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Effect of Doping Elements on Superconducting
Characteristics in Bi-system Ceramics
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Abstract

This paper investigated the effects of doping elements on the Bi-Sr-Ca-Cu-O ceramics. The
doping elements can be classified into four groups depending on their superconducting characteristics

in the Bi-Sr-Ca-Cu-O structure.

The first group of doping elements(Co, Fe, Ni and Zn) substitute into the copper site and can
reduce the critical temperatures of the 2223 and 2212 phases. The second group of doping elements(Y
and La) substitute into the Ca site and cause the disappearance of the 2223 phase and increase the
critical temperatures in the 2212 phase. The third group of doping elements(P and K) have a
tendency to decompose the superconducting phase and reduce the optimal sintering temperature. The
fourth group of doping elements(B, Si, Sn and Ba) almost uneffected the superconductivity of the

2223 and 2212 phase.
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Table 1. Effect of the doping elements on the

Ten and Ta of BiSrCaCuzDoesOy
ceramics
IONIC
DOPING ELECTRON
ELEMENT R‘?.Pn'})’s conrig. 1 T
Co AL ITY 65
Fe 64(+3) [Arl3d®4s? 105 60
Ni 72(+2) A2 112 75
7n 74(+2) [Ar13d"%s? 10 3
Y 93(+3) [Krl4d'ss® - 95
La 106(+3)  [xelafsd'6s® - 87
J M5 Nelsp' - 91
K 133(+1) [Arl4s' - 88
B 0069 =D 7 g
si 4144 INeBsB® 116 82
Sn 71+)  [Krl4dVss’s? 115 80
Undoped 115 80
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Fig. 1. Doping concentration dependance of

critical temperature for the group one
doped samples
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Fig. 2. Doping concentration dependance of lattice

parameters for the group one doped

sample
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for the various Fe concentrations
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Fig. 4. X-ray diffraction patterns of Fe doped
samples

2223

B!

Nt
&
A

¥

L

Bo
& rt@?n
bo

a8 5. BiSrCaCuO Al9) dAF2
Fig. 5. Crystal structures of BiSrCaCuO system
3% 5% BiSrCaCuO AlA e AATZE 2201,
2212 R 2223 Aoz RIS Vel
Ztzke] AAE Alelele Cu €2 49 0 9=

- 201 -



o] WA o7} QISE & 5 Utk F, 22019
B A de e Cu 9471 6 W42 8 WAlg 9
A widstn glew, 2212 AdA e 5 TR
249 ¢] 72}u)E(square pyramid)®] YA o] 283
2223 AAMe 4 w2 299 mgr=s g A
#lo] W(square plan)e} $Xo] wjg3A |,
BiSrCaCuO A9l Felt CoE =$9AZd otz
HZAES Cu X Ng=o 8 WA ujd & o
FE A2 AlRHY ol HAEo| Cu HAd A
oz muAsFE e 2 FZE YA
A He Ao #dd £ . ols R-T £4
FHAAME A8 & ed  Feul Cod #H7lol
wel wzAly AFE Holn 2212 R 2223 Aol
2EHE 4 TS HEe JFY 5 g,

32 M2AHY £9F g

a9 62 Y9 =% FEE ¥3AA 855 Col
Al 12 A1 23, AFZF BiSrCaCu:YOy(x= 0,
0.050.1,0.2) AlHfA Z&AF R-T FAeln},

9% ¥ 5 mol% o4 AlEME x = 02
AlH A FEHE 2223 AoA 2212 4oz A
o] 4L Ugx gon 293 T E ZHA
ol wel AgEY FAH F7t9 A A=A
o] Mol dA= & WH3E Holm Yt

Resistivity(arb. unit)
\ \
% ,
%, *,

% " ’o..
3 3
-]
7

5 1;)0 1l50 200 250
Temperature(K)
J8 6. Y ¥% ¥l ©WE AFEY 2% o&EA
Fig. 6. Temperature dependance of the resistivity
for the various concentrations of Y

Z, A 2 Adel £8te 2949 Y9458 =293
o g3 2223 A4g ATAIH 293 ¥xo 27}
o wet 2212 e Heol A EEE Ao

q4E Bolx e YU La 28 JEF 44
€0l °] AEY =99 U&= ¥FES
BiSrCaCuz:0y Aol HEF 948 =¢9 o=
#2223 o] AdWHE 4L 1Y 3-139 2223
e BA FRAAN 2 719 Ca A 3 7Hg Y
427 g MY FA F2E YA§ u
o 2212 49 2R F2E HAst: Ao WA ¢A
¥ 4HE #AT F UASE dUEy Ca 94X F
He Cu % 0 949 ¥¥ 48E YBaCusOr A
oM Yo mdat A ASE FAH F Aok

3-3. M 3AY £9Y dx

A3 ALY =93 92 P % K9 L £%
Boll o8 2223 &9 223 A 2212 49 Ho
AN &x=7F F7bete A%E dedz ed 1
79 =99 449 @& R-T 54¢& dehio

E$% FE Smol% ¥ 2223 gl g% A
€9 Hole #EHA Yo 2212 49 Ho| A
¢ #5do.

g
° M
£ o
&
>
E YL seeK
E ..o-"".
- s°
50 100 150 200 250

Temperature(K)

38 7. Al 3 AE =93 AlHe APEe HE
= g&4

Fig. 7. Temperature dependance of the resistivity
of the group three doped samples

19 82 P ¥ K9 =43 ¥E Smol%% B¢
ANge X A4 g3 dde)dh

Al At AA 22019 BEH A, CuO HA
R 2212 43 A viAe Hag B5Y F U
ole Al 3 AEY =93 f4E] xAZYL B
A 71E BFe] en 53] 2223 A& BAAY
< 9ugo. T. Kanai §[10]& Ke] Sroly Ca ¢
Ao Aggeozn HAH 24 2E7 Fi2Ege B
1% vt o N Kijima ¥$[11]& 423 &%7}

- 202 ~



840 TE& 233 A9 2212 € 2223 4L 2201
A duzAsAo BIES 2o v ot

wala B Ay Zdgz 2 A 3 A48 =299
A29 H7tel wel A=Y Ao HAHA &F
LEE Ast"He Aoz EAHY I Axz 855
Tl 2283 NHE zdxzAel 44 E&<
Rog wad,

Intensity(arb. unit)

30 80
26(deg.)

a8 8. A 3 AE =Y A¥HY X A 34 A4
Fig. 8. X-ray diffraction patterns of the group
three doped samples
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