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Abstract
In a recent paper, Zhang et al. [1] studied the effect of a Pb content on the superconducting properties of Bi-2223. Some 
earlier, Ramírez et al. [2] explored the effect of compaction pressure on the Bi-2212. In both studies, the critical current 
densities were estimated and compared for a series of polycrystalline superconducting samples. The synthesis conditions for 
the highest critical current density were claimed in both works. This comment explains that the average granule size should 
be used instead of the sample size in the Bean formula for the polycrystalline superconductors synthesized by solid-state, 
sol–gel, electrospinning, and solution blow spinning methods. The corrected estimations for the commented articles con-
clude that the synthesis conditions affect both the granule size and the intragranular critical current density. The synthesis 
parameters for the highest critical current density conditions are clarified.
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Tuning the synthesis conditions is a popular method to 
modify the properties of superconductors and to improve 
their critical current. Such studies require the preparation 
and comparison of a series of superconducting samples 
with a gradual variation of parameters [3]. Recent articles 
[1, 2] in the Journal of Superconductivity and Novel Mag-
netism are also devoted to this theme. Bi-2212 samples, 
synthesized with applying different compact pressures, 
were investigated in [2]. Bi-2223 samples, having differ-
ent contents of Pb, were prepared and compared in [1]. 
Optimal synthesis conditions were found in these works to 
attain the highest critical current density jc. The values of 
jc were estimated from magnetization hysteresis loops of 
the samples. The proportionality between ΔM, the differ-
ence between the ascending and descending magnetization 
hysteresis branches, and jc results from the critical state 
model [4]. The highest values of the critical current density 
jc were found to occur in the Bi-2212 sample compressed at 

600 MPa (jc ≈ 7.3 × 107 A/m2 at 4 K) [2] and in the Bi-2223 
sample (Bi1-xPbxSr2Ca2Cu3O10+δ) with Pb content x = 0.4 
(jc ≈ 4.7 × 108 A/m2 at 10 K) [1]. These experimental data 
are valuable. However, the estimated jc values for different 
samples were greatly scattered [1, 2] that is suspected to be 
the result of the faulty analysis. An important aspect was 
not accounted in the commented articles: for polycrystal-
line samples, ΔM depends on a granule size rather than on 
the sample size [5–18]. The scanning electron microscopy 
images demonstrated a granular structure of the investigated 
samples [1, 2], and the special approach for polycrystalline 
superconductors should be engaged for the obtained data.

Polycrystalline superconductors are considered a two-
level system [5, 19–23]. One level corresponds to inter-
granular currents and Josephson vortices [24]. Another 
level relates to the intragranular currents and the granule 
magnetization. The two-level model is usually applicable 
for polycrystalline superconductors with jcJ <  < jcg. The 
intragranular critical current density jcg can be in 103–104 
times higher than the intergranular critical current den-
sity jcJ for superconductors prepared by the solid-state 
synthesis, the sol–gel synthesis, the electrospinning, and 
the solution blow spinning [25–27]. Moreover, supercon-
ductivity of intergranular boundaries is completely sup-
pressed by a magnetic field μ0HcJ ~ 10 mT at 4.2 K for such 
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samples [17, 28–30]. Therefore, the intergranular currents 
have a negligible contribution in high field magnetization 
hysteresis loops, and then the maximal field H >  > HcJ. 
At magnetic fields H > HcJ, the magnetization is produced 
by pinning of Abrikosov vortices and currents circulating 
in granules. The significative scale for this second level is 
the average granule size D, and the magnetization hyster-
esis loop is mainly produced by the intragranular currents 
[31–33]. The Bean formula for the intragranular critical 
current density is conventionally expressed as

Expression (1) is appropriate for irregularly shaped 
granules which are not aligned and vary in size [7, 12, 
15, 17, 34–37]. To account porosity in (1), one should 
use ΔM = Δmρ, where m is the magnetization of the mass 
unit (in A m2/kg), and ρ is the mass density of granules 
(ρ is about the theoretical density of the superconductor). 
In highly anisotropic superconductors, such as Bi-2212 
and Bi-2223, D is the size of the granules in their a-b 

(1)jcg = 3ΔM∕D

Fig. 1   Variance of estimated 
values of the granule size D and 
the intragranular critical current 
density jcg on the synthesis 
parameters for Bi-2212 [3] (a) 
and Bi-2223 [2] (b)
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planes, because circulation of the currents occurs in these 
planes [38].

Synthesis conditions affect the growth rate of granules 
[3, 35], and different granule sizes affect the magnetization 
hysteresis loop. This means that the granule sizes should 
be traced in advance to find an effect of the synthesis 
parameters on the critical current density.

Adjusted estimations of D and jcg from the data [1, 2] 
are performed and presented here (Fig. 1). A variation of 
D is determined using the method [33] from asymmetry of 
the magnetization hysteresis loops. The obtained values of 
D are confirmed by SEM images. The jcg values at 0.15 T 
are determined using formula (1). It is seen that the jcg 
values for the different samples are less scattered than in 
the works [1, 2] due to taking into account the diversity 
of D. It appears that the optimal synthesis conditions dif-
fer from those established in the commented works. The 
highest values of the intragranular critical current density 
are jcg ≈ 10 × 1010 A m−2 at 4 K for Bi-2212, prepared with 
the compaction pressure P = 750 MPa, and jcg ≈ 5 × 1010 
A m−2 at 10 K for Bi-2223 with the Pb content x = 0.45.

In summary, the main goal of the presented comment 
is to prevent a frequent mistake in analysis. This mistake 
is disregarding of variation of the granule sizes in a series 
of polycrystalline samples when one attempts to estimate 
the critical current density from the magnetization hys-
teresis loops.

Declarations 

Conflict of Interest  The authors declare no competing interests.

References

	 1.	 Zhang, Y.R., Qiu, L.P., Gao, S.L., Zheng, Q.H., Xie, G.X., Cheng, 
G.T., Xin, X., Han, W.P., Lu, C.J., Long, Y.Z.: Synthesis of 2223-
phase BSCCO based on liquid-phase method and its magnetic prop-
erties. J. Supercond. Nov. Magn. 36, 493–501 (2023). https://​doi.​
org/​10.​1007/​s10948-​023-​06496-6

	 2.	 Martínez Ramírez, I., Díaz Valdeś, E., Mejía García, C., Santoyo 
Salazar, J., Conde Gallardo, A., Guillén Cervantes, Á.: Effect of 
compaction pressure on the Jc of superconductor Bi-2212 in bulk. 
J. Supercond. Nov. Magn. 36, 25–32 (2023). https://​doi.​org/​10.​
1007/​s10948-​022-​06424-0

	 3.	 Gadzhimagomedov, S.K., Palchaev, D.K., Murlieva, Z.K., 
Rabadanov, M.K., Presnyakov, M.Y., Yastremsky, E. V., Shabanov,  
N.S., Emirov, R.M., Rabadanova, A.E.: YBCO nanostructured 
ceramics: relationship between doping level and temperature coef-
ficient of electrical resistance. J. Phys. Chem. Solids. 168, 110811 
(2022). https://​doi.​org/​10.​1016/j.​jpcs.​2022.​110811

	 4.	 Bean, C.P.: Magnetization of high-field superconductors. Rev. Mod. 
Phys. 36, 31–39 (1964). https://​doi.​org/​10.​1103/​RevMo​dPhys.​36.​31

	 5.	 Clem, J.R., Kogan, V.G.: Theory of the magnetization of granular 
superconductors: application to high-Tc superconductors. Jpn. J. 
Appl. Phys. 26, 1161–1162 (1987). https://​doi.​org/​10.​7567/​JJAPS.​
26S3.​1161

	 6.	 Shimizu, E., Ito, D.: Critical current density obtained from parti-
cle-size dependence of magnetization in YBa2Cu3O7-d powders. 
Phys. Rev. B. 39, 2921–2923 (1989). https://​doi.​org/​10.​1103/​
PhysR​evB.​39.​2921

	 7.	 Thompson, J.R., Brynestad, J., Kroeger, D.M., Kim, Y.C., Sekula, 
S.T., Christen, D.K., Specht, E.D.: Superconductivity, intergrain, 
and intragrain critical current densities of materials. Phys. Rev. 
B. 39, 6652 (1989). https://​doi.​org/​10.​1103/​PhysR​evB.​39.​6652

	 8.	 Jin, S., Sherwood, R.C., Gyorgy, E.M., Tiefel, T.H., Van Dover, 
R.B., Nakahara, S., Schneemeyer, L.F., Fastnacht, R.A., Davis, 
M.E.: Large magnetic hysteresis in a melt-textured Y-Ba-Cu-O 
superconductor. Appl. Phys. Lett. 54, 584–586 (1989). https://​
doi.​org/​10.​1063/1.​101464

	 9.	 Angadi, M.A., Caplin, A.D., Laverty, J.R., Shen, Z.X.: Non-
destructive determination of the current-carrying length scale in 
superconducting crystals and thin films. Phys. C Supercond. 177, 
479–486 (1991). https://​doi.​org/​10.​1016/​0921-​4534(91)​90505-S

	10.	 Müller, K.-H., Andrikidis, C., Liu, H.K., Dou, S.X.: Intergranular 
and intragranular critical currents in silver-sheathed Pb-Bi-Sr-Ca-
Cu-O tapes. Phys. Rev. B. 50, 10218–10224 (1994). https://​doi.​
org/​10.​1103/​PhysR​evB.​50.​10218

	11.	 Hong, P., Pang, J.H.: Magnetization of mixed-phased supercon-
ductors and the effect of grain size distribution. Appl. Super-
cond. 2, 697–708 (1994). https://​doi.​org/​10.​1016/​0964-​1807(94)​
90069-8

	12.	 Cuthbert, M.N., Dhalle, M., Thomas, J., Caplin, A.D., Dou, S.X., 
Guo, Y.C., Liu, H.K., Flukiger, R., Grasso, G., Goldacker, W., 
Kessler, J.: Transport and magnetisation measurements of Bi2223/
Ag tapes and the role of granularity on critical current limitation. 
IEEE Trans. Appiled Supercond. 5, 1391–1394 (1995). https://​
doi.​org/​10.​1109/​77.​402824

	13.	 Martínez, E., Angurel, L.A., Díez, J.C., Navarro, R.: Analy-
sis of the length scales in the induced critical currents of 
Bi2Sr2CaCu2O8 + y thick fibres. Phys. C Supercond. 289, 1–21 
(1997). https://​doi.​org/​10.​1016/​S0921-​4534(97)​01615-8

	14.	 Li, Y., Perkins, G.K., Caplin, A.D., Cao, G., Ma, Q., Wei, L., 
Zhao, Z.X.: Study of the pinning behaviour in yttrium-doped 
Eu-123 superconductors. Supercond. Sci. Technol. 13, 1029–1034 
(2000). https://​doi.​org/​10.​1088/​0953-​2048/​13/7/​321

	15.	 Gokhfeld, D.M., Balaev, D.A., Popkov, S.I., Shaykhutdinov, K.A., 
Petrov, M.I.: Magnetization loop and critical current of porous 
Bi-based HTS. Phys. C Supercond. 434, 135–137 (2006). https://​
doi.​org/​10.​1016/J.​PHYSC.​2005.​12.​088

	16.	 Gokhfeld, D.M., Balaev, D.A., Petrov, M.I., Popkov, S.I., 
Shaykhutdinov, K.A., Val’kov, V. V.: Magnetization asymmetry 
of type-II superconductors in high magnetic fields. J. Appl. Phys. 
109, 033904 (2011). https://​doi.​org/​10.​1063/1.​35440​38

	17.	 Balaev, D.A., Dubrovskii, A.A., Popkov, S.I., Gokhfeld, D.M., 
Semenov, S.V., Shaykhutdinov, K.A., Petrov, M.I.: Specific 
features in the hysteretic behavior of the magnetoresistance of 
granular high-temperature superconductors. Phys. Solid State. 54, 
2155–2164 (2012). https://​doi.​org/​10.​1134/​S1063​78341​21100​30

	18.	 Zeng, X.L., Karwoth, T., Koblischka, M.R., Hartmann, U., 
Gokhfeld, D., Chang, C., Hauet, T.: Analysis of magnetization 
loops of electrospun nonwoven superconducting fabrics. Phys. 
Rev. Mater. 1, 044802 (2017). https://​doi.​org/​10.​1103/​PhysR​
evMat​erials.​1.​044802

	19.	 Senoussi, S.: Review of the critical current densities and mag-
netic irreversibilities in high Tc superconductors. J. Phys. III(2), 
1041–1257 (1992). https://​doi.​org/​10.​1051/​jp3:​19921​02

	20.	 Ji, L., Rzchowski, M.S., Anand, N., Tinkham, M.: Magnetic-field-
dependent surface resistance and two-level critical-state model 
for granular superconductors. Phys. Rev. B. 47, 470–483 (1993). 
https://​doi.​org/​10.​1103/​PhysR​evB.​47.​470

	21.	 Noguchi, Y., Ohara, S., Huybrechts, B., Takata, M.: Effect of 
intragrain current on low-field magnetic-flux distributions of 

https://doi.org/10.1007/s10948-023-06496-6
https://doi.org/10.1007/s10948-023-06496-6
https://doi.org/10.1007/s10948-022-06424-0
https://doi.org/10.1007/s10948-022-06424-0
https://doi.org/10.1016/j.jpcs.2022.110811
https://doi.org/10.1103/RevModPhys.36.31
https://doi.org/10.7567/JJAPS.26S3.1161
https://doi.org/10.7567/JJAPS.26S3.1161
https://doi.org/10.1103/PhysRevB.39.2921
https://doi.org/10.1103/PhysRevB.39.2921
https://doi.org/10.1103/PhysRevB.39.6652
https://doi.org/10.1063/1.101464
https://doi.org/10.1063/1.101464
https://doi.org/10.1016/0921-4534(91)90505-S
https://doi.org/10.1103/PhysRevB.50.10218
https://doi.org/10.1103/PhysRevB.50.10218
https://doi.org/10.1016/0964-1807(94)90069-8
https://doi.org/10.1016/0964-1807(94)90069-8
https://doi.org/10.1109/77.402824
https://doi.org/10.1109/77.402824
https://doi.org/10.1016/S0921-4534(97)01615-8
https://doi.org/10.1088/0953-2048/13/7/321
https://doi.org/10.1016/J.PHYSC.2005.12.088
https://doi.org/10.1016/J.PHYSC.2005.12.088
https://doi.org/10.1063/1.3544038
https://doi.org/10.1134/S1063783412110030
https://doi.org/10.1103/PhysRevMaterials.1.044802
https://doi.org/10.1103/PhysRevMaterials.1.044802
https://doi.org/10.1051/jp3:1992102
https://doi.org/10.1103/PhysRevB.47.470


1092	 Journal of Superconductivity and Novel Magnetism (2023) 36:1089–1092

1 3

zero-field-cooled polycrystalline YBa2Cu3O7-δ. J. Appl. Phys. 
78, 5540–5544 (1995). https://​doi.​org/​10.​1063/1.​359673

	22.	 Mahel’, M., Pivarč, J.: Magnetic hysteresis in high-temperature 
cuprates. J. Phys. C Supercond. 308, 147–160 (1998). https://​doi.​
org/​10.​1016/​S0921-​4534(98)​00384-0

	23.	 Derevyanko, V.V., Sukhareva, T.V., Finkel’, V.A.: Effect of the 
temperature, external magnetic field, and transport current on 
electrical properties, vortex structure evolution processes, and 
phase transitions in subsystems of superconducting grains and 
“weak links” of granular two-level high-temperature superconduc-
tor YBa2Cu3O7–δ. Phys. Solid State. 60, 470–480 (2018). https://​
doi.​org/​10.​1134/​S1063​78341​80300​83

	24.	 Sonin, E.B., Tagantsev, A.K.: Electrodynamics of the Josephson 
medium in high-Tc superconductors. Phys. Lett. A. 140, 127–132 
(1989). https://​doi.​org/​10.​1016/​0375-​9601(89)​90505-7

	25.	 Wang, G., Raine, M.J., Hampshire, D.P.: How resistive must 
grain boundaries in polycrystalline superconductors be, to limit 
Jc? Supercond. Sci. Technol. 30, 104001 (2017). https://​doi.​org/​
10.​1088/​1361-​6668/​aa7f24

	26.	 Wang, G., Raine, M.J., Hampshire, D.P.: The cause of “weak-link” 
grain boundary behaviour in polycrystalline Bi2Sr2CaCu2O8 and 
Bi2Sr2Ca2Cu3O10 superconductors. Supercond. Sci. Technol. 31, 
024001 (2018). https://​doi.​org/​10.​1088/​1361-​6668/​aaa1b8

	27.	 Gokhfeld, D.M., Koblischka, M.R., Koblischka-Veneva, A.: 
Highly porous superconductors: synthesis, research, and pros-
pects. Phys. Met. Metallogr. 121, 936–948 (2020). https://​doi.​
org/​10.​1134/​S0031​918X2​01000​51

	28.	 Landau, I.L., Willems, J.B., Hulliger, J.: Detailed magnetization 
study of superconducting properties of YBa 2Cu3O7-x ceramic 
spheres. J. Phys. Condens. Matter. 20, 095222 (2008). https://​doi.​
org/​10.​1088/​0953-​8984/​20/9/​095222

	29.	 Andrzejewski, B., Guilmeau, E., Simon, C.: Modelling of the 
magnetic behaviour of random granular superconductors by the 
single junction model. Supercond. Sci. Technol. 14, 904–909 
(2001). https://​doi.​org/​10.​1088/​0953-​2048/​14/​11/​304

	30.	 Sánchez-Zacate, F.E., Conde-Gallardo, A.: The particle size effect 
on the irreversible magnetization and critical current density in 
low fields for polycrystalline SmFeAsO0.91F0.09 superconductors. 
J. Supercond. Nov. Magn. 34, 3141–3149 (2021). https://​doi.​org/​
10.​1007/​s10948-​021-​06048-w

	31.	 Zehetmayer, M.: Simulation of the current dynamics in super-
conductors: application to magnetometry measurements. Phys. 

Rev. B. 80, 104512 (2009). https://​doi.​org/​10.​1103/​PhysR​evB.​
80.​104512

	32.	 Horvat, J., Soltanian, S., Pan, A.V., Wang, X.L.: Superconducting 
screening on different length scales in high-quality bulk MgB2 
superconductor. J. Appl. Phys. 96, 4342–4351 (2004). https://​doi.​
org/​10.​1063/1.​17900​69

	33.	 Gokhfeld, D.M.: The circulation radius and critical current den-
sity in type II superconductors. Tech. Phys. Lett. 45, 1–3 (2019). 
https://​doi.​org/​10.​1134/​S1063​78501​90102​43

	34.	 Theuss, H., Kronmüller, H.: Magnetic properties of 
Y1-xGdxBa2Cu3O7-δ polycrystals. Phys. C Supercond. its Appl. 242, 
155–163 (1995). https://​doi.​org/​10.​1016/​0921-​4534(94)​02404-9

	35.	 Altin, E., Gokhfeld, D.M., Kurt, F., Yakinci, Z.D.: Physical, elec-
trical, transport and magnetic properties of Nd(Ba,Nd)2.1Cu3O7−δ 
system. J. Mater. Sci. Mater. Electron. 24, 5075–5084 (2013). 
https://​doi.​org/​10.​1007/​s10854-​013-​1526-2

	36.	 Pigalskiy, K.S., Vishnev, A.A., Efimov, N.N., Shabatin, A.V., 
Trakhtenberg, L.I.: Enhancement of pinning and the peak effect 
in Y1–xFexBa2Cu3Oy high-temperature superconductors. Curr. 
Appl. Phys. 41, 116–122 (2022). https://​doi.​org/​10.​1016/J.​CAP.​
2022.​06.​019

	37.	 Gokhfeld, D.M., Semenov, S.V., Nemtsev, I.V., Yakimov, I.S., 
Balaev, D.A.: Magnetic ion substitution and peak effect in 
YBCO: the strange case of Y1–xGdxBa2Cu3O7–δ. J. Supercond. 
Nov. Magn. 35, 2679–2687 (2022). https://​doi.​org/​10.​1007/​
s10948-​022-​06317-2

	38.	 Gokhfeld, D.M., Semenov, S.V., Petrov, M.I., Nemtsev, I.V., 
Balaev, D.A.: Anisotropy and crystallite misalignment in tex-
tured superconductors. J. Supercond. Nov. Magn. 36, 59–65 
(2023). https://​doi.​org/​10.​1007/​s10948-​022-​06454-8

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

https://doi.org/10.1063/1.359673
https://doi.org/10.1016/S0921-4534(98)00384-0
https://doi.org/10.1016/S0921-4534(98)00384-0
https://doi.org/10.1134/S1063783418030083
https://doi.org/10.1134/S1063783418030083
https://doi.org/10.1016/0375-9601(89)90505-7
https://doi.org/10.1088/1361-6668/aa7f24
https://doi.org/10.1088/1361-6668/aa7f24
https://doi.org/10.1088/1361-6668/aaa1b8
https://doi.org/10.1134/S0031918X20100051
https://doi.org/10.1134/S0031918X20100051
https://doi.org/10.1088/0953-8984/20/9/095222
https://doi.org/10.1088/0953-8984/20/9/095222
https://doi.org/10.1088/0953-2048/14/11/304
https://doi.org/10.1007/s10948-021-06048-w
https://doi.org/10.1007/s10948-021-06048-w
https://doi.org/10.1103/PhysRevB.80.104512
https://doi.org/10.1103/PhysRevB.80.104512
https://doi.org/10.1063/1.1790069
https://doi.org/10.1063/1.1790069
https://doi.org/10.1134/S1063785019010243
https://doi.org/10.1016/0921-4534(94)02404-9
https://doi.org/10.1007/s10854-013-1526-2
https://doi.org/10.1016/J.CAP.2022.06.019
https://doi.org/10.1016/J.CAP.2022.06.019
https://doi.org/10.1007/s10948-022-06317-2
https://doi.org/10.1007/s10948-022-06317-2
https://doi.org/10.1007/s10948-022-06454-8

	On Estimating the Critical Current Density in Polycrystalline Superconductors Synthesized by Solid-State Method
	Abstract
	References


