in 0 2 only has 
400 ppm of carbon. On the other hand, RP2 ceramic 
treated at 950°C presents a higher carbon content. 
This fact will be discussed later. Finally, H1 ceramic 
sintered at 935°C in 0 2 also exhibits a rather low 
carbon content of 600 ppm. Generally, if powder 
precursor processing is realised carefully, i. e. pre- 
cise control of firing temperature and atmosphere, 
carbon contents may be reduced to below 600 ppm. 
We can say that this carbon amount is the residual 
pollution for a YBa2Cu307_ x powder designated as 
pure.  
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Fig. 2. ZFC magnetic susceptibility for YBa2Cu307_ x textured samples after reoxygenation. T1, textured on fresh polished monocrystalline 
MgO; T2, textured on already used and not polished monocrystaUine MgO; T3, textured on fresh polished and oxygen-annealed 
monocrystalline MgO and T4, textured on polished polycrystalline Y203. 

As has been mentioned above, samples textured 
on MgO substrate are characterised by a broad tran- 
sition even after long time reoxygenation. Compari- 

son with samples textured on Y203 is interesting. 
As-grown samples have both a very broad transition 
and a low Tconset: 70 K for samples textured on Y203 
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Fig. 3. ZFC magnetic susceptibility for sample T3 after reoxygenation according to the procedure b) of Fig. l(b). 
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and 50 K for those textured on MgO. Samples after 
identical reoxygenation cycles differ substantially: 
those formed on Y203 (T4) display a very sharp 
transition at 91.5 K (ATe = 0.5 K) while those on 
MgO (T1-T3) still have a broad transition and a low 
T~on~ct, see Fig. 2. Notice that this phenomena has 
been observed for all the samples prepared by us, 
three cases being presented here (T1-T3). Moreover, 
sample T3 has been reoxygenated twice: a first time 
according to the thermal cycle a) of Fig. l(b) which 
provides the magnetic behaviour of Fig. 2. The 
second time, the sample has been reoxygenated with 
a step at high temperature and for longer time, see 
thermal cycle b) of Fig. l(b). Fig. 3 shows the ZFC 
magnetisation of this sample after the second reoxy- 
genation. Obviously, the characteristic feature of a 
broad transition is still present. We feel something 
else than reoxygenation has to be invoked to explain 
first the difference with Y203 substrate and second 
the apparent insensitivity to reoxygenation. Attempts 
to modify the MgO substrate have been explored. 
We have therefore compared fresh substrates (T1), 
fresh and oxygen-annealed substrates (T3) and sev- 
eral used substrates (T2). T1 and T3 textured sam- 
ples exhibit similar behaviour (Fig. 2). For both 
samples, a second transition at ~ 70 K can be 
distinguished. The T2 textured sample shows better 
properties but still worse that those of the textured 
sample on Y203 (T4). As the same YBa2Cu307_ x 
powder and thermal history were used in the four 
cases, substrate nature must be at the origin of this 
behaviour. However, a strong chemical interaction 
between the peritectic liquid and the substrate is 
observed for the Y203 case, while for MgO substrate 
this interaction is hardly noticeable, only the top 
MgO surface becoming yellowish. 

Table 2 
Carbon content in textured ceramics 

The degradation of superconducting properties in 
these textured samples seems very similar to that 
previously observed in powders and also in sintered 
samples. For example, Maciejewski et al. [25], using 
oxide or metal precursors, have studied the correla- 
tion between the synthesis method of YBa2Cu30 7_x 
and the carbon dioxide content. In two samples 
having, respectively, 1582 and 286 ppm of carbon, 
they observed a similar T co.s¢t but a transition width 
four times larger for the former sample. We conse- 
quently analysed our textured samples in terms of 
residual carbon content. Table 2 shows the carbon 
content of textured samples T1-T4 before, i.e. as 
grown from the MTG process, and after the typical 
reoxygenation cycle. Carbon content of as-grown 
samples was between 2700 and 1300 ppm. The 
sample having the highest content was the one tex- 
tured on a fresh MgO substrate (T1). As a matter of 
fact, all samples present a higher carbon content than 
the starting compact used for the MTG process. 
Compare, for example, sample T4 (on Y203) with 
sample H1 used in the texturation process. This 
indicates that carbon was incorporated during textu- 
ration. Ceramics textured on Y203 substrate (for 
example T4) return to the initial carbon content (500 
ppm) after reoxygenation. On the other hand, despite 
the fact that carbon is decreased after reoxygenation 
in textured samples on MgO substrates, the content 
is not reduced to the starting value of 6~0 ppm. On 
the contrary, it levels off at 1100 ppm for the sample 
on fresh MgO (T1), 800 ppm for the sample on used 
MgO (T2) and 1900 ppm on fresh and oxygen-an- 
nealed MgO substrate (T3). Comparing Fig. 2 and 
Table 2, the magnetic susceptibility behaviour corre- 
lates well with the carbon content, a higher carbon 
content corresponding to a broader transition width. 

Sample Substrate Carbon content Carbon content after Transition 
name as grown ( p p m )  reoxygenation (ppm) width (K) 

T 1 Fresh MgO 2700 1100 21 
crystal 

T2 Used MgO 1200 800 8.5 
crystal 

T3 Fresh and oxygen-annealed 2300 1900 21 
MgO crystal 

T4 Y203 1300 500 0.5 
polycrystalline 
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4. Discussion 

The results show that the anomalies on the mag- 
netic susceptibility curves found for samples textured 
on MgO can be explained by the presence of residual 
carbon. Table 2 reveals that carbon is incorporated 
into the samples during the MTG process. The nature 
of the carbon must be different depending on the 
substrate because of the different behaviour with 
regard to the reoxygenation process. For Y203, car- 
bon cannot be engaged into the YBa2Cu307_ x struc- 
ture since it can be easily eliminated by annealing at 
low temperatures in flowing oxygen. In the case of 
MgO, the removal of carbon is very difficult and 
even impossible. As an example, sample T3 has been 
annealed at high temperatures with a step under Ar, 
in conditions normally efficient at removing carbon 
from powders. However, Fig. 3 shows that this 
sample exhibits very similar behaviour after treat- 
ment, which implies that carbon has not been re- 
moved. This may be due to the lower gas-exchange 
ability of a solid sample with respect to a powder. 
However, many fast diffusion paths already exist in 
textured samples: growth defects, cracks . . . . .  
Therefore, the inability to remove carbon from this 

sample could indicate that the carbon is bonded 
differently than in powders. Carbon contamination in 
samples textured on 3(203 (T4) comes from air-con- 
tained CO 2, while carbon in the T1, T2 and T3 
samples is certainly supplied by the MgO substrate. 
Interestingly, sample T2, prepared on an already 
used MgO substrate, has a smaller carbon content 
and also the sharpest magnetisation curve among 
those prepared on MgO. Indeed, the texturation mod- 
ifies the top layer as mentioned in Section 3. When it 
is not removed, it acts as a diffusion barrier layer, as 
is shown by the improvement in the magnetic sus- 
ceptibility. 

Wolf et al. [26] have shown for MgO crystals 
annealed at 1000°C in radioactive CO2-CO mixtures 
that carbon incorporation by solid/gas exchange is 
very small, resulting in non-measurable solubility of 
carbon in bulk MgO. However, it is known that 
carbon is an impurity in MgO crystals, especially for 
those samples obtained by the sumerged arc fusion 
method [27]. High-purity MgO contains carbon up to 
10000 ppm at the surface, even if a much lower 
content is found in the bulk! Thus, the source of 
carbon contamination in textured samples on MgO 
substrate is the MgO crystal and does not come from 
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atmospheric CO 2 dissolution in MgO. Heating these 
crystals in air increases carbon in the upper 1-5 I~m 
surface layer and decreases it in the bulk. By heating 
in oxygen, carbon can be burned out from the sub- 
surface zone but, upon isothermal annealing at 470 

K, carbon starts to diffuse from the bulk back into 
the subsurface zone within minutes [28]. This fact 
explains why more carbon is systematically found in 
samples using MgO substrates. 

The liquid phase formed during texturation must 

123 
Fig. 5. Inter-phase region by TEM between Y2BaCuO5 inclusion (top) and YBa2Cu307_  x matrix (bottom) formed after texturation on 
MgO. The inter-phase structure is perturbed and contains an anomalously large amount of carbon. 
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play an active role on the carbon retention from the 
MgO substrates. The affinity of the liquid phase 
toward carbon is indicated by the high carbon con- 
tent determined for the RP2 ceramic which has been 
sintered at 950°C in oxygen. The first melting event 
for the Rh6ne-Poulenc ceramics appears at approxi- 
mately 925°C in oxygen atmosphere. This suggests 
that carbon cannot be eliminated if a liquid phase is 
generated during the firing treatment. This phe- 
nomenon is shown in Fig. 4 (drawn from Ref. [29]) 
where is displayed the carbon content calculated 
from thermogravimetric measurements of the same 
Rh6ne-Poulenc powder fired at different tempera- 
tures and in different atmospheres. AT represents the 
difference between the treatment temperature and the 
first melting temperature. It is clearly shown that in 
all cases a better decarbonatation is possible up to 
liquid phase apparition. 

For samples prepared on MgO (T1-T3), carbon 
must be engaged within the YBa2Cu307_ x structure 
during crystallisation because it affects an intragran- 
ular property, the magnetic susceptibility. Nanoprobe 
chemical analysis has confirmed that carbon is in the 
YBa~Cu307_ x structure and not present as an inter- 
granular phase [22]. This carbon is not eliminated by 
annealing in non-oxidising atmosphere, contrarily to 
the metastable oxycarbonate powder. In this phase, 
the CO32- group is located in the centre of the basal 
CuO square (also called Cu(1)) [15]. However, in the 
textured samples, carbon might have a similar con- 
figuration to the oxycarbonate family with nominal 
composition YnBa2nCu3n_lCO3OTn_ 3 [18]. In this 
phase, a CO 2- group replaces the CuO 4 square- 
planar group, or rather copper atoms are simply 
replaced by carbon atoms linked to oxygen atoms of 
the YBa2Cu307_ x structure. In this case, carbon is 
incorporated into the structure in a substitution site 
and not in an interstitial one as in the so-called gel 
powder discussed above. This explains why carbon 
cannot be easily removed because it would be then 
necessary to destroy the YBa2Cu3OT_ x structure. In 
addition, by quantitative analysis with an electron 
microprobe we found a systematic copper deficit in 
samples obtained from a liquid phase, and this can 
facilitate carbon entrapment [30]. A carbon content 
between 1900 and 800 ppm agrees with a nominal 
composition with n between 10 and 20. This carbon 
which cannot be homogeneously distributed explains 

the broad transition temperature. Carbon species pre- 
sent in insertion or in substitution in the z = 0 plane 
affect T c through a modification of the hole doping 
of the CuO 2 planes. Moreover, the introduction of 
the carbonate group impedes the long-range develop- 
ment of Cu-O chains along the b-direction. In any 
case, the CO 2- group blocks up the O(1) site, which 
clarifies why all these oxycarbonate phases are ap- 
parently inert to the reoxygenation process. 

It must be noticed that only millimetric textured 
grains were achieved on MgO while textured grains 
of larger dimensions were possibly reached on Y203 . 
Carbon contamination of the liquid may be one of 
the reasons. This effect is more obvious in the 
bottom part of the sample where only small single 
domains are found embedded in copper-rich regions 
(composed with the peritectic liquid). In contrast, in 
the top part, far from the MgO substrate, 123 grains 
of larger dimensions are noticed. The microstructures 
of such grains have been studied by TEM [22]. As a 
matter of fact, the YBa2Cu307_ x structure is per- 
turbed when an anomalously large amount of carbon 
is present. One such example is shown in Fig. 5, a 
bright field image of an area containing YBa2Cu 3- 
O7_ x and a grain of Y2BaCuO5 inclusion. Curi- 
ously, the area marked @ which is far from the 
interface, 200 nm, has a different aspect than the 
area just below where the usual contrast due to twins 
is visible. These regions have been analysed by 
electron diffraction and EDS punctual analysis 
(nanosize probe). Two conclusions come out: 
(1) the YBa2Cu307_ x perturbed zone contains car- 
bon while the Y2 BaCuO5 inclusion and the non-per- 
turbed YBa2Cu307_ x region do not; 
(2) the perturbed zone has a modified structure which 
is tetragonal. 
Such perturbed areas presumably impede long-range 
texturation. Consequently, the recommendation for 
using MgO crystals in melt processes due to their 
unreactivity [31,32] must be questioned if the MgO 
quality is not verified. 

5. Conclusions 

The anomalies on magnetic susceptibility curves 
found in YBa2Cu307_ x samples textured on MgO 
substrates have their origin in the presence of resid- 
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ual carbon.  A carbon content  smaller  than about  600 

ppm was necessary to obta in  a sharp superconduct-  
ing transi t ion at 91.5 K. A quali tat ive correlat ion 

be tween  the transi t ion width and the carbon content  
was  shown. Liquid  phase plays  an active role in 

carbon incorporat ion in the Y B a 2 C u 3 0 7 _  x structure 
from the MgO substrate dur ing  texturation.  Carbon 

in powders  and sintered ceramics can be e l iminated  
if precursor processing is realised carefully.  Particu- 

larly, l iquid phase format ion must  be avoided dur ing 
the f ir ing treatment.  

In general ,  we suggest that if  l iquid phase is 
prevented dur ing  processing,  carbon is incorporated 
in an interstit ial site creat ing an oxycarbonate  

me tas t ab le  phase  w h i c h  is t r ans fo rmed  into 

Y B a 2 C u 3 0 7 _  x phase by  annea l ing  at high tempera-  
tures. However ,  if l iquid phase is formed, carbon is 

incorporated inside the Y B a 2 C u 3 0 7 _  x structure into 
a subst i tut ion site (carbon substi tutes copper atoms) 

dur ing  crystall isation.  Carbon  removal  from this more 
stable oxycarbonate  form cannot  be  possible  without  
crystal structure destruction. 
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