
PHYSICAL REVIEW B VOLUME 39, NUMBER 4 1 FEBRUARY 1989

Critical current density obtained from particle-size dependence
of magnetization in YBa2Cu307 —b powders
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The authors have measured the magnetization for a number of difI'erent sized YBa2Cu307 —$

powders. The magnetization is in linear proportion to the particle size over the 1-20-pm range
and saturates at above 20 pm. Critical current density in the YBa2Cu307 —& powder, obtained
from the slope of the linear proportion part based on the Bean model, is 2X10 A/cm at 4.2 K,
0.3 T, and 7X 10 A/cm at 77 K, 0.03 T. The magnetization saturation suggests that the current
Aow responsible for the magnetization is limited by grain boundaries in the YBa2Cu307 —g powder,
whose particle diameter is larger than 20 pm.

Since the discovery of the 90-K class critical tempera-
ture superconductor YBa2Cu307 —s,

' a number of groups
have reported the critical current density, J„determined
by the four-probe method for sintered bulk samples.
These J, values, at most approximately 10 A/cm at 77
K, 0 T, are lower than the J, value obtained for single
crystals with magnetization method, approximately 10
A/cm at 4.2 K, 0 T. In order to reveal the reason for the
low J, value in bulk sintered samples, the authors have
studied the size dependence of magnetization for
YBazCu307 s powders. A similar experiment for
YBa2Cu307 —~ powders, made by a solid reaction method,
was reported. However, no systematic measurements on
the size dependence for the YBa2Cu307 s system magne-
tization were reported yet.

This paper reports the magnetic properties on some

TABLE I.. Properties for YBa2Cu307 —~ powders. D, D
and D indicate average diameters for cumulative weight distri-
bution at 25%, 50%, and 75%, respectively.

YBa2Cu307 —s powders calcined in air, with average par-
ticle diameters ranging from 3-53 pm. These data pro-
vide information about the attainable maximum J, for
sintered bulk materials and the reason for the low J,.

Raw material was made using a coprecipitated method.
It was heated in air at a rate of 50 C per hour, up to
950'C, fired at 950'C for 10 h, and cooled at a rate of
50'C per hour down to room temperature. After milling
the material into powders, samples were prepared by pass-
ing these powders through a 100-mesh sieve and then
separating them into different size particles (average di-
ameters ranging from 3-53 pm) by a Donaldson
classifier. Table I shows the average diameters for 16
samples. The size distribution for each sample was deter-
mined with dry sieves and a coulter counter, which is
based on the x-ray absorption of the particles during their
sedimentation in NaC1 liquid.

Figure 1 shows the temperature dependence of magne-
tization for sample 1. Flux-exclusion data were obtained
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FIG. 1. Magnetization temperature dependence at 20 G for
sample 1. These data are obtained from a Aux exclusion pro-
cess. Superconducting onset temperature is 93 K.
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