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AC susceptibility in Grained Hg-1223 superconductor
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Abstract: High-T. ceramics are composed by two regions, grains and intergrains and the charac-
teristics are determined by the combination of their properties. The main cause of the degradation
of superconducting characteristics originates in the weak superconducting intergrain among the
grains. A quantitative analysis of the contribution due to the grain and link should be made and
the grained Bean model is proposed, where the superconducting phases are immersed in the matrix
link superconductor. This model gives a variety of complex AC susceptibility curves. Double peaks
appearing in the imaginary part x” of the AC susceptibility and the shoulder transition in the real
part x’ are well traced by this model. Comparison of observed curves in Hg-1223 superconductors
allows more clear insight on the grain and intergrain characteristics.
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Fig. 1: Texture of grains and interconnecting links.
By, is the pinning penetration field of grain with the
diameter of 2d;. The distance between grains is 2d, .
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Fig. 2: Field distribution B,; outside the grain and
distribution B; inside the grain. Pinning penetration
fields are By, and By for matrix and grain, respec-
tively.
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Fig. 3: Computed AC susceptibilities as a function of
AC field B, normalized by Bp¢(0). With increasing
Bpy, low field peak gradually shifts to high tempera-
ture and unites to single peak.
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Fig. 4: AC susceptibilities x’ and x” as a function
of temperature T reduced by the grain critical tem-
perature Tc,. Parameters are the same in Fig. 3 and
Ba/Bpg(0) = 0.02 and grain content of f; = 0.5.
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Fig. 5: AC susceptibilities x’ and x” as a function of
temperature T" reduced by the grain critical temper-
ature Tcg. Parameters are the same in Fig. 4 except
grain content of f, = 0.3.
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Fig. 6: AC susceptibilities ¥’ and x” as a function of
temperature 7" reduced by the grain critical temper-
ature T,,. Parameters are the same in Fig. 4 and B,
/ Bpe(0) = 0.02 at a grain content of f = 0.5. New
peak appears with higher Bp,(0).
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Fig. 7: (a) Temperature dependence of x’ and x” at
fields of 0.1 ~ 1.0 T as a function of temperature T'
reduced by the T, at each dc field for Re-15c sam-
ple. (b)Numerically computed AC susceptibilities as
a function of T'/T.(Bqc)-

Table 1: Fitting parameters for Re added Hg-1223
sample in the grained Bean model.

Bac(T) Bpg(0) Bpe(0) fe Ng
0.1 0.0058 0.0291 0.76 2
0.2 0.0045 0.0187 0.65 2
0.3 0.0045 0.0187 0.58 2
0.4 0.0045 0.02 055 2
0.5 0.0037 022 055 2
0.6 0.0042 0.24 0.53 2
0.8 0.0041 0.23 053 2
1.0 0.0037 0.225 0.53 2

2 0.005 0.023 04 3
3 0.003 0.017 04 3
6 0.005 0.008 05 35
8 0.004 0.006 05 3.5
10 0.003 0.002 0.6 3
12 0.0025 0.0015 0.6 3
14 0.0025 0.0012 0.6 3
B,=05mT ,ng =6, Tce/Teg =1
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Fig. 8: (a) Temperature dependence of x’ and x” at
fields of 2 ~ 14 T as a function of temperature T
reduced by the T at each dc field for Re-15c sample.
(b) Numerically computed AC susceptibilities as a
function of T'/T.(Bgc).-
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Fig. 9: (a)Temperature dependence of x’ and x" at
fields of 0.1 ~ 1.0 T as a function of temperature T
reduced by the 7. at each dc field for Re-15ab sam-
ple.(b)Numerically computed AC susceptibilities as a
function of T/T¢(Baqc).

Table 2: Fitting parameters for Re added Hg-1223
sample in the grained Bean model.

Bdc(T) Bpg(O) Bpl(o) fg

0.1 0.02 0.0065 0.45
0.2 0.02 0.006 0.33
0.3 0.02 0.006 0.3

0.4 0.02 0.0055 0.25
0.5 0.02 0.0053 0.2
0.6 0.02 0.0052 0.18
0.8 0.02 0.0062 0.16
1.0 0.02 0.0047 0.15

B,=05mT ,ng=3,ng=2,Tcg/Tg =1
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Fig. 10: Pinning penetration field Byg(0) and Bpe(0)
as a function of dc magnetic field Byc in Re added
Hg-1223 superconductors.
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Table 3: Fitting parameters for Re added Hg-1223
sample in the grained Bean model.

BdC(T) Bpg(o) Bpl(o) fg Ng

0.1 0.015 0.7 045 1.5

0.2 0.003 035 038 1

0.3 0.006 028 035 1.5

0.4 0.0045 0.2 033 1.5

0.6 0.007 0.15 0.3 2

0.8 0.005 0.11 0.3 2
2
1

1.0 0.004 0.11 0.3
B, =05mT ,ng =8, Tep/Teg =
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Fig. 11: (a)Temperature dependence of x’ and x” at

fields of 0.1 ~ 1.0 T as a function of temperature T

reduced by the 7. at each dc field for Re-18c sam-

ple.(b)Numerically computed AC susceptibilities as a
function of T'/T.(Bqc)-
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Fig. 12: Pinning penetration field Bpg(0) and By¢(0)
as a function of dc magnetic field Bgc in Re added
Hg-1223 superconductors.
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Fig. 13: (a)Temperature dependence of x’ and x” at
fields of 0.2 ~ 1.0 T as a function of temperature
T reduced by the T, at each dc field for Ag-01 sam-
ple.(b)Numerically computed AC susceptibilities as a
function of T'/T¢(Bac)-
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Table 4: Fitting parameters for Ag added Hg-1223
sample in the grained Bean model.

Bae(T)  Bpg(0) Bpe(0) f¢
0.2 0.03  0.005 0.9
0.4 002  0.005 0.9
0.6 0014 0005 0.9
0.8 0011 0.005 0.9
1.0 0008 0.005 0.9
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Fig. 14: (a)Temperature dependence of x’ and x” at
fields of 0.2 ~ 1.0 T as a function of temperature
T reduced by the T at each dc field for Ag-03 sam-
ple. (b)Numerically computed AC susceptibilities as
a function of T/T¢(Bac)-
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Fig. 15: Pinning penetration field Bp¢(0) and Bp,(0)
as a function of dc magnetic field By, in Ag added
Hg-1223 superconductors.

Table 5: Fitting parameters for Ag added Hg-1223
sample in the grained Bean model.

Bac (T) Bpg (0) Bpl (0) f g
0.2 0.03 0.005 0.9
0.4 0.025 0.006 0.83
0.6 0.015 0.006 0.8
0.8 0.012 0.0055 0.8
1.0 0.009 0.0065 0.8

B.=05mT ,ng=6,ng=4,Tc/Tg =1
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Fig. 16: Ratio of the pinning penetration field as a
function of dc magnetic field Byc.

5. F&H

Hg RBMEERIZ Re® Ag 2N L, BImEHHER
BHEZREL, LAy E—=VEFAZHANWT, Y
I T VvA o DOBRERERSBEL CTRME L 72,
FORRIIRDOEBY TH D,

£ ALy - B—ETATIE

1) ZvA v« E=EFMC I DRMHBEERIL, £
KRiaFrE 2 H T 5

(2) Zv A &Y 7 OFLEERR Bpg & By 134
ThE— 7 BEOMNBERBRZRD D,

(8) Z7vA VMR f ITL-T, LA ERIY >~
7 FEIMOFHED RS D

Wiz, Hg-1223 BB OERIFER L £ OBRFHI LY

(4) Re B3R OB FULZRET D,

(5) Re mIMIZ/ Ny 7 7 @R E&RILL. CuO, EOKEE
LT BT ENBEINTVD, TORER, cHl
BLmE R ORENRFR E L TWD

(6) Re-18¢c 13X Bpe/Bpg ~10% LHEBREL Y 78
D J WRETRT D, ‘

(7) Ag DECEETIN, BRE/REEZR ESED,
B, U7 EROBA, U7 BEOWEICO
A B,

(8) BRI Ag MINIIBREAHRLAMSE, Ak
BERHT B,

SEXH

1) C.P. Bean, "Magnetization of Hard Supercon-
ductors”, Phys. Rev. Lett. 8 (1962) 250.

2) AR, BHEE S, FAREE, HAER, Liders
and H.R. Khan, ” Ag #00 Hg-1223 #B=E Kk DK
R RAEHE” UNEERE T RS T 2RSS,
%5 43 & (2006) 77.

3) MEA N, B, FIAREE, RAERE, "BE
EREFHE OBMEMNT, TUNEEE RS T FIMAER
%, % 43 5 (2006) 83.

4) Geis, FIAREHE, RAEE, "BREXKIZBT
BRERDAG & RXERER", BEE S X T LR
gk v & —His, 8 435 (2007)

5) RTHRE : "REREY = 7 L BB (EEX
F, B, 1994).

6) L. Fabrega, A. Sin, A. Calleja, J. Fontcuberta,”ac
responce of Hg-based superconductors: Surface
barrier and bulk pinning contributions”, Phys.
Rev. B 61 (2000) 9793.

7) K. Kishio, J. Shimoyama, K. Yamaura, Z. Hi-
roi, M. Takano, O. Chmaissem, J.D. Jorgensen,
? Chemical Stabilization and Flux Pinning in Hg-
Based Superconductors”, Advances in Supercon-
ductivity 8 (1995) 279.



