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AgO, Au,0;, MgO F&48kE 48 7H7 50 wi%] Bl &2 ST AgO, Au,0;, MgO«] FEHE Lol T3 AlH
E5 820~850°CE 742t HE 2FAIZ) F, 2 A|HE9 st XRD, T, SEM, EDS 59 A48& sty 4ozl Al
AEY T.& <53 Bi-2223 ARt} WXM AgO BEELE 50wt% S5 AHY dAIH 2=l 9958 KE AuyO5t+
MgOE 50wt% &3 AIHERT ¥ =74 velyth =3, 58 A2 (grain)e] W€ AEle A0 FEETE 50wtk &
3 AlHo] AwO34 MgOE 50 wt% &3te AHER T ¥ XUs 5 A%S vepfid

ABSTRACT

Samples were prepared by the solid-state reaction method. The nominal composition of the samples was Bi; g4Pbg 3451 01Ca5 g3
Cu; 060045, prepared from powder of Bi, O3, PbO, SrCO;, CaCO;, and CuO. They were pulverized, mixed with AgO, Au,0; and
MgO of 50 wt%. Finally, they were sintered at 820 to 850°C in air. The structural characteristics, the microstructure of surface and
the critical temperature with respect to the each samples were analyzed by XRD, T,, SEM and EDS respectively. It was found that
the the critical temperature of the silver oxide additive samples (99.58 K) is higher than those of gold or magnesium oxides additive
samples, but all those values are lower than that of pure Bi-2223 phase. The microstructure of surface showed the tendency which
the AgO additive samples become more minuteness than Au,O; and MgO additive samples.
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Fig. 1. X-ray powder diffraction patterns of (A) Bi-2223 pure,
(B) Bi-2223+Ag0 50 wt%, (C) Bi-2223+Au,0; 50 wt%,
(D) Bi-2223+MgO 50 wt%. ( @ denotes the peaks of 2212
phase. O denotes the peaks of 2201 phase).
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Fig. 2. Temperature dependence of electrical resistivity of (A)
Bi-2223 pure, (B) Bi-2223+AgO 50 wt%, (C} Bi-
2223+Au,05 50 wt%, (D) Bi-2223+MgO 50 wt%.
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Fig. 3. SEM micrographs of (a) Bi-2223 pure, (b) Bi-2223+Ag0 50 wt%, (c) Bi-2223+Au,0; 50 wt%, and (d) Bi-2223+MgO 50 wt%.
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(@) Bi; g4Pbo 35T 61C2, 3CU; 0601, + AG 50 W% (b) B 4Py 3,57, 18, 05CU; 06015 + AU 50 W% (C) By 6yPDg 3087, 61Ca, 43,Cu5 660105 + Mg 50 Wi%
Fig. 4. Secondary electron image and X-ray intensity maps of the surface of (a) Bi-2223+AgO 50 wt%, (b) Bi-2223+Au,05 50 wt%,

and (c) Bi-2223+MgO 50 wt%.

A 4048 A 5 Z(2003)



ool vro Ruof YA Az sojAs Aol Aziwo]
Rt} olol wet, Fig. 3(b)9] SEM ARIMYE ARAE Alol
o] ofAg o] MM EHE Zog AztE ot

Fig. 4(b)= Au,0; T&4t3HE0] 50 wi% SHE AW
FEro)x z} Y52 mapping ©lv]X]e]t}. Bi, Sr, Ca,
Pb, O 9= olnAE EH A= nAFZ FE)
o} A9 72 Bgg o, Cu €AY oA &
A QA= vlHEE FEos tEA BW A gl
A Bk T3 E3E Au 4R ou| X W9
ARoM A Fe|2 73 olu|A]E Ho|iL AU ©]
= E9E At 989 FHE Y= Aol EAlee
Aoz melr}. o]&, Fig. 3(c)2] SEM ARgloA A=
Atojoll zhe AP o] Helo] QAtEe] HAHE JoE &
AT 4 AUSTH

Fig. 4(c)E MgO 548 E0] 50wt E3E A|HY
FHdA z+ YAE2] mapping ©l7|A| |t} Bi, Sr, Ca,
Cu YA=9] olmAE Z& FHE vehl o, odAet
Mgdate 79 222 e g BolHA e d ¥949
A 7% ojuA & YERY. ol £ MgO 54
sl25o] FH9 A ddd AX WA HA &4 HIUF
< Yeplle RAolgt A E oo

AgO, Au,0;, MgO 5& 50wt% &3 2+ A HES
Zt A=l th3t mapping ©]PIAE FHET A Agé
MgE A ERY 227 dAs AFE 2ol Ave
EHe 54 i HAHo £FHE AL ek

4.8 &

Bi-2223 A¢] 4kslE T2 A=A AgO, Au,0;, MgO
5o FEHAEES S0wt% tHE EFAIA (Ag, Au, Mg)-
BiAl A=A 2§ ABL A5, ol5 A|HE
gk XA 8 g 2R TR We YdAEY =2
7] 2 wdAE] 5o AT, A =(T,) B BY
A} 7} YRES) 3 mapping ©)UR S AT AHES
58 g3 e ARE AUk

1. Bi-2223 Ae] A3E w2&xzAEA AgO, Au,0s,
MgO 59 F£AIES So0wt% £ FH5-2A4E &
g o) X-A FAAe) #&AAF} Bi-2212 4, Bi-2201 &
2 CaSrBiCu,0, A ©]9 & A& A=A st
AgO F&AHEEo] E3E AlHe] AujAH] AEL Bi-
2223 AEo| o, Aol Bi-2212 A9 ¥=AI} L
o B g AEL YEA ¥UTE ol Bi-2223 A
o] ZAE QRS AgO, Au,05, MgO 59 4413+
ES gty AAAZ W), Bi-2223 HEY YAES
AgO Z5418E tiste 71 PEg R EA4E
2SS YeRle Zolzt AETh

2. AgO, Au,03, MgO 548 E°] 50 wi% 3 FHR

aAlzr el

NHAES] A7VAFY 2 dEHAR-TS 43 A7 AgO
7F £9 AlEe] A YAHIXE(T, )7t 99.58 K=
An,0;9 MgOE E3s AJHERT o £ 2345 B

T3 Au0:9 Mg09] S42EEES 50wt 33
AHES] XA BFA NN An,057F EFE A|HEC] MO
7} £39 AJMERT Bi-2212 A HAES] H]go] ¢ &
o] e}, CaStBiCu0, A Z2 E4E 5] v
o= Aun,0:7F EFFE AlAS 7,77} 57.16 KE, MgO
7 EFE 2189 1008K E¢ 47.08 K7 B =4 vE
e 432 1A o]& Fig 309 (d)9l SEM<E] ZH}
A BFEoj FHY pAHFZE HH Aw07F EF
d AEA YAEL A FYAHAL W, MgOrt &7
g Al JREL AE7E AY FEHA e BE
2 E3E MO 523 EF 24T drtEo] SHAA
a7 HoR2g ¢ F AT d2hA, Au,0:8F MgO7t
EFE AR 177 W] mA e el 3
TS o Yol ¥e AL ¢ F AU

3. SEMo] 2% AJHE ¥W BJEo ZAF AgO,
Au,0;, MgO F&AMEHEC] 50w% EFE ANHE T,
An,07F T8 A|HoAM YRS A7 7P A A
Aete 275 AU 23y AgO7F EFE AHe] ¢
ZAHE°] Au057F ETE Al dAERG YAEY] 4
ZA487) f ASAE AS & ¢ AR 23, MgO
7F EFE AW ARES] AH Ay FEEA FE
AEZ, EFFE M0 FH5SER 2HE JAE] &
HAAAM 27 He 23S B

= AstE 22xAEA Y AgO, Auw,0;, MgO 54
SES 50wt% T3 AT Agort YAE Alele] oA
3ol Aol 7 & JFE nHE ALE YEHC
o, An,0;= YAEQ A71E /M7 7FE 2 %
T Fe A ¢ F Atk

4. AgO, Auy05, MgO F52EES 50 wt% E7E Al
HEY 2z} YAES] 3 mapping ©FIR] FEAF AgO
9} MgO7F £3¥ AHEL E8F Age Mgso] ZW
oM YA WA Ad=EE AFE Bt 2d, E8d
AgES EH9 2T YAE Atolg} HH He B
o) HA e A4E EIXT, THE MgES EH
A HAEA 2AE JAES Tt A o
oM B4 24 €& ¢ & AUS An07F EF
ANHEL Aus©] FHolA FEFHCO

AHE AT
REFERENCES

1. M. A. Beno, L. Soderholm, D. W. Capone II, D. G. Hinks,
J. D. Jorgensen, J. D. Grace, 1. K. Schuller, C. U. Segre, and



10.

11.

12.

13.

14.

15.

(Bi,Pb)-Sr-Ca-Cu-O-(Ag, Au, Mg) H3HA|e] vl 7ze} 24w B4

K. Zhang, “Structure of the Single-phase High-temperature
Superconductor YBa,Cus05.5,” Appl. Phys. Lett., 51 [1] 57-
9 (1987).

. S. Koyama, U. Endo, and T. Kawai, “Preparation of Single

110 K Phase of the Bi-Pb-Sr-Ca-Cu-O Superconductor,”
Jpn. J. Appl. Phys., 27 [10] L1861-L63 (1988).

. P V.P.S.S. Sastry, J. V. Yakhmi, and R. M. Iyer, “Towards

the Synthesis of the Single-phase Bi-2223 Superconductor
from Stoichiometric (Bi,Pb),Ca,Sr,Cu3Oy Compositions,”
Physica C, 161 [5&6] 656-60 (1989).

. E Shi, T. S. Rong, S. Z. Zhou, X. F. Wu, J. Du, Z. H. Shi,

C. G. Cui, R. Y. Jin, J. L. Zhang, Q. Z. Ran, and N. C. Shj,
“Preparation Process, Crystal Structure, and Physical Prop-
erties of the 110-K Single-phase Pb-Bi-Sr-Ca-Cu-O Super-
conductor,” Phys. Rev. B, 41 [10-A], 6541-46 (1990).

. K. W. Hyung, S. H. Park, D. W. Lee, T. J. Han, B. S. Choi,

and C. E. Kim, “The Effect of Sintering Time on the Sta-
bilization of the Bi-Pb-Sr-Ca-Cu-O Superconducting Phase,”
J. Kor. Ceram. Soc., 29 [2] 95-100 (1992).

. M. Y. Song, “Variation in the Kind of Formed Supercon-

ducting Oxide and Microstructure with Heat-treatment Tem-
perature in Yb-Ba-Cu-Ag Ribbons,” J. of the Kor. Ceram.
Soc., 35 [1] 79-87 (1992).

. M. S. Lee, S. Y. Song, C. Y. Lee, K. Y. Song, and B. S.

Choi, “Effect of Na Substituion for the Ca Site in the
Bi,Sr,Ca; Na,Cu,0s,, Superconductors,” J. of the Kor.
Ceram. Soc., 35 [10] 1007-13 (1992).

. T. H. Tiefel and S. Jin, "High Transport J. and Magne-

tization in Textured Bi-Pb-Sr-Ca-Cu-O Superconductors,” J.
Appl. Phys., 70 [10-2] 6510-12 (1991).

. R. A. Doyle and V. V. Gridin, “Effect of Superimposed

Electrical and Thermal Gradients in Superconducting Poly-
crystalline Bi-Pb-Sr-Ca-Cu-O,” Phys. Rev. B, 45 [18]
10797-800 (1992).

K. Yoshida, Y. Sano, and Y. Tomii, “Precipitation of Impu-
rity Phases and its Effect on the Intergrain Conducting Prop-
erties of Ag-doped Bi(Pb)-Sr-Ca-Cu-0,” Supercond. Sci.
Technol., 8 [S] 329-35 (1995).

S. X. Dou, X. L. Wang, Y. C. Guo, Q. Y. Hu, P. Mikheenko,
J. Horvat, M. Ionescu, and H. K. Liu, “Introduction of Pin-
ning Centers into Bi-(Pb)-Sr-Ca-Cu-O Superconductors,”
Supercond. Sci. Technol., 10 [TA] A52-A67 (1997).

H. Kumakura, K. Togano, E. Yanagisawa, and H. Maeda,
“Magnetization and Flux Creep in Textured Bi(Pb)-Sr-Ca-
Cu-O Oxide Superconductors,” Appl. Phys. Lett., 55 [2]
185-87 (1989).

D. J. Baar, J. P. Franck, J. P. Harrison, Y. Lacroix, and M.
K. Yu, “Oscillator Studies of Intragrain and Intergrain Dis-
sipation in Y-Ba-Cu-O and Bi-Pb-Sr-Ca-Cu-O Ceramic
Superconductors,” Physica C, 170 [3&4] 233-38 (1990).

A. Oota, A. Yata, K. Hayashi, and K. Ohba, “Critical Cur-
rent Density and Magnetization of Ag-sheathed Tapes of
Bi(Pb)-Sr-Ca-Cu-O,” Supercond. Sci. Technol., 4 [1S] S244-
46 (1991).

S. X. Dou, Y. C. Guo, H. Yau, and H. K. Liu, “Effect of
Interfacial Layers on the Mechanical Properties of Ag-clad
Bi-based Superconducting Composite Tapes,” Supercond.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

oL

453

Sci. Technol., 6 [3] 195-98 (1993).

S. Patel, “Mechanical Strain Effects in Design Consider-
ations of High 7, Superconducting Pancake Coil Magnets,”
Cryogenics, 34 [4] 309-14 (1994).

M. Suenaga, Y. Fukumoto, P. Haldar, T. R. Thurston, and U.
Wildgruber, “Effects of Axial Tensile and Bending Strains
on Critical Currents of Mono- and Multicored (Bi,Pb),Sr,
Ca,Cuz0(g-Ag Tapes,” Appl. Phys. Lett., 67 [20] 3025-27
(1995).

J. K. E Yau, N. Savvides, and C. C. Sorrell, “Influence of
Mechanical Strain on Critical Current Density and Micro-
Structure of Silver-sheathed Bi(Pb)2223 Superconducting
Tapes,” Physica C, 266 [3&4] 223-29 (1996).

J. Schwartz, B. C. Amm, H. Garmestani, D. K. Hilton, and
Y. Hascicek, “Mechanical Properteis and Strain Effects in
Bi,Sr,CaCu,0,/AgMg Composite Conductors,” IEEE Trans.
Appl. Supercond., T [2] 2038-41 (1997).

A. Sobha, R. P. Aloysius, P. Guruswamy, K. G. K. Warrier,
and U. Syamaprasad, “Effect of Ag, Ag,O and AgNO;
Addition in (Bi,Pb)-2223/Ag Powder-in-tube Tapes,” Phys-
ica C, 316 [1] 63-8 (1999).

T. A. Deis, M. Lelovic, N. G. Eror, and U. Balachandran,
“Effect of Ag Doping on Structure and Critical Temperature
of Bi,Sr,CaCu,04,5 Superconductors,” Applied Supercon-
ductivity, 6 [6] 279-84 (1998).

K. T. Lau, S. K. Chen, and R. Abd-Shukor, “Effect of Inter-
mediate Rolling on the Transport Properties of Ag-sheathed
(Bi, Pb),Sr,CayCuz0, Superconductor Tapes,” Supercond.
Sci. Technol., 15 351-55 (2002).

N. Hirano and S. Nagaya, “Ag Doping Effects on the Micro-
structure and Properties of Unidirectional Grown Y-Ba-Cu-
O Superconductors,” IEEE Trans. Appl. Supercond., § 1564-
67 (1995).

T. D. Dzhafarov and M. Yilmaziar, “The Effect of Ag Elec-
tromigration on the Properties of BiPbSrCaCuO Super-
Conductors,” Physica C, 292 [1] 140-46 (1997).

S. Katsuyama, Y. Harada, T. Tatani, Y. Ozawa, K. Majima,
and H. Nagai, “Effect of Mechanical Grinding on the Trans-
port Critical Current Density and the Flux Pinning Force of
a YBa,Cu30,-Ag Composite Superconductor,” J. Alloys
Compd., 236 165-70 (1996).

S.-I. Huang, D. Dew-Hughes, D. N. Zheng, and R. Jenkins,
“Effects of MgO Addition on Phase Evolution and Flux Pin-
ning of Bi-2212/Ag Tapes Fabricated by Electrophoretic
Deposition and Partial-melting Processing,” Supercond. Sci.
Technol., 9 {5] 368-73 (1996).

W. Wei, J. Schwartz, K. C. Goretta, U. Balachandran, and
A. Bhargava, “Effects of Nanosize MgO Additions to Bulk
Bi; ;Sr) 7CaCu,0,,” Physica C, 298 [3&4] 279-88 (1998).

S. Pavard, C. Villard, D. Bougault, and R. Tournier, “Effect
of Adding MgO to Bulk Bi2212 Melt Texured in a High
Magnetic Field,” Supercond. Sci. Technol., 11 [12] 1359-66
(1998).

B. Ni, J. Xiong, and Z. Zhao, “Effect of MgO Particles
Addition on Flux Pinning Characteristic in Partial-melting
Processed Bi-2212 Bulk,” Advances in Superconductivity,
10 [1] 525-28 (1998).

A 408 A 5E(2003)



454

30.

31.

32.

33.

ol

D. A. Landinez Tellez, Y. P. Yadava, J. M. Ferreira, and J.
A. Aguiar, “Chemical and Physical Stability of MgO with
LaBaCaCu,0;.5 Superconductors,” Supercond. Sci. Tech-
nol., 12 [1] 18-23 (1999).

S. Pavard, D. Bourgault, C. Villard, and R. Tournier, “Crit-
ical Current Density of 165 kA/em” at 4 K in Bulk Bi2212/
MgO Textured by Solidification in a High Magnetic Field
and Hot Forging,” Physica C, 316 [3&4] 198-204 (1999).

T. Miyamoto, J. Katagiri, K. Nagashima, and M. Murakami,
“Effect of Ag Addition on the Mechanical Properties of
Bulk Superconductors,” IEEE Trans. Appl. Supercond., 9 [2]
2066-69 (1999).

M. Muralidhar, K. Nanda Kishore, S. Satyavathi, O. Pena,

A=Ak et

N
T

34.

35.

and V. Hari Babu, “A.c. and d.c. Susceptibility Studies on
Silver-doped BPSCCO(2223) Superconductors,” Mater. Sci.
Eng. B, 26 151-55 (1994).

X. Y. Lu, A. Nagata, D. Kamio, K. Sugawara, S. Kamada,
Watanabe, and S. Hanada, “Effect of MgO Content on the
Formation and Superconducting Properties of (Bi,Pb)-2223
Phase in the Partial-melting and Sintering Process,” Physica
C, 357-360 828-31 (2001).

H. Fagqir, H. Chiba, O. Monnereau, G. Vacquier, M. Kikuchi,
and Y. Syono, “An Investigation of the Transformation from
BizsrzcaCUZOg to BizerCazCuZOIO,” J. Solid State Chem.,
139 1-7 (1998).



