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Abstract

The relationship between the solubility parameter, x, in the solid solutions Nd, , .Ba,  Cu;Oqs. . /. 5 (Nd123SS) and
XRD patterns, powder surface area (SA), particle size, morphology and melting points was investigated. An efficient way to
determine the value of x and residual BaCuO, content during Nd123SS powder synthesis is presented. The method is based
on calculation of the orthorhombic splitting (OS) factor from the unit cell parameters obtained from XRD data. The final
phase in the Nd123SS system is formed through a diffusion controlled reaction between BaCuO, and Nd123SS and a kinetic
model is developed to describe the formation of the Nd123 (x = 0) superconducting powder. Finally, high values of T,
(measured by DC magnetization) were found in the powders. The highest 7, of 98.7 K was measured for the x =0 case.
This value is the highest ever reported for the Nd—Ba—-Cu-O system. The T, was found to be insensitive to the value of x,
ranging between 98.7 and 94 K for x between O and 0.25, respectively. This data is in contrast to published results on

samples synthesized at higher temperatures, where T fell to 40 K at x = 0.25.

Keywords: Superconductor; Nd,, ,Ba,_,Cu3Oq ., /5.5 Solid solution; Phase formation

1. Introduction

Recently, it has been shown that substituting Nd
for Y in the YBa,Cu,0,_; (Y123) melt textured
superconductors improves the critical current ()
under large magnetic fields [1-5]. This makes the
Nd123 material attractive and vital for high-field
applications. Rare earth elements (RE) readily substi-
tute for Y to give RE123 superconductors. Since the
ionic radii of the light RE elements (i.e. Nd, La and
Sm [6—-12]) approach that of the Ba, a solid solution
can be formed with a large degree of substitution of
the RE on the Ba site. For example, a neutron

diffraction study of Nd,,Ba, sCu;0.,,5 has re-
vealed that 0.2 neodymium ions per formula unit
occupy the Ba-site in addition to the Nd-site [13].
The ionic difference between Nd** (0.129 nm) and
Ba*? (0.161 nm) is smaller than that between the
radii of Y3 (0.102 nm) and Ba*?. Thus, unlike
Y123, the Nd123 system exhibits a solid solution of
the form Nd,, Ba, Cu;O4s,, .5 (Nd123SS).
The solubility range is reported to be 0.04 < x < 0.6
[7.14,15]). At this paper, x is called the solubility
parameter.

Some of the important observations, concerning
the Nd123SS compounds are: (i) in the fully oxy-
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genated state, an orthorhombic to tetragonal (OT)
phase transformation occurs when x is increased
from 0.15 to about 0.25 [6,8,11,12]; (i) due to the
higher valence state of Nd ions, the oxygen content
in the compound, increases with the rise of x [6];
(iii) drastic decrease of the critical temperature at
x> 0.1 was observed [10-12,14-16]. However, no
systematic work on the dynamic changes and the
absolute value of x in the NdBaCuO system during
synthesis has been published to the best of our
knowledge. In addition, the melting points and mor-
phological changes of the Nd123SS as a function of
x have not been determined. The solid state reactions
leading to the Nd123 phase have not been reported
either.

In this work, it is shown that during calcination of
powders in the NdBaCuO system, a solid solution
(Nd123SS) and BaCuO, are first formed. In the
following stage, these components react until all the
BaCuO, is consumed forming the final solid solu-
tion composition. Knowledge of the BaCuO, content
in the powder is important for monitoring the reac-
tion progress, however small peaks in X-ray diffrac-
tograms cannot indicate that its amount is negligible
[17].

The main objectives of the present work are: (i) to
investigate the effect of x on the unit cell parame-
ters, the orthorhombicity, the melting point, the sur-
face area and the morphology of Nd123SS powders;
(ii) to improve the evaluation of x in different
Nd123SS powders, using X-ray diffraction (XRD)
data; (iii) to find the relationship between x and the
amount of the secondary phase BaCuO, formed
during Nd123 synthesis; (iv) to study, for the first
time, the Nd123 phase formation using x as a
kinetic parameter under different calcination condi-
tions; and finally (v) to determine the dependence of
the critical temperature on x for the Nd123SS pow-
ders calcinated at low temperature.

2. Experimental procedure

Solid solutions of Nd,,,Ba,_ ,Cu;Oqs,, 545
powders having compositions of x = 0.0, 0.05, 0.10,
0.15, 0.20, 0.225 and 0.25 were prepared by the
oxalate coprecipitation route. The synthesis proce-

dure includes the following stages; (i) an oxalate
coprecipitation [18,19] of the metal acetates of
Neodymium, Barium and Copper with the desired
stoichiometry; (ii) precalcination of the coprecipi-
tated powders at 700°C for 3 hours in air in order to
oxidize the oxalates, giving a mix of Nd,CuO,, CuO
and BaCO,; (iii) vacuum preheating (10 Pa) of the
powders at 770°C for 20 hours in order to ease the
BaCO, decomposition; (iv) calcination under an at-
mosphere of 0.1 or 1% O, in N, at the temperature
range 780-860°C for 2-20 hours, followed by an-
nealing under pure O, at 450°C for 5 hours. Based
on the literature [20] and the small particle size
involved (0.2 < 2 wm), the annealing time is suffi-
cient to saturate the oxygen content of the Nd123SS
powders.

The XRD data were collected using a D5000
Siemens powder diffractometer employing Cu-Ka
radiation. The 2-theta (20) range (6° to 140°) was
scanned in steps of 0.02° with a counting time of 8
sec/step. The power conditions were 40 kV at 40
mA. Lattice parameters were determined using a
least squares fitting program. The surface area of the
powders was measured by N, adsorption at 77 K
(Micromeritics Flowsorb II 2300). Simultaneous
DTA and TGA were performed on the powders at a
heating rate of 5°C/min in air using the Setaram
TG-92 analyser. Scanning electron microscopy
(SEM) was carried out using a Jeol 5400 instrument.
DC magnetization measurements were performed on
a quantum Design SQUID magnetometer. In all these
measurements the sample was cooled to 10 K in zero
field; the field of 50 G was then applied and the
temperature dependence of the magnetization was
measured between 10 and 110 K.

3. Results and discussion

The X-ray powder diffraction patterns of the dif-
ferent solid solutions of Nd,, ,Ba,_ ,Cu;Oq5,, /245
with x=0, 0.05, 0.10, 0.15, 0.20 and 0.25 are
shown in Fig. 1. No secondary phases were detected
by XRD, implying that the volume of the detected
phase is at least 98%. The samples were also checked
by DTA /TGA in the range 25-1200°C and only one
peak was observed at the melting points, consistent
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with the samples being of single phase. The main
reflections, demonstrating the changes in the
Nd123SS cell parameters are: (013) and (103) at
20 =32-32.8°, (020) and (200) at 20 = 46-47.3°,
and (123) and (213) at 26 = 57.5-58.5°. The split-
tings of these reflections indicate changes in the
orthorhombicity of the Nd123SS cell. Each pair of
the above reflections is accompanied by additional
overlapping reflections (110), (006) and (116), re-
spectively. The data represented in Fig. la clearly
demonstrates the decrease in the orthorhombic split-
ting (the separation of the reflections that distinguish
between a and b) with increasing solubility parame-
ter, x. Above x=0.225 a doublet occurs due to the
difference between the a and c¢/3 parameters (for
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Fig. 1. (a) XRD patterns of Nd123SS powders for different x
values and (b) the characteristic reflections of orthorhombic Nd123
(x = 0) characteristic reflections.
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Fig. 2. Effect of x on (a) the unit cell parameters and (b) the
orthorhombic splitting (OS) factor of Nd123SS powders.

example, between (123) and (116), and between
(200) and (006) reflections). Fig. 1b illustrates the
XRD pattern of orthorhombic Nd123 (x = 0) with
the mentioned overlapping reflections.

The effect of x on the unit cell parameters is
demonstrated in Fig. 2a. These lattice parameter
changes agree closely with previous reports [6,21,22].
Numerous studies (for example Refs. [20,23-28))
indicate that the oxygen in-diffusion is anisotropic
and is much faster in the ab plane than in the ¢
direction. Hence, changes in the ¢ direction are not
expected to be as drastic as in the ab directions. The
data in Fig. 2a show that ¢ decreases slowly and
linearly, while @ and b change more drastically.
There are discrepancies concerning the oxygen con-
tent changes in the Nd123SS materials as a function
of x. Fomichev et. al [29] found that for
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Nd,, Ba,_ Cu;0,_,, &' increases with x. If the
formula is written as Nd,, Ba,_ Cu;Oqs,, /2.5
(where 1/2~68"=x/2+8), it can be seen from
their results that & is constant as x increases. In
other words, the apparent increase in the oxygen
content is merely due to the higher valence state of
Nd relative to Ba. In our work, the annealing time is
long enough to saturate the Nd123SS grains (diame-
ter < 2.0 wm) with oxygen, and & is therefore as-
sumed to be constant.

The changes of a and b with x (Fig. 2a) can be
separated into two stages: first a barely changes and
b decreases rapidly until x approaches 0.13, and
then a increases rapidly while b decreases slowly as
x approaches 0.225. According to the
Nd,,,Ba,_,Cu;Oq;., 5,5 cell structure [30] and
nomenclature [26], the oxygen sites O(5) and O(1)
(in directions a and b, respectively) are located in
the basal plane. In the calcination stage (840°C,
0.1% 0,), the cell structure of the solid solutions is
in all cases tetragonal. Upon cooling to the annealing
temperature, oxygen diffuses into the lattice. From
Fig. 2a it is seen that in the 0.13 < x < 0.225 range,
the O(1) site (along b) remains with the same occu-
pancy while the O(5) site (along a) absorbs less
oxygen as x decreases. In the 0 < x <0.13 range,
the O(5) site is practically empty while the O(1) site
absorbs an increasing amount of oxygen as x de-
creases. It should be noted that the overall oxygen
content in the material (6.5 + x/2 + &) decreases as
x decreases. The effect above is not of a kinetic
origin since the samples are allowed to reach equilib-
rium at 450°C in flowing oxygen. This effect is
clearly related to the higher oxidation state of the Nd
relative to the Ba. However, an exact explanation
should be based on cell structure simulation.

It is common to define the orthorhombic splitting
(OS) in the unit cell by the expression:

(-
(b+a)

1000. (1)

Eq. (1) is widely used to describe changes in the
orthorhombicity of the Y123 unit cell with oxygen
content. Here it will be used to describe the or-
thorhombicity changes in the Nd123SS cell with
changes in x. The effect of x on the OS is demon-
strated in Fig. 2b. Increasing x increases the lattice

symmetry and reduces the OS. The OS disappears at
x=0.225 with transition to a tetragonal structure.
Another good indication to the orthorhombicity of
the Nd123SS unit cell is the separation (in degrees)
of the previously mentioned reflections. The most
sensitive reflections are the (020) and (200). The
changing pattern of the (006), (020) and (200) reflec-
tions at various x values is represented in Fig. 3.
Along with the decrease of the splitting of the (200)
and (020) reflections with increasing x, the intensity
of the reflections changes due to the separation of
the peaks. For x> 0.05 the difference between b
and c¢/3 increases (see Fig. 2a), the reflections
separate and three different peaks appear.
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Fig. 3. Effect of x on the changing pattern of the (020) and (200)
reflections.
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The separation (A(26)) of the (020) and (200)
reflections as a function of x is shown in Fig. 4a and
4b. The separation was calculated by: (1) direct
measurement from the diffractogram (Fig. 4a), and
(2) calculation using the Bragg law after evaluating
the cell parameters by the least square program (Fig.
4b). The expression for the orthorhombic splitting
width is given by:

A(26) 200 - 020) = 2[arcsin( A /a) — arcsin(A/b)].
(2)

At small x in Fig. 4a, the fit is poor due to the
overlap between the (020) and the (006) reflections.
The fit in Fig. 4b is better since the cell parameters
can be accurately calculated. Fig. 4a and 4b provide,
for the first time, a quick way to predict the value of
x in the Nd123 system during its preparation.

SEM micrographs of Nd123SS powders (prepared
at 840°C, 12hr, 0.1% O,) illustrate the effect of x on
the morphology of the powders. As shown in Fig. 5,
the average particle size decreases with increasing x,
from about 1-2.5 um at x = 0 down to 0.2-0.5 um
at x = 0.25. The particles at x < 0.05 are rounded
and connected indicating that the powder started to
sinter in the presence of a liquid phase. For x > 0.05,
the grains are separated and their shape is in most
cases rectangular. The quantity of the liquid phase
(containing CuO and BaCuQ,) is less than 2% vol-
ume (the diffractometer limit) since it is not ob-
served by XRD and therefore could not be identified.

The changes in the morphology of the powders
are also reflected in the surface area (SA), as shown
in Fig. 6. The SA of the different powders decreases
as x decreases leading to a nearly ten-fold difference
in the SA between x= 0 and x = 0.25. The data of
this figure implies an exponential effect of x on the
surface area. The effect of the calcination time on the
surface area of the solid solutions is also illustrated
in Fig. 6. In all cases the powders were single phased
as demonstrated by XRD. It can be seen that the SA
after 32 hours of calcination is only slightly lower
than the 12 hour analog. As will be shown shortly,
the Nd123 powder forms via a solid state reaction
between BaCuO, and Nd123SS. As x decreases the
particle growth is accelerated and the surface area is
decreased. Once the reaction is completed (i.e. x=
0), the effect of extra calcination time on the surface
area is relatively small. Hence we postulate that the

described solid state reaction at large x is diffusion
limited. In addition, the excess Nd acts like a grain
growth inhibitor and, thus at x> 0.05 the surface
area is much higher than at lower x values.
Thermal analysis was carried out for the Nd123SS
coprecipitated oxalate powders under air. Before the
melting point, the powders were quenched and found
to be single phased by XRD analysis. It has been
found that the onset of melting (solidus points) de-
pends on x. As demonstrated in Fig. 7, the melting
points decrease monotonically from 1093°C at x=0
to 1076°C at x=0.25. The above characterization
methods are convenient ways to evaluate x during
Nd123SS powders preparation. However, the recom-
mended way to evaluate x is to use the OS factor
which is sensitive to the value of x and is easy to
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Fig. 5. SEM micrographs of Nd123SS powders at different values of x.

calculate once the cell parameters are found from
XRD data.

The critical temperature of our samples does not
depend on x in such a drastic way as in the previous
works on the samples calcined at higher tempera-
tures (Table 1). As seen in Fig. 8a the magnetic
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Fig. 6. Effect of x on the surface area of Nd123SS powders at
different calcination times.

moments decrease monotonically with temperature
for all x-values. In general the M(T) curves show
clearly a single superconducting phase and a well
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Table 1
Comparison of T, of Nd,, Ba,_,Cu;045., 2.5 powders ob-
tained here and elsewhere, in the 0 < x < 0.25 range

X Our Kramer et Takita et Murakami et
results al. 2[15] al. 216} al. [1]

0 98.7 88 90 96.2

0.05 98.6 87

0.1 98.3 80 80

0.15 94 60

0.2 96.1 43 50

0.25 97.4 40

* The values of T, were taken from figures.

pronounced transition temperature for all x (Fig.
8b). The absolute value of the magnetic moment
decrease substantially with increasing x (see Fig.
8a). This can be associated with either decrease in
Meisner fraction or with the observed decrease of the
particle sizes with x. We believe that these remark-
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able results are due to the low temperature synthesis,
where secondary phases due to peritectic reactions
are avoided. The earlier work [15,16] (see Table 1)
were carried at higher temperatures where such reac-
tions are present.

The second part of this paper is aimed at using x
as a kinetic parameter in the formation of
NdBa,Cu;0q 5, s (Nd123) superconducting powder.
For this purpose, calcination was performed in tem-
perature range 780-840°C under an atmosphere of
99% N, and 1% O, for 2-32 hours. The initial SA
and particle size were 5-6 m?/gr and 0.1-0.2 um,
respectively. These parameters were kept constant in
all the starting powders. As stated earlier, the synthe-
sis of the Nd123 powder undergoes a solid state
reaction described in general by:

1
BaCuO, + I_:Ndl +xBay_ CusOq50, a5

1+x
— NdBa,Cu;0q 5. 5- (3)

The experimental indication for the occurrence of
this reaction is given by the diffractograms presented
in Fig. 9. In the state of uncompleted reaction (780°C,
6 hr), we observed a significant amount of BaCuO,
along with weak orthorhombic splittings of the char-
acteristic reflections (for instance (200) and (020)),
indicating the existence of a solid solution. No other
phases were detected. As the calcination temperature
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is elevated, the orthorhombic splitting increases along
with a decrease of the BaCuO, content and x. The
decrease of x results also in changing the solid
solution composition and its weight fraction accord-
ing to reaction (3). As x decreases the atomic ratios
Cu/Nd [3/(1 +x)] and Ba/Nd [(2—x)/(1 + x)]
increase up to the stoichiometric values of 3/1 and
2/1, respectively. Thus, the weight fraction of
Ndi23SS increases as the reaction proceeds. Since
the Cu sites are assumed fully occupied infer that
during the reaction some Nd ions (from Ba sites)
diffuse out and some of the Ba ions penetrate into
the Nd123SS cells, thus decreasing the value of x,
the remaining ions build additional cells with lower
x values and therefore the grains size increase (Fig.
5).

The knowledge of the exact value of x gives an
important information about the progress of the reac-
tion and the changing amount of BaCuQO, in the
powder during calcination. Fig. 10 illustrates the
simultaneous changes in x, the BaCuO, and
Nd123SS weight fractions at various calcination
temperatures (after 6 hours of caicination under an
atmosphere of 1% O, +99% N,). At 840°C the
content of BaCuO, decreases to levels undetected by
XRD analysis.

Theoretical calculations of the weight fraction of
BaCuO, as a function of x for various solid solution
stoichiometries are presented in Fig. 11. The solid
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Fig. 10. Effect of calcination temperature on the weight fractions
of Nd123SS and BaCuO, and on the value of x during prepara-
tion of Ndi23 (x = 0) powder.
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solution reactions described by the curves in Fig. 11
for x=0.05, 0.10, 0.15, 0.20 are based on the
following set of equations:

3x—0.15

1 +x

1.05
+ mNdl +xB2; Cu3Oq5, 245

BaCuO,

= Nd, osBa, 95Cu;304 5351 5, (4)
3x—0.3
I +x

1.1
+ mNdl+xBaz_xCU306.5+.\-/2+8

BaCuO,

- Nd, ;Ba, Cu;04 55, 5, (5)
3x—0.45

1 +x

1.15
+ 1—+de]+xBa2—xcu306.5+_\'/2+5

BaCuO,

— Nd, ;5Ba, §5Cu30¢ 5751 5> (6)
3x—0.6
1+x

1.2
+ l—+;Nd|+1-Baz—xcu3os.5+.r/2+a

— Nd, ,Ba, 3Cu;04. 5. (7)

BaCuO,
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Fig. 12. (a) Effect of Nd123 powder calcination time on x during
the calcination of Nd123 powder and (b) a linear fit of Eq. (11) at
different temperatures.

For any solid solution stoichiometry, x can be evalu-
ated from XRD data. Using x and the target stoi-
chiometry, Fig. 11 enables an exact evaluation of
BaCuO, weight fraction left in the system indepen-
dent of the calcination conditions. Fig. 12a shows the
effect of calcination time, 7, on x at different calci-
nation temperatures. The value of x decreases as the
reaction proceeds and as expected, at higher tempera-
tures it decreases faster. The solid lines are cubic
spline fits to the experimental data.

We suggest a kinetic model for the description of
Ndi23 formation based on the assumption that the

rate of the change of x, (dx/d?), is proportional to
the molar fractions of BaCuO, and Nd123SS. Based
on Eq. (3) we define a and 8 as: a=3x/(1 +x)
and B = 1/(1 + x). Using these designations we can
present reaction (3) as:

aBaCuO, + BNd123SS — Nd123. (8)

Additional assumptions concerning the solid state
reaction described here are: (i) the reaction takes
place in a polycrystalline homogeneous powder and
the diffusion length of all ions is similar; (ii) the
reaction is diffusion limited and the decreasing con-
tact area between the particles may be represented by
the coefficients o and S.

As the Nd123SS and BaCuO, react, « decreases
and B increases. Based on the assumptions above,
the reaction rate is expected to be of the following
form:

da Ox
o - KDeb=gg
B 1 B dx
o~ F3K(Map=———, (9)

where K is the reaction rate coefficient and depends
on the calcination temperature only. From the defini-
tions of a and b, it is clear that the disappearance
rate of BaCuO, is three times larger than the forma-

2.41

S S |

0.91 0.92 0.93 0.94 0.95

(1/T)*1000

Fig. 13. Variation of the reaction rate constant, K, with calcina-
tion temperature.
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Fig. 14. Effect of calcination temperature on x at (a) 6 hours and
(b) 12 hours: comparison of calculated and experimental results.

tion rate of Nd123SS. Differentiation of « and 8 by
x and substitution into Eq. (9) yields:

dax

— = —Kx. 10
Py x (10)
The initial condition is: x = x, at = 0 was obtained
experimentally. Integration of Eq. (10) yields:

x=x,exp(—Kr) or —Ilnx=—Inx,+Kz,

(11)

which is plotted in Fig. 12b (solid lines) at different
temperatures. All lines have a common intercept at
x, =0.225 £ 0.007, which is very close to the or-
thorhombic—tetragonal phase transformation point.
This is the minimal value of x after the vacuum

stage, showing that the initial solid solution is fa-
vored in the tetragonal form. The value of x was
also determined experimentally as shown in Fig. 12b
to assure the consistency of Fig. 12b and investigate
it in a wide range of orthorhombicity. The slope of
the lines in Fig. 12b represents the reaction rate
constant, K. The diffusion coefficient of the reaction
is given by: D = D, exp(—E,/RT). The temperature
dependence of K also follows the Arrhenius equa-
tion, K=Kyexpl—E,/RT] as expected from its
major dependence on diffusion coefficient (K ~ D).
E, is the effective activation energy for the diffusion
limited reaction (8) and K, is the pre-exponential
constant which is assumed to be weakly dependent
on the temperature. A linear regression between In X
and 1/T proving that the reaction rate constant
follows the Arrhenius equation is shown in Fig. 13.
The slope and the intercept of the regression are
E, =542 Kcal/mol (235 eV), and K,=1.13X
10’ hr™', respectively. The effective activation en-
ergy for the occurrence of reaction (8) in the way
suggested, is of the same order of magnitude as
activation energies obtained for oxygen in-diffusion
for YBCO [20,23-28]. Since K increases with the
temperature, the reaction is expected to be endother-
mic. Fig. 14 demonstrates the effect of the calcina-
tion temperature on the value of x after 6 and 12
hours of calcination. Combining the Arrhenius equa-
tion of the rate constant with Eq. (11), the tempera-
ture dependence of x is given by:

x = xyexp[ — K, exp( —E,/RT)1]. (12)

Substituting numerical values of x,, E,, K, and ¢ (6
or 12 hours) we get an expression which depends
only on the calcination temperature. Fig. 14 also
illustrates the comparison between the experimental
and the model derived values of x after 6 and 12
hours. As can be seen there is a significant deviation
between the experimental and the modeled values of
x above 820°C. We attribute the deviation to the
formation of liquid phase whose evidence is seen in
Fig. 5 as discussed earher. The occurrence of a
liquid phase at high temperatures (> 820°C), allows
the reaction to occur faster and reduces the value of
x quicker than the model suggests. The agreement
between the model and the experimental data is
improved at longer calcination times.
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4. Conclusions

The formation and properties of the solid solu-
tions Nd,, ,Ba,  ,Cu3O45, /5,5 (Nd123SS) in the
wide compositional range of 0 < x < 0.25 has been
investigated. Various ways to identify the BaCuO,
content and the value of x in the solid solution
system were evaluated. The methods include: (i)
evaluating the unit cell parameters; (ii) calculating
the orthorhombic splitting (OS) factor; (iii) calibrat-
ing the distance between the (020) and (200) reflec-
tions; (iv) evaluating the melting point temperature.
The method based on calculation of the OS factor
from XRD data is most accurate, yet method (iii) is
the fastest. A general scheme to determine the value
of x from XRD data was developed by knowing the
target stoichiometry and the unit cell parameters.

It has been found that the formation of Nd123
(x =0) superconducting powder goes through the
reaction between BaCuO, and the Nd123SS. A ki-
netic model, using x as the kinetic parameter, was
developed to describe the reaction as a function of
calcination time and temperature. The model fits the
data well below 820°C. However, above this temper-
ature for x < 0.05, a liquid phase is present acceler-
ating diffusion, thus increasing the rate of the reac-
tion and decreasing the value of x faster than the
model predicts. The effective activation energy of
the solid state reaction was found to be 54.2
Kcal /mol (2.35 eV). This effective activation energy
1s of the same order of magnitude as that of the
oxygen diffusion in the Y123 superconducting sys-
tem. The correlation between the SA, particle size,
morphology and x is consistent with the diffusion
limited solid state reaction of BaCuQ, and Nd123SS.
Finally, high values of T, (measured by DC magneti-
zation) were found in the powders. The highest T, of
98.7 K was obtained for the x = 0 case. This value is
the highest ever reported in the Nd-Ba—-Cu-0O sys-
tem. The T, was found to be insensitive to the value
of x, ranging between 98.7 and 94 K for x between
0 and 0.25, respectively.
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