
ELSEVIER Physica C 222 (1994) 133-148 

PHYSICA 

Nucleation and growth mechanisms of textured YBaCuO 
and the influence of Y2BaCuO5 

N.  Pel lerin a, p. Odier ", P. Simon a, D. Chateigner b 
'~ Centre de Recherches sur la Physique des Hautes Tempdratures, CNRS, 45071 Orldans cedex 2, France 

b Laboratoire de Cristallographie associd ?z l'universitO Joseph Fourier, CNRS, 38000 Grenoble cedex 09, France 

Received 15 November 1993; revised manuscript received 20 December 1993 

Abstract 

123 texturation has been achieved with success on Y203 without application of an external thermal gradient for the purpose 
of a better understanding of nucleation and growth mechanisms. We have studied the effects of thermal parameters such as the 
maximal applied temperature and crystallization speed. Their respective contributions to the peritectic recrystallization (211 
consumption), and to the textured domain size have been made precise by using X-ray data and semi-quantitative analysis on 
the micrographs. The interface reaction between the Y203 substrate and 123 has been analyzed. The substrate promotes a seeded 
type growth of 123 owing to an interracial 211 layer. The mechanism of crystallization has been analyzed in the light of existing 
theoretical models. Our data confirm a crystallization of 123 directly from a liquid as in a peritectic reaction where a major part 
is played by the yttrium diffusion in the liquid. Y atoms are supplied by the dissolution of 211 particles. According to Uhlmann- 
Chalmers-Jackson (UCJ) theory, coarsened 211 grains are trapped by the solidification front in contrast to particles smaller 
than a critical radius that are consumed in the peritectic reaction. (This process explains why such large 211 particles are ob- 
tained in MTG contrary to QMG or MPMG methods. ) Moreover, EPR results show a preferential orientation of 211 inclusions 
according to the 123 matrix which could be favorable to flux pinning in the superconducting state. 211 oriented inclusions make 
possible, to some extent, heterogeneous nucleation at platelet-211 junctions. On the other hand, microstructural studies show 
that the liquid/solid interface is rather unstable being frequently cellular or dendritic, consistent with a model proposed by 
Alexander et al. 

1. Introduction 

The electric proper t ies  o f  the YBa2Cu307_,~ super- 
conduct ing ceramics (we will in the following denote  
by x y z  the YxBayCuzOw compos i t ion )  have been no- 
tably improved  since 1988 by texturing in the pres- 
ence o f  a l iquid phase [ 1 ]. Texturat ion allows one to 
increase the grain connect ion [ 2 ], and  so to raise the 
crit ical current  densi t ies  Jc, especially under  a mag- 
netic field. Actually,  the most  general  me thod  for tex- 
tur ing is the melt  textured growth ( M T G )  technique 
[ 3 ]. The best samples formed by this method  achieve 

t ranspor t  crit ical current  densit ies Jc in the order  o f  
5X104 A c r e  -2 at 77 K between 0 and 2 T (using 
pulsed currents)  [ 4 -7  ]. The M T G  method  uses per- 
i tectic melt ing o f  the 123 phase at Tp = 1015 ° C in air, 
giving rise to the Y2BaCuO5 phase (the so called green 
phase)  plus a l iquid m 1 having the approximate  stoi- 
ch iometry  Y / B a / C u :  1 / 16/27 [ 8 ]: 

123- .211 + L ( m l ) .  (1)  

A slow cooling step (at  a rate close to 1 ° C / h )  in a 
tempera ture  range including Tp, and under  a thermal  
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gradient of 1 to 50 ° C /mm allows crystallization and 
texturation of 123 to occur. One obtains a textured 
matrix 123 containing 211 residual inclusions be- 
cause of only partial peritectic recrystallization of 123 
due to kinetic problems. However, up to now textur- 
ation concerns generally small samples (in the centi- 
metric range). 

The increase of Jc necessitates efficient vortex pin- 
ning and thus the presence of a large number of ap- 
propriate defects. Probably 211 inclusions act as pin- 
ning centers, but certainly indirectly [ 9,10 ]. A study 
of Murakami et al. shows Jc to be inversely propor- 
tional to the size of 211 grains [ 9 ]. Effectively, ma- 
terials with a defect size in the order of magnitude of 
the coherence length, as in thin films, offer a very high 
Jc but exhibit also large flux creep. In these materials, 
defects are due to growth faults. In textured materials 
with large 211 particles (d~> 1 Ixm), J~ is smaller, but 
flux motion is less affected by thermal activation. 

Other methods derived from MTG have been de- 
veloped with the purpose to control the 211 residual 
phase microstructure. The well known quench melt 
growth (QMG) [ 11 ] method allows one to obtain 
residual 211 particles with 1 to 5 lxm size, while the 
melt powder melt growth (MPMG) technique, de- 
rived from QMG, leads to inclusions ~< 1 ~tm [ 11 ]. 
Even smaller 211 particles (0.5 ~tm), have been ob- 
tained by the powder melting process (PMP) start- 
ing from 211 and 011 mixed powders in the appro- 
priate stoichiometry to get 123 [ 12 ]. 

Application of a thermal gradient G ( °C/cm)  al- 
lows one to increase the size of textured domains and 
subsequently to raise the J¢ values [ 13,14 ]. For ex- 
ample, Pollard et al. [ 15 ] showed that a MTG exper- 
iment leads to a 500 ~tm 123 domain size without 
thermal gradient, while it reaches a few millimeters 
when G= 10°C/cm. Other authors have also tried to 
use different kinds of texturing means such as a mag- 
netic field [ 16 ] or seed growth [ 17 ]. 

In directional crystallization, the growth rate R 
(cm/h)  plays an essential role. The theory of consti- 
tutional supercooling developed for alloys [ 18 ] gives 
the conditions for establishing a stable planar solidi- 
fication front, needed to obtain samples of high crys- 
talline quality. This is mainly governed by the ratio 
G / R  which must be sufficiently high to fulfill the 
inequality 

G/R>~ - (mCL/DL)  ( 1 - k ) / k ,  

where m is the liquidus slope (dT /dCL) ,  DL the dif- 
fusion coefficient of the solute in the liquid phase, k 
the distribution coefficient at the interface and CL the 
solute concentration in the liquid. 

The product GR ( ° C / h )  also plays an important 
role in the peritectic solidification. It is equivalent to 
a local cooling rate and controls the coexistence, the 
selection and the transformation of the phases [ 19 ]. 
Recent studies of Shiohara et al. by directional soli- 
dification (horizontal Bridgman configuration) show 
that the theory of constitutional supercooling can be 
applied to the peritectic recrystallization of high-T¢ 
superconductor oxides [ 19,20 ]. 

If peritectic systems are very common in metallic 
alloys, very few fundamental research works have 
been performed on peritectic solidification of oxide 
systems, and especially on the precipitation of the 
secondary phase and its subsequent growth in rela- 
tion to the dissolution of the primary phase. How- 
ever, understanding this phenomenon is essential for 
the purpose of texturing large pieces of 123 ceramics 
with relatively high Jc and low flux creep. Peritectic 
crystallization is a complex mechanism and Kerr et 
al. [22] have introduced the distinction between 
peritectic reaction and peritectic transformation. The 
peritectic reaction described by L+~--,a is the for- 
mation of a secondary solid a by reaction of the pri- 
mary phase ]3 directly with the liquid at the peritectic 
temperature. Generally, this reaction does not go to 
completion because there is formation of a continu- 
ous layer of a which encloses each [~ particle, pre- 
venting further direct contact between liquid and 13. 
The reaction can then continue thereafter only by 
long-range diffusion of the solute through the a-layer; 
this is termed a peritectic transformation. This is not 
usually isothermal since diffusion through the solid 
will limit the transformation rate. StJohn [23] 
showed that this first definition can in fact be dis- 
cussed. In particular, he concludes that the peritectic 
reaction cannot occur at the peritectic temperature 
for thermodynamical reasons, and does not appear in 
most peritectic systems because crystallization of the 
periteetic phase must occur directly from the liquid. 
However, in peritectic systems where liquidus lines 
of the primary and secondary phases are close to- 
gether, the liquid L may coexist with the peritectic 



N. Pellerin et aL /Physica C 222 (1994) 133-148 135 

product a and with the primary solid 13 below Tp by 
undercooling. In this case a fast access to the primary 
phase is possible allowing the peritectic reaction to 
occur for continuous cooling, at moderate rates, be- 
low Tp. This peritectic reaction is rarely observed be- 
cause it necessitates the dissolution of 13 in the under- 
cooled liquid (Fig. 1 ) and the crystallization of 
directly from the liquid. This particular case can be 
described, at TR for example by the successive reac- 
tions ( 1 a) and ( 1 b ) for the cooling of a melt of  com- 
position C~p [ 23 ]: 

]~(C~) + L(CL~ ) ---, L (CLa) ,  ( l a )  

L (CLi3)--* Ct (C~,) + L (CL~), ( l b )  

where CI~, C~, CLa, C~l and CL~ denote the concen- 
trations defined in Fig. 1. 

This theory is for example verified in Cu-Sn alloys 
[ 24 ] as well as in other usual compounds such as A1- 
Mn [ 25 ] and Pb-Bi [ 24 ], with evidence of primary 
phase dissolution. 

Since 1992, different hypotheses have been pro- 
posed to discuss the mechanism of 123 peritectic re- 
crystallization from 211 + L ( m l  ). Izumi et al. [21 ] 
have observed the radius of  211 particles in the 123 

Tp Clp 

k % B l-x t3 

Fig. 1. Hypothetical phase diagram involving a primary phase 
and a peritectic secondary phase a. It is associated with a case 
where the undercooled liquid 13 (composition CLI3) can coexist 
with the liquid a (composition Ct~) and the solid 13 (composi- 
tion Ca) at a temperature below Tp. The solid a (composition 
C~l ) is then directly solidified from the liquid. This is the so- 
called peritectic reaction according to StJohn [23 ]. 

matrix, for samples obtained by directional solidifi- 
cation. It is almost constant and independent of  the 
distance from the solid/liquid interface and of the 
growth rate R. They assume that a significant coar- 
sening of the 211 particles occurs in the liquid by Os- 
twald ripening and that these grains are trapped in 
the growing crystals when they become larger than a 
critical radius, as described by Uhlmann-Chalmers-  
Jackson theory [26]. Then the solute (yttrium in 
particular) necessary to accomplish the peritectic so- 
lidification is supplied through the liquid according 
to the peritectic reaction mechanisms. 

In the same way, Bateman et al. [ 27 ] have argued 
that 123 texturation cannot be explained by consid- 
ering that 123 is grown by nucleation on initial 211 
particles and further being encapsulated. Effectively, 
one would then observe small randomly oriented 
grains of 123, perhaps with residual 211 particles at 
their center [ 18 ]. They also claim the inconsistently 
of this hypothesis from a kinetic point of  view. 
Therefore 211 is not a preferential nucleation site for 
123, contrary to the point of view of many authors 
[28,29]. Then it is obvious that peritectic recrystal- 
lization of 123 does not proceed according to the 
classical peritectic transformation. Bateman et al. 
suppose a dissolution of 211 and precipitation of 123 
to take place from an undercooled liquid (under- 
cooling of 30 to 100 ° C), according to the model pro- 
posed by St John [ 23 ]. Other authors have effectively 
observed peritectic growth of 123 below I015°C 
[30], which presupposes the existence of under- 
cooled liquids. To explain the 123 grain alignment, 
Bateman et al. assumed preferred nucleation sites of 
the peritectic product on heterogeneities and bound- 
aries formed by sympathetic nucleation. This type of 
nucleation can be defined as the nucleation of a pre- 
cipitated crystal, with a composition different from 
that of  the matrix, at the interface boundary of an- 
other crystal of  the same phase [ 31 ]. Sympathetic 
nucleation has often been observed in Fe-based, Cu- 
based or Ti-based alloys. A comparative theoretical 
study of the relative nucleation kinetics for homoge- 
neous, grain-boundary and sympathetic nucleation 
demonstrates that the activation barriers associated 
with these processes become comparable when nu- 
cleation occurs on the terraces of  the plate-shaped 
precipitate, and when the matrix/precipitate inter- 
face is replaced by a precipitate/precipitate bound- 
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ary having a relatively low energy. Small-angle pre- 
cipitate/precipitate boundaries (few degrees) 
[31,32] are encountered in 123 textured matrix ac- 
cording to Bateman et al. [ 27 ] and sympathetic nu- 
cleation is assumed to take place. However, sympa- 
thetic nucleation refers to multiphase compounds at 
equilibrium, which is not strictly the case here. 

Finally, Alexander et al. [ 33 ] have put forward an- 
other hypothesis on the growth process. They have 
observed the presence of crystallized phases between 
the boundaries of  stacking sheets. On the other hand, 
they observe a very small crystallographic misorien- 
tation between the sides of  boundaries within a do- 
main, which we confirmed in another study [34]. 
This is considered as a proof that a crystalline conti- 
nuity exists in a domain therefore identified as a sin- 
gle crystal. They conclude that 211 particles contrib- 
ute to the boundary-formation process because the 
crystal must bypass these particles during progres- 
sion of the solidification front. These boundaries are 
filled with products rejected by the liquid phase dur- 
ing 123 bidimensional cellular solidification. 

The substrate is an important aspect of  the textur- 
ation and very few papers have been published con- 
cerning nonpolluting substrates such as Y203 [ 35 ] or 
Y2BaCuO5 [ 36]. The purpose of this article is to 
demonstrate that it is possible to texture on relatively 
large dimensions, without external driving forces, by 
using a polycrystalline Y203 substrate. This oxide is 
very interesting because it does not pollute the super- 
conducting phase. We therefore report on texturing 
experiments on this substrate performed without ex- 
ternal thermal gradient or magnetic field. This may 
be a simplification necessary for a better understand- 
ing of the mechanisms. We have studied the effects 
of thermal parameters such as the maximal temper- 
ature reached and the crystallization rate. From mi- 
crostructural and chemical studies we try to differ- 
entiate their respective contributions on the maximal 
domain size and on the peritectic recombination ef- 
ficiency. This discussion enables one to separate the 
contribution to the process of this particular sub- 
strate. Finally, we show that the characterization of 
211 residual particles gives interesting information 
concerning the crystallization process. Comparison of 
our results with those of  other authors helps to dis- 
cuss the models proposed in the literature. 

2. Experimental procedure 

YBa2Cu307_~ powders are prepared from Rh6ne- 
Poulenc powders (RP 43, SU 86 or RF 183) and Al- 
catel-Alsthom Recherche (centre de Marcoussis, 
France) precursors, by firing in oxygen at an increas- 
ing temperature with intermediate grinding. The 
presence of unreacted phases is checked by careful X- 
ray diffraction (XRD)  characterizations (Philips 
diffractometer with Ni filtered Cu Ku radiation). 
When a single phase is obtained, the powder is isos- 
tatically pressed (at 250 MPa) in a cylindrical shape 
(O = 4mm, l-- 15 mm ), and sintered at 900 ° C in 02. 
The ceramic is then flattened on one side and posi- 
tioned on the substrate. This support is an optically 
polished high-temperature sintered disk of Y203 
(95% dth), prepared from pure Y203 powders (3N, 
Rh6ne-Poulenc). 

The sample and its substrate are placed in an hori- 
zontal furnace in such a way that the axis of  the sam- 
ple is collinear with that of the furnace. The longitu- 
dinal thermal gradient along the sample is negligible 
in this portion of the furnace, and the radial gradient 
is estimated to be smaller than 1 °C/cm. The heat 
treatment is made according to the profile of  Fig. 2 
(top).  The sample and its substrate are brought from 
room temperature to an elevated temperature de- 
noted Tma x (1030~<Tmax (°C)~< 1170) in 3 h. This 
temperature is maintained during tM (0-5 min or 1 
h); the sample is then cooled at a rate C~ (0 to 200°C/ 
h) to the temperature T~ ( 1005 </ '1 (°C)  < 1090). 
This first treatment allows the peritectic decomposi- 
tion of 123 in 211 plus liquid to occur. Next, a slow 
cooling step at the rate Cr (0 to 5°C/h)  is applied 
down to T2 (980<7"1 ( ° ) < 1 0 2 0 )  to perform the 
peritectic recrystallization of 123. A post-reoxygena- 
tion annealing under pure oxygen flow is made (see 
Fig. 2 (bot tom)) .  

The textured samples are then analyzed by several 
techniques. SEM (Cambridge stereoscan 100) is used 
for morphological characterizations. It is coupled with 
an EDS analysis. The use of  standard spectra of pure 
123, 211, 011 and 001 phases allows one to identify 
unambiguously the implied phases. Observations are 
made on polished and chemically etched cross-sec- 
tions with an aqueous solution of 2% vol. acetic acid). 
Observations of the Y203/123 interface are also made 
on cross-sections perpendicular to the substrate sur- 
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Fig. 2. Temperature profile for the 123 texturation (top) and 
reoxygenation procedure (bottom). 

face. These have been completed by quantitative 
analysis with an electron microprobe (Camebax-mi- 
crobeam) using wavelength dispersive analysis 
(WDS).  The spectrometer works under 15 kV with a 
current beam of 12 nA and a spot size of  1 ~tm. Cali- 
brations are made on pure Cu, BaSO4 and Y203 by 
using PET crystal analysor for Ba I.a, LiF for Cu K~t 
and TAP for Y La. Oxygen was not detected in this 
study; its contribution was estimated by assuming a 
normal oxidation state of the elements. We used ZAF 
corrections to obtain Y, Ba and Cu atomic fractions 
measured each micrometer. The measurements on 
porous areas are not taken into account. 

Quantitative information on the microstructure of  
textured 123 is needed to determine the role of the 
various thermal parameters. These quantities should 
be only used for comparing samples and not as abso- 
lute data. From micrographs obtained on several sec- 
tions parallel or perpendicular to the substrate, we 
have roughly estimated the volume of the largest do- 
main of each sample: it is denoted Vmax. A domain is 
defined [ 37 ] as a zone with weakly misoriented (few 
degrees) grains separated by boundaries clearly visi- 
ble in Fig. 3. Domains are easily visible in an optical 

50 M,m F ,i 
Fig. 3. Typical texture of 123 (sample R102, Table 1 ). The sam- 
ple has only one large single domain. 

microscope. We have also estimated the mean size Im 
and the surface density ds of  residual 211 grains from 
SEM photos. They appear as lengthened particles with 
a bright contrast. The quantity lm is approximated by 
the mean value of their individual largest dimension 
over one hundred particles localized on a surface of 
area S. Assimilating the 211 particles to rectangulars 
of  surface s =lm X lm/2, then the surface density ds is 
simply deduced from 

d~ = 100 s/S= 5012/S. 

Accounting for measuring errors gives a 6% relative 
error for S, 15% for lm, and 30% for d~, which is large, 
but allows for comparison between samples. 

Whereas d~ gives local information on the 211 sur- 
face density, we have searched to obtain a macro- 
scopic order of  magnitude for the 211 volume frac- 
tion relative to 123. To do so, we used representative 
parts of the samples, finely ground and probed by X- 
ray diffraction. After estimating the base line, we 
evaluate the intensity I of the (hkl) lines (110) and 
(013) for 123, and (140), (002), (211) and (131) 
for 211 phase by their amplitude. This enables one to 
calculate 1123 = I ( 110 ) + I(013 ), and 
1211 = I (140)  +•(002) +I(211 ) + I (  131 ). These lines 
are intense and poorly affected by the degree of pow- 
der orientation; this allows one to reasonably assume 
the ratio ri = 1211 / ( 1123 + 1211 ) to be proportional to the 
relative volume fraction of 2 11 phase in the sample. 
Considering the different sources of  error (sample 
homogeneity, degree of powder oxygenation ...), we 
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can estimate the relative error on ri to be in the range 
o f  20%. 

Conventional  X-ray diffraction and X R D  pole fig- 
ures [ 38 ] were also used to analyze the texture. The 
pole figures are obtained by using the Schulz reflec- 
tion technique. The intensity distribution is mea- 
sured by the appropriate ~o and Z (0<~o< 360 ° and 
0 < Z <  72 ° ) scans. The analyzed area is in the order 
o f  1 m m  2 ( ~ 10 gm in depth).  After an appropriate 
treatment o f  the data, the pole figures are plotted on 
a polar stereographic projection. 

Additional EPR studies were made to study any 
orientational relationship between the 211 phase and 
the 123. The EPR spectra have been recorded at room 
temperature in air, on a X-band and on a Q-band 
spectrometer, respectively, for v~9 .7  GHz and 
v~  34.2 GHz. 

To analyze the chemical reactions between the liq- 
uid m l and the substrate, we have made thermal 
analysis by DSC (Setaram 1500 ° C) on a mixed pow- 
der composed with 60 mg o f m  1 (prepared by the sol 
gel technique [ 39 ] ), and 240 mg ofY203 (3N Rh6ne- 
Poulenc).  The resulting powders were also analyzed 
by XRD. 

Finally, AC magnetic susceptibility and magneti- 
zation measurements were made to check the super- 
conducting properties. 

• ,~ ~, 

role of  the cooling rate Cr is discussed first, but before 
going into more details, one should recall some gen- 
eral observations. 

After texturing, the cylindrical shape of  the sam- 
ples is preserved. Generally the samples are dense and 
homogeneous, but metallographic observations re- 
veal the presence of  some heterogeneous zones, often 
localized at one end and /o r  at the periphery of  the 
sample. These areas are disordered, and copper-rich 
with many accumulated 211 particles. A representa- 
tive example of  such a case is shown in Fig. 4. The 
samples stick on the substrate which becomes black 
with green zones because of  some reacted liquid 
evacuated from the sample by wetting. This will be 
developed in section 3.2. 

3.1.1. Slow cooling rate, i.e. Cr=l°C/h;  the role of  
Tmax and tM 

In all cases discussed here, the starting temperature 
of  the cooling sequence T~ is 1030°C, that is 15°C 
above the peritectic temperature, and the cooling rate 
Cris 1 °C/h.  

Data characterizing the textures versus /'max and 
t M are reported in Tables 1 and 2. From Table 1, it is 
clear that Vmax increases with Tmax up to an optimal 
temperature depending of  the time spent at the high- 
temperature plateau. At first sight, the increase (not 
shown here) is linear with Tmax for Tmax below 
1140 ° C. In our particular case Vmax reaches a maxi- 

We have brought together in this section the exper- 
imental facts observed. The discussion is focussed on 
extrinsic factors concerning texturation caused by the 
particular choice of  yttr ium oxide substrate and the 
absence of  imposed thermal gradients. Section 4 con- 
cerns more intrinsic aspects of  texturation. 

3.1. Influence o f  the thermal schedule 

Experiments have been performed to delimit the 
influence of  several parameters, i.e., Tmax, tM and Cr 
(see fig. 2), on the texturation performed on Y203 
and without thermal gradient. The samples may be 
characterized by four parameters defined in section 
2: Vmax, d, Im and ri. In addition, the expected corre- 
lation between d~ and ri allows one to appreciate the 
homogeneity of  the 211 repartition in the sample. The 

3. Results 

100/~rn 
4 

Fig. 4. An example of large heterogeneities frequently observed 
at the perifery or at the extremities of textured samples. One sees 
the texture at the right hand side, large black copper-rich inclu- 
sions containing many 211 particles and porosities at the left- 
hand side (sample R101, Table 2). 
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Table 1 
Influence of  T=~, and TM on texture formation as quantified by l~, d~, ri and Vm~ (see text for the definition of  these quantities). Here 
C~= 1 °C/h ,  7"1 = 1030°C, T2= 980°C and Ca= 180°C/h 

Sample tM (min) Tm~ (°C)  lm (gm)  d~ (%) ~ Vm~ 
(mm 3) 

R97 0 1030 7 29 0.3 2.4 
R141 ) 1030 6 20 0.23 30 

R142 t 1060 6 18 0.18 65 
RI01 1090 7 22 0.28 90 
R143 5 1110 6 23 0.27 90 
RI02 1140 7 18 0.31 130 
R123 1170 6 24 0.39 65 
Rl13 ~ 1030 6 25 0.33 1.5 
R100 f 60 1090 7 16 65 
Rl18 1140 7 12 0.34 0.3 

Table 2 
Influence of  the cooling rate Cr on the texture for 1030 < Tm~ ( ° C) < 1170, 0 < tM (min) < 5, TI = 1030 or 1040 ° C, T2 = 980 ° C and 0 ~ Ca 
( o C / h )  ~< 222. In bold are reproduced results of  samples of  Table 1 obtained for the same Tm~ 

sample Cr Tm,x tM Cd T1 l~ ds ~ Vm~ 
( ° C /h )  (°C)  (min) ( ° C / h )  (°C)  (gm)  (%) (mm 3) 

R105 4 1030 0 0 1030 6 6 0.17 0.1 
R97 1 180 7 29 0.3 2.4 
RI07 2 1090 0 180 1030 7 25 0.26 78 
R101 1 5 7 22 0.28 90 
R121 3 1140 5 180 1030 6 9 0.22 0.5 
R102 1 7 18 0.31 130 
R125 5 1170 5 222 1040 6 13 3 
R123 1 180 1030 6 24 0.39 65 

mum size for Tmax = 1140 ° C and for tM = 5 min, the 
largest domain reaches 130 mm 3 (10×3 .6×3 .6  
ram3). One can draw an experimental efficient tex- 
turing range ( Tm~x, tM) as depicted schematically in 
Fig. 5. More research is in progress to make precise 
its limits, but it appears that the best compromise is 
realized at intermediate temperatures (1070~< Tmax 
(°C) < 1170) for a holding time between 0 and 30 
min. 

This compromise is found better evidence for by 
analyzing the correlation between ds and ri. The 
quantity d~ is associated with the amount of 211 phase 
remaining in the texture while ri concerns its volume 
fraction. Unreacted 211 is due either to slow kinetics 
of the peritectic reaction or to shifts in the liquid stoi- 
chiometry due to possible reactions with the sub- 
strate. For homogeneously distributed 211 particles, 
one expects ds to be proportional to r 2/3 because d~ is 

equivalent to an a r e a  ( /2 )  and ri to a volume ( / 3 ) .  

This is verified (ds= ar~/3 ( a ~  2.6) ), except for the 
samples R 105, R 121 and R 118. The last two are high- 
temperature treated samples emphasizing the role of 
chemical interactions with the Y203 substrate. This 
is discussed in more details in section 3.2. On the 
contrary, sample RI05 is processed at low T where 
still rather strong heterogeneities had developed. This 
is an indication that some dwell time is needed to get 
a homogeneous distribution of 211 solid phase within 
the liquid ml.  Of course the higher the T, the smaller 
this time should be. 

Because of the errors on ds we can conclude from 
Tables 1 and 2 that ds and lm are rather insensitive to 
the operating conditions. However, a small decrease 
of ds upon increasing Tmax is noted for large tM (in 
the range of 1 h). This indicates a more efficient re- 
combination probably due to finer 211 particles. This 
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Fig. 5. A 2D schematic representation of Vm~,=f(Tm~x,/M). Lines 
are only guides for the eyes, Vmax is the volume of  the largest 
domain.  

will be commented on according to the mechanisms 
of peritectic recrystallization in the discussion (sec- 
tion 4). Note that the values ds and ri are generally 
relatively large; effectively, the peritectic recrystalli- 
zation of 123 is always incomplete. Finally lm is re- 
markably constant between 5.7 (+0 .5 )  and 7.2 ~tm 
(+0 .5 )  for 1030~<Tm~x ( ° C ) ~ 1 1 7 0  and 0~<tM 
(min) ~< 60. 

500/~ m 
I I 

Fig. 6. A sample processed at a high cooling rate, i.e. Cr=4°C/h 
(sample R 105, see Table 2 ). Textured domains are already formed 
but  on a short scale. 

development of  a significant single domain is impos- 
sible above a critical Cr. 

Another interesting feature is the fact that ds and ri 
both decrease upon decreasing the cooling rate. As an 
example, sample R105, to which a fast cooling rate 
Cr= 4 ° C/h  was imposed just after reaching Tmax, has 
the smallest residual 211 content of  the series be- 
cause a smaller compositional shift competes with the 
peritectic recombination process. The substrate is re- 
sponsible for such effects as will be now discussed. 

3.2. )I203/123 interaction 

3.1.2. Cooling rate Cr >t 2 ° C/h 
The cooling rate is an important aspect of  the crys- 

tallization process because it represents the local 
transformation speed as defined by GR. It is then ex- 
pected to have an influence on the solid/liquid inter- 
face stability. As an example, Fig. 6 shows a typical 
microstructure of  samples processed at too fast cool- 
ing rates. Texture is still observed but on a local scale. 
No long-scale stacking seems possible above 4°C/h.  
Table 2 and Fig. 7 (a) compile the representative set 
of our data in a useful way for optimizing Vmax. For a 
given Tmax, the largest domain size decreases versus 
Cr very rapidly (Table 2) indicating how critical 
should be the local equilibrium on long-distance de- 
velopment of ordered microstructures. This can be 
also appreciated in Fig. 7 (b) where Vm~x has been 
plotted versus Cr for various Tm~x's. Only a limited 
amount of data is available but it is observed that the 

The substrate is one of the key factors for textur- 
ing. Regnier et al. have shown for example that tex- 
turation by creep-sintering is possible on silver foils 
and not on pure gold [40]. We previously showed 
that, in the absence of a thermal gradient, no textur- 
ation was possible on A1203, only millimetric tex- 
tured grains were achieved on single-crystalline MgO 
while textured grains 10 or 100 times larger were pos- 
sibly reached on Y203 [41 ]. A careful analysis of the 
interface is then essential. SEM observations and EDS 
analysis on transverse sections across textured sam- 
ples show a 211 interphase layer, about 200 ~tm thick, 
oriented in the same way as the 123 textured matrix, 
see Fig. 8 (a). Quantitative chemical analysis by us- 
ing the electron microprobe (WDS) allows one to 
confirm this. Figure 8 (b) reports the chemical pro- 
file across a similar (but thinner) interphase as that 
shown in Fig. 8(a).  Evidence is found for a well de- 
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(and identical 7"1 = 1030°C, T2= 980°C and Ca= 180°C/h) .  No 
texturation seems possible outside the hatched field. 
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fined zone (50/am) composed of211 phase; it is fol- 
lowed by an area composed exclusively of CuO + 211, 
and 123 is detected on top. Similar findings were ob- 
served in a previous study of the chemical interac- 
tion of BaO/CuO melt on Y203 [42]. In this latter 

case, the liquid composition was close to 7BaO- 
18CuO (nearly the binary eutectic composition) and 
the results were almost identical except that the 211 
phase was formed below 1000°C, i.e. at 940°C, cor- 
responding to the peritectic temperature Tp. 

Thermal analysis on powdered mixtures o f m l  and 
Y203 in the molar ratio m 1/Y203 = 1.2 × 10- 2 allows 
one to analyze more carefully the chemical reactions 
occurring between the liquid m 1 and the substrate. 
The DSC analysis, see Fig. 8 (c) reveals the presence 
of a single endothermic peak at about 1050°C (onset 
at 1040°C). According to XRD analysis, the result- 
ing sample is mainly composed of Y203, 211, and a 
small quantity of Y2Cu2Os. This onset temperature 
corresponds with the observations of  a texturing 
threshold at Tm~x> 1050°C (Figs. 5(b)  and 7 (a ) )  
which then proves the need of a 211 layer at the in- 
terface for texturing on Y203. This is probably an es- 
sential step in the absence of a thermal gradient. Ob- 
viously no such layer could be formed on A1203 and 
MgO substrates [ 41 ]. This is a clear indication that 
211 acts as a seed in the growth process. Certainly 
important is the fact that the 211 layer is apparently 
textured. The orientational relationship between 
Y203 or 211 precipitates and 123 have often been 
noted, in particular during crystallization of thin films 
[43,44,36]. However, our observations are a little 
surprising because our Y203 substrate is polycrystal- 
line and the origin of the 211 orientation is not known. 
More work is presently under way on this aspect. 

I f  Y203 has a beneficial influence on texturing in 
the absence of any imposed thermal gradient, it has a 
detrimental effect as the chemical interaction with the 
substrate may shift the overall composition. Clearly 
when the sample is subjected to a too high Tmax or if 
a too long time (tM) is spent at/'max, then part of the 
sample becomes green and porous. The removal of  a 
significant amount of liquid during the process is re- 
sponsible for this trouble. The liquid wets and reacts 
with the substrate which may be entirely green at the 
end of the process. Fig. 9 is an example of such a case 
where the right-hand side of the photo gives evidence 
of a porous zone exclusively composed of 211. Ob- 
viously the growth of the texture has been stopped on 
this zone due to the absence of a feeding liquid. Note 
that the physical characteristics of  the remaining liq- 
uid do not permit one to fill back such an emptied 
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Fig. 8. (a) Cross-section of  a textured sample (right part)  on a n  Y 2 0 3  substrate. (b) Chemical analysis profile (by electron microprobe 
in WDS)  across the substrate and the textured 123 on top of  it. (c) DSC analysis of  a mixture m l / Y 2 0 3  (molar ratio 1.2 X 10-2),  
performed under air (m 1 refers to the liquid issued from the peritectic melting of  123, see text). This thermogram clearly shows the 
occurrence of  a chemical reaction at 1040°C. 
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Fig. 9. A typical example where too much liquid has been re- 
moved from the sample by reactive wetting on the substrate, due 
to a too long holding time at Tm~ (sample R113, see Table 1 ). 
The grains on the right-hand side are 211 grains with almost no 
residual trapped liquid. 

zone. On the other hand the aspect o f  the right-hand 
part o f  the photo o f  Fig. 9 gives a view of  what would 
have been obtained if the liquid part o f  a melted sam- 
ple of  123 would have been removed. It reveals the 
skeleton built by the 211 particles which inhibits sig- 
nificant deformation of  the solid in its molten state 
[45].  

Therefore, nucleation, growth and subsequent ori- 
entation of  211 is favored on Y20 3 in the presence of  
such a liquid as m 1. It is apparently transmitted to 
123 during its peritectic recrystallization, as the 
(ab),23 planes appear to grow according to the tex- 
ture developed at the 211 interphase. So, in the ab- 
sence of  any imposed thermal gradient, Y203 seems 
to drive the 123 texturation thanks to 211 growth 
which acts as a seed for 123 texturation. 

3.3. Texture characterization 

The analysis of  the texture by X R D  pole figures has 
been performed on two perpendicular surface. It 
shows that the texturation concerns the (ab) planes 
and is not limited to the surface o f  the specimen. Fig- 
ure 10 shows several (hkl) poles for one typical sam- 
ple (a part of  sample RI02 ,  see Table 1 ). Areas de- 
limiting the various intensity ranges are represented 
in the (Z, ~) plane. The (00/) pole shape defines the 

90 

90 ~ 60 % 

30 ~ 45 % 

db~s~ 

90 

degree of  c-axis alignment. Its actual position proves 
that the [001 ] direction is at about 60 ° of  the normal 
to the surface of  the sample. The (hkl) pole figures 
give information on the in-plane texture. In addition 
it can be used to evaluate the angular dispersion of  
the platelets considering the solid angle containing the 
(hkl) poles. Taking into account only the crystals 
contributing to more than 50% of  the maximal inten- 
sity, their angular dispersions are limited to less than 
5 ° for all the crystalline directions ascertaining the 
rather small mosa'icity of  this sample. We can con- 
clude that this method of  texturation provides a bulk 
texture o f  good quality. 

Our textured samples present some macroscopic 
cracks between the sheets. Their orientation can be 
estimated from the X R D  pole figures, they are co- 
planar with (ab) plans, and follow the cleavage (001) 
plane although substantial deviation may be noted on 
a local scale. The presence of  cracks in our samples is 
difficult to control; they are occasionally formed even 
under slow cooling below 700°C (Fig. 2 (a )  ). Prob- 
ably the tetragonal-to-orthorhombic phase transfor- 
mation, the residual stresses between 211 and 123 and 
also the differences in thermal-expansion coeffi- 

Fig. 10. XRD pole figure of a small piece ( 13 mm 2) of a large 
single domain (sample R102) processed on Y203. The plot is 
made in the (X, ~o) plane. The sample plane is the projection plane 
of the pole figures. The outline delimits areas covered by a given 
percentage of the maximal intensity. 
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cients between 123 and Y 2 0 3  substrate have to be 
considered together. 

We have also explored the possibility of an orien- 
tation of the 211 residual phase according to 123. 
Comparing XRD intensities of  211 powder and of 211 
in textured samples tends to prove that 211 is also 
preferentially oriented. This has been made precise 
with an EPR study thanks to the absence of any de- 
tectable 123 EPR signal, an absence not yet under- 
stood [46,47 ]. Conversely, owing to the presence of 
localized Cu 2÷ of spin ½ in the 211 compound, this 
phase displays a strong EPR signal. The local envi- 
ronment of 211 is orthorhombic, and in a single crys- 
tal, the principal axes of the g tensor coincide with 
the crystallographic axis: gx with a, gy with c and gz 
with b ( a =  0.5658 nm, b=0.7132 nm, c=  1.2181 nm) 
[48 ]. The splitting gx-gy being small, we denoted gt 
for the mean arithmetic value of gx and gy, while g, 
corresponds to g=. Several textured single-domain 
samples have been analyzed by EPR in a configura- 
tion allowing for an axial rotation of the sample. Fig. 
11 shows measurements performed with the rotation 
axis perpendicular to c~23. An analysis of  the differ- 
ent angles (H, c~23) shows a maximum of the line as- 
sociated with g, when the magnetic field is perpen- 
dicular to c123. This is a proof that green residual 
particles are preferentially oriented with regard to the 

I A g / / g l  

211 powder 

,. H perp r_12: I 

A t 

70'o ' ' ' ' o , oo  ,oo  ,+oo  ooo 
H ( ~  

Fig. 11. E E l  of a 123 textured sample, The copper signal is that 
of 211 residual inclusions. It is compared to that of  the pure 211 
powder. The sample can be rotated with respect to the vertical 
axis. The signal (curves A) is anisotropic due to a preferential 
orientation of  the 211 particles inside the texture. 

Y B a 2 C u 3 0 7 _ 6  matrix: the b21 ~-axis is then contained 
in the YBa2Cu307_,~ (ab) planes. A more precise 
study has been made in the Q-band. At first obser- 
vation, it seems that the c2~t- and a2~ taxes  present 
no preferential orientation with 123. TEM observa- 
tions of the 123/211 interfaces on similar samples 
[49 ], and results reported from the literature [50] 
are consistent with this EPR study. 

3.4. Magnetic measurements 

The textured samples have been characterized in 
AC susceptibility proving high-superconducting 
properties. The best one displays a perfect diamag- 
netic behavior below 91 K with a very narrow tran- 
sition (ATe<0.5 K)  and a mid-point at 91.5 K. The 
field sensitivity is also very weak. The critical current 
density deduced from magnetization studies [ 51 ] by 
the Bean model reaches 1.3 )< l04 A c m  - 2  at 77 K a n d  
for 1 T (Hllc). Recent studies by dynamic hysteresis 
loops and magnetization relaxation have shown a 
clear correspondence between irreversible magneti- 
zation and pinning energies [ 52 ]. 

4. Discussion 

Before going further in discussing the mechanisms 
implied in this kind of texturation, it is necessary to 
summarize our data. Increasing Vmax is achieved by 
increasing Tm~x (here limited to 1170°C) and de- 
creasing tM and Cr. The quantities ds and ri decrease 
with increasing tM and Cr; however, when tM is tOO 
long, the sample gets heterogeneous. In the limit of 
5°C/h,  Cr is sufficiently slow to ensure a good peri- 
tectic recrystallization (6<ds (%) <30) .  The 211 
mean particle size is remarkably insensitive to the 
thermal history ( Tmax, tM, Cr). Indeed we did not ob- 
served a mean 211 particle size smaller than 5 ~tm or 
larger than 7 ~tm (see Tables 1 and 2); this is there- 
fore probably inherent to the MTG method. Ob- 
viously other parameters characteristic of  the ther- 
mal cycle should have important implications on the 
development of  the texture such as Ca, T~ and T2. 

We will now draw attention to the mechanisms im- 
plied in the 123 texturation, emphasizing the partic- 
ular role of  the Y 2 0  3 substrate. We then discuss the 
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models proposed in the literature by comparing with 
our results. 

4. I. 211 particle size 

The mean 211 particle size is remarkably indepen- 
dent of the time tM spent in the high-temperature step 
where the 211 grains are in contact with the liquid. 
Izumi et al. have made a similar finding [ 21 ]. Dur- 
ing the solidification step, according to the theory of 
Uhlmann-Chalmers-Jackson [26 ], only particles 
larger than a critical radius can be trapped by the liq- 
uid/solid interface. Izumi et al. have shown that this 
theory applies to the peritectic recrystallization of 123; 
it is, however, difficult to give the critical radius pre- 
cisely as no precise size-distribution measurement of 
211 has been made up to now. However, the mean 
211 particles size is in the range of 6 ~tm. The con- 
stancy of the 211 particles size in our samples proves 
that they should reach their final dimension very rap- 
idly in the molten step. Coarsening by Ostwald rip- 
ening (O~t 1/3) which saturates rapidly with time is a 
possible mechanism. Izumi et al. came to the same 
conclusion; they also demonstrated [ 53 ] that very 
small 211 grains are obtained in QMG or MPMG 
methods due to the presence of platinum in the melt. 
The exact role of  platinum is, however, still under 
discussion as it could also act as a nucleation modi- 
fier [ 54 ]. 

Together with the coarsening of the 211 particles, 
there is an opposite tendency for increasing Tdue to 
the phase diagram constitution. Upon increasing T 
above the peritectic temperature, the liquid is en- 
riched in Y by an increasing dissolution of 211. Thus, 
there is a compromise between coarsening and dis- 
solution of 211 particles leading rapidly to a pseudo- 
saturated radius as stated by Izumi et al. [21 ]. 

It should be recalled that as 211 particles are trap- 
ped in the crystallizing 123, the liquid is progres- 
sively enriched in copper (eventually up to the eutec- 
tic composition). Effectively, one finds in the 
solidified texture larger copper-rich inclusions either 
trapped in the texture or localized at the grain bound- 
aries. Such areas are most of the time associated with 
interruption of the long-range order of  the texture. 
This is certainly one of the limitations to reach large 
domain sizes. This underlines how important it is to 
activate Y supply to the liquid or to reduce 211 coar- 

sening (by platinum refining) in order to decrease 
the residual 211 content (ds, ri) and particle size (lm), 
a necessary path for long-range texturing. 

4.2. On the Y dissolution in the peritectic liquid 

It is now admitted that 211+L--,123 peritectic 
crystallization is of  the peritectic-reaction type as de- 
scribed in the introduction. This presupposes the sys- 
tem can reach a three-phase point where both pri- 
mary solid (211 ) and 123 exist simultaneously with 
an undercooled Y enriched liquid according to ml .  
Many proofs of 211 dissolution in the liquid at or be- 
low the peritectic temperature can be found in the 
literature. By studying the effect of RE2BaCuO5 ad- 
ditions (RE=Sm,  Y, Er) on 123 texturation, Balkin 
et al. [ 55 ] clearly show evidence of RE dissolution in 
the liquid. Rodriguez et al. [ 56 ] also established this 
phenomenon by in-situ observation of the high-tem- 
perature melting and solidification of 123 (high-tem- 
perature XRD, ESEM ...). According to their study, 
211 grains act as an yttrium source and not as heter- 
ogeneous nucleation sites for the growth of 123. This 
implies that the secondary phase, i.e. 123, is grown 
by Y transport through the liquid. This is in agree- 
ment with recent experiments on laser zone melting 
proving the presence of a transformation zone, free 
of 211 according to electron microprobe analysis 
[ 57,58 ]. This zone is located close to the liquid/solid 
interface. In addition, one of us (Odier) has found 
that 123 crystals can be grown from Y203 or  
Y2BaCuO5 crucibles and BaO-CuO flux, initially free 
of  Y [59]. In the first case, the crucible is rapidly 
covered with 211 which is textured and probably acts 
as nucleation sites for 123 [60]. The appearance of 
123 in the solidified flux is a direct proof that 211 has 
been dissolved by the BaO-CuO melt. Moreover 
TEM observations on 123/211 interfaces in textured 
samples go in the same direction [49,34 ]. These re- 
suits prove that Y dissolution occurs in the Y203 - 
BaO-CuO liquid, but no quantitative data are known 
on the dissolution rate. 

The 123 formation from the liquid is limited by 
several factors: the Y supply rate to the liquid, and 
overall chemical composition shifts due to losses of  
liquid by wetting or reaction with the substrate. 
Transport in the liquid is much faster than in the solid; 
Y solid-state diffusion in 211 should be therefore one 
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of the limiting steps of the process [61 ]. Losses of 
liquid are another obvious limiting factor. MgO sin- 
gle crystalline substrates are not wetted with the liq- 
uid, therefore not subject to such a problem. How- 
ever, texturing with our procedure conducted on this 
substrate was inefficient in producing 123 textures 
totally free of 211, ds remained in the range of ~ 5% 
with a mean 211 particle size ~ 5 ~tm [62]. We think 
this is a proof that one of the actual limitations is ef- 
fectively Y solid-state diffusion in the 211 particles. 
An overall compositional shift is linked with the time 
spent at a high temperature. Decreasing T1 is an effi- 
cient way to limit the interaction. Effectively we no- 
ticed a systematic tendency to form larger single do- 
mains upon decreasing T1 below I050 °C. 
Surprisingly, one of the largest single domain ob- 
tained ( ~ 100 mm 3) was formed in an experiment 
where the crystallization step was initiated at 1005°C, 
that is 10°C below the peritectic temperature. Cer- 
tainly undercooling of the liquid plays an important 
role which is under investigation now. 

4.3. Oriented 211 particles; consequences 

The EPR study of textured domains demonstrates 
that there is a preferential orientation for a signifi- 
cant portion of the 211 inclusions in the 123 matrix. 
One can suppose this allows one to minimize the in- 
terfacial energy between 123 and 211 and thus to se- 
lect the most appropriate orientation for the particle 
that is free to rotate in the liquid before being trapped 
in the solidification front. The result is a preferred 
occurrence of b211 to lie in the (ab) 123 planes. This is 
also consistent with TEM observations of  211 inclu- 
sions [ 50,49 ]. As a result it was realized that in sev- 
eral cases, 211 interfaces have a particular orienta- 
tion relationship with the 123 matrix and therefore 
can be potentially active as nucleating sites. This 
implicity recognizes some anisotropy in the nuclea- 
tion on 211 particles. In certain conditions, however, 
nucleation on the 211 sites may be enhanced with re- 
spect to normal conditions such as to compete with 
the progression of the texture initiated at the Y203 
substrate interface where 211 seeds have been formed. 
This interference is suspected to have influence, in 
the absence of a thermal gradient, only for large cool- 
ing rates, i.e. above 2°C/h,  when a high supersatur- 
ation and an increased nucleating rate at the 211 sites 

is expected. The long-range order characteristics of 
the texture cannot longer exist in these conditions. 
Indeed above 2°C/h,  no large texture may be 
achieved while at 2°C/h  the growth is possible but 
with many defects. This scenario gives some weight 
to heterogeneous nucleation phenomena on 211 par- 
ticles. It is consistent with the growth model de- 
scribed by Alexander et al. [33,63] leading to the 
conclusion that 211 particles may act as nucleation 
centers when the growth front abuts a 211 particle. 
This nucleation may enable the 123 to growth along 
the c direction and the 211 particles to be bypassed 
further by the lateral growth. This may result in a gap 
on the other side of the 211 particle more or less filled 
with rejected liquid [ 63 ]. Our own TEM studies agree 
with these observations [ 34 ]. 

4.4. Crystallization front  

As stated by Alexander et al. and confirmed by us 
[ 34 ] and others, the growth front is not continuous 
in the sample; it is more likely to be cellular or den- 
dritic. As a matter of fact, localized heterogeneous 
areas are often noticed (see section 3.1.1. ) as well as 
growth-induced defects separating 123 stacking 
platelets (this is developed in a forthcoming paper). 
The main reason is the restricted 211 dissolution 
during the peritectic reaction as stated before. 

The actual process on the Y203 substrate is made 
under a residual thermal gradient which is very small 
( <  1 °C/cm) .  The crystallization probably starts at 
the 211 layer created by interaction of the liquid with 
Y203. Apparently the orientation follows that of the 
211 layer and we expect the solidification front to 
move from the 211 interphase towards the periphery 
of the cylinder. Effectively the most heterogeneous 
zones are always found at one extremity or at the pe- 
riphery of the cylinder whereas the sample heart is 
generally uniformly textured. 

5. Conclusion 

Large 123 textured domains of  good quality ac- 
cording to X-ray pole figures have been obtained us- 
ing a Y203 substrate and without a thermal gradient. 
We have been able to texture centimetric domains. 
These samples present good superconducting prop- 
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erties: J¢= 1.3 × 104 A cm -2 at 77 K for 1 T has been 

measured  on the largest one. Slow cooling rates Cr are 
necessary to achieve large textured domains;  typi-  
cally Cr should be below 5 ° C / h  for textura t ion to 
start. The largest domains  are ob ta ined  for Cr smaller  
than 2 ° C / h  and when the max imal  t empera ture  
reached, i.e. Tm~x, is high but  smaller  < 1 170°C to 

avoid  excessive l iquid removing.  
The substrate reacts with the peri tect ic  l iquid m 1 

above 1050°C which causes the format ion  o f  a 21 1 
layer. This layer is an essential ingredient  o f  the tex- 
tura t ion on an Y20 3 substrate  without  any appl ied  
thermal  gradient .  The observat ion  that  this layer is 
probably  textured just if ies  to consider  it  as a seed for 
the 123 growth. Interest ingly the texturing effect in 
these condi t ions  has an efficiency comparable  to that  
o f  a magnet ic  field or  thermal  gradient.  

We conf i rm that  the peri tect ic  recrystal l izat ion of  
123 does not  proceed according to the classical peri-  
tectic t ransformat ion.  Ins tead many  arguments  con- 
cur to prove the dissolut ion o f  Y in the l iquid and the 
direct  crystal l izat ion of  123 from it. Undercool ing  
should play an impor tan t  role that  has still to be 
quantif ied.  

The 211 remaining  part ic le  size seems to be dic- 
ta ted by  their  growth occurr ing in the l iquid and their  
subsequent  t rapping in the solid which is control led 
by the law der ived  by U h l m a n - C h a l m e r s  and 
Jackson. 

An EPR study shows a preferential ,  not  random,  
211 or ienta t ion  with respect to the 123 matrix.  This 
probably  allows one to min imize  their  interfacial  en- 
ergy. This  very pecul iar  p roper ty  should be consid-  
ered with respect to p inning phenomena  in the tex- 
tured  materials .  On the other  hand  it should have 
impor tan t  consequences on the nucleat ion o f  the 123 
phase. It opens the poss ibi l i ty  that  a secondary het- 
erogeneous nucleat ion exists on well or iented 211 
part icles compet ing  with the progression o f  the crys- 
ta l l izat ion front. 

The crystal l izat ion o f  123 is cellular and  the pre- 
cise unders tanding  o f  the crystal l izat ion process is es- 
sential  to explain the complex defective structure of  
the textured 123. Charac ter iza t ion  o f  the microstruc-  
tures of  these samples will be publ ished in a next pa-  
per. One o f  the ma in  difficult ies for long-range tex- 
turing on an Y203 substrate is to avoid  chemical  shifts 

o f  the l iquid due to chemical  react ion with the sub- 
strate which a problem which is now being studied. 
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