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Abstract :

In this work, we examined the effect of barium doping in one of the ceramic compounds of
the Bi-Sr-Ca-Cu-O family who is the Bi-2212 phase on the structural properties. We had Used
X-ray diffraction technique to fellow the formation of the Bi-2212 phase and other phases may
be existing in samples from one preparation step to another using the comparison with database
files and Winploter software. To study X-ray diffraction spectra and to find the lattice constants
and the hkl indices, we used JADE 5 software. The scanning electron microscope was used to
obtain a picture of the microscopic structure of the grains of some studied samples there binding
and condensation.

We found that the value of x = 0,3 is a critical value, where the constants a and b decrease
before x = 0,3 and then return to increase after it, which is exactly the opposite in the case of
constant c. We also found that the barium doping does not significantly affect the grains shape
but slightly affects the density of some samples.

Key words: Bi-2212 phase, solid state reaction, DRX, Bi-Sr-Ca-Cu-O system, Barium doping,

superconducting ceramics.
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USER: Ba0-1

JADE: Cell Refinement Report

DATE: lundi, mai 21, 2018 11:37a

FILE: [Ba0-1dat.txt] 9.9997 19.0000

SCAN: 10.0498/80.0001/0.05/1(sec), Cu, I(max)=353, 05/19/18 12:56

PEAK: 11-pts/Parabolic Filter, Threshold=3.0, Cutoff=0.1%, BG=3/1.0, Peak-Top=Summ
NOTE: Intensity = Counts, 2T(0)=0.0(°), Wavelength to Compute d-Spacing =

1.540563 (Cu/R-alphal)

Cell Type = Tetragonal(I-Center), (Unknown)

Refined Cell = 3.82194(0.000496), 30.78946(0.003577) <>

Vol= 449.75 A"3, Density(c)= 3.2800 (Chemical Formula =Bi2S5r2CaCu2C8, Z=1.0)
2-Theta Error Window = 0.3(°), Zero Offset = 0.0(°), Displacement = 0.0(°)

ESD of Fit = 0.0249(°), |Delta 2-Theta] = 0.0173(°), |Delta d| = 0.00166(&), F(15)
13.1(66)

Intensity Weighting = sqrt(I%), 2-Theta Range = 10.05/80.0(°), (x) Outlier Rejecti
at 2.0 sigmas

2T(cor) = 2T (cal) + Zero Offset + Displacement (cal=Calculated, obs=Observed,
cor=Corrected)

h k 1 2T(cal) 2T(cor) 2T(obs) Delta d(cal) d(cor) d(obs) Del-d ?
0 0 4 11.486 11.48¢6 -—- 7.6974 7.6974 -—-

0 0 6 17.266 17.266 17.312 -0.046 5.1316 5.1316 5.1181 0.0135
0 0 8 23.09 23.090 23.081 0.009 3.8487 3.8487 3.8502 -0.0016
1 0 1 23.435 23.435 -—- 3.7928 3.7928 -——-

1 0 3 24,838 24.838 24.861 -0.022 3.5817 3.5817 3.5785 0.0031
1 0 5 27.443 27.443 27.446 -0.003 3.2473 3.2473 3.2470 0.0003
0 0 10 28.976 28.976¢ 28.977 -0.001 3.0789 3.0789 3.0788 0.0001
1 0 7 30.971 30.971 30.%62 0.009 2.8850 2.8850 2.8858 -0.0009
1 1 0 33.120 33.120 33.120 0.001 2.7025 2.7025 2.7026 =-0.0001
1 1 2 33.642 33.642 —-— 2.6618 2.6618 -——-

0 0 12 34,941 34.941 34,944 -0.004 2.5658 2.5658 2.5655 0.0003
1 1 4 35.165 35.165 -—- 2.5499 2.,5499 -—-

1 0 9 35.178 35.178 -—- 2.5490 2.5490 -—-

1 1 6 37.584 37.584 -—- 2.3912 2.3912 -——-

1 0 11 39.888 39.888 -—- 2.2582 2.2582 -—-

1 1 8 40.763 40.763 -—- 2023407 2:2327 -—-

0 0 14 41.005 41.005 -—- 2.1992 2.1992 -—

JADE 5 eli sz Ba0, 1F diall Al il 55 (psuan’t dnts 11-B JS&)
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USER: Ba0-2

JADE: Cell Refinement Report

DATE: lundi, mai 21, 2018 11:52a

FILE: [Ba0-2dat.txt] 9.9997 25.0000

SCAN: 10.0498/80.0001/0.05/1(sec), Cu, I(max)=815, 05/19/18 14:24

PEAK: 13-pts/Parabolic Filter, Threshold=3.0, Cutoff=0.1%, BG=3/1.0, Peak-Top=Summj
NOTE: Intensity = Counts, 2T(0)=0.0(°), Wavelength to Compute d-Spacing =

1.54056A (Cu/k-alphal)

Cell Type = Tetragonal(I-Center), (Unknown)

Refined Cell = 3.8157(0.001661), 30.84135(0.017222) <>

Vol= 449,04 A"3, Density(c)= 3.2852 (Chemical Formula =Bi2S5r2CaCu2(8, Z=1.0)
2-Theta Error Window = 0.3(°), Zero Offset = 0.0(°), Displacement = 0.0(°)

ESD of Fit = 0.0588(°), |Delta 2-Theta| = 0.0436(°), |Delta d| = 0.00226(A), E(25)
9.4(61)

Intensity Weighting = sqrt(I%), 2-Theta Range = 10.05/80.0(°), (x) Outlier Rejectit
at 2.0 sigmas

2T (cor) = 2T (cal) + Zero Offset + Displacement (cal=Calculated, obs=Cbserved,
cor=Corrected)

h k 1 2T(cal) 2T(cor) 2T(obs) Delta d(cal) d(coxr) d(obs) Del-d ?
0 0 4 11.467 11.467 --- 7.7103 7.7103 -—=

0 0 6 17.237 17.237 17.232 0.005 5.1402 5.1402 5.1416¢ -0.0014

0 0 8 23.051 23,051 23.035 0.0l¢ 3.8552 3.8552 3.8577 -0.0026

1 0 1 23.473 23.473 -—- 3.7868 3.7868 ==

1 0 3 24.869 24.869 24.824 0.046 3.5772 3.5772 3.5837 -0.0065

1 0 5 27.463 27.463 27.425 0.038 3.2450 3.2450 3.24%94 -0.0044

0 0 10 28.926 28.926 28.926 0.000 3.0841 3.0841 3.0841 0.0000

1 0 7 30.978 30.978 30.925 0.053 2.8844 2.8844 2.8892 -0.0048

1 1 0 33.176 33.176 33.075 0.101 2.6981 2.6981 2.7061 -0.0080

1 1 2 33,695 33.695 33.587 0.108 2.6577 2.6577 2.6661 -0.0083

0 0 12 34.880 34.880 34.875 0.005 2.5701 2.5701 2.5704 -0.0003

T 1 94 .35.211 35,211 -—- 2.5467 2.5467 ---

1 0 9 35,170 35.170 -—- 2.5496 2.5496 —<

1 1 6 37.620 37.620 -—- 2.3890 2.3890 -—

1 0 11 39.866 39.866 -—- 2.2594 2.25%4 ---

1 1 8 40,787 40.787 40.606 0.180 2.2105 2.2105 2.2199 -0.0094 x
0 0 14 40,933 40.933 41.228 -0.295 2.2030 2.2030 2.1879 0.0151 «x

JADE 5 z=U_» Ba0,2F 4l A0l Cl 5 Guand Aagis 12-B JSal)
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USER: Ba0-3

JADE: Cell Refinement Report

DATE: lundi, mai 21, 2018 11:57a

FILE: [Ba0-3dat.txt] 9.9997 9.0000

SCAN: 10.0498/80.5591/0.0504/1(sec), Cu, I(max)=539, 05/19/18 14:24

PEAK: 15-pts/Parabolic Filter, Threshold=3.0, Cutoff=0.1%, BG=3/1.0, Peak-Top=Summi
NOTE: Intensity = Counts, 2T(0)=0.0(°), Wavelength to Compute d-Spacing =

1.54056A (Cu/K-alphal)

Cell Type = Tetragonal(I-Center), (Unknown)

Refined Cell = 3.83332(0.004031), 30.47843(0.023634) <>

Vol= 447,86 A"3, Density(c)= 3.2938 (Chemical Formula =Bi2S5r2CaCu208, Z=1.0)
2-Theta Error Window = 0.3(°), Zero Offset = 0.0(°), Displacement = 0.0(°)

ESD of Fit = 0.1266(°), |Delta 2-Theta| = 0.1101(°), |Delta d| = 0.0065(&), F(20) :
2.6(69)

Intensity Weighting = sqrt(I%), 2-Theta Range = 10.05/80.56(°), (x) Outlier Rejecti
at 2.0 sigmas

2T(cor) = 2T (cal) + Zero Offset + Displacement (cal=Calculated, obs=Observed,
cor=Corrected)

h k 1 2T(cal) 2T(cor) 2T(obs) Delta d(cal) d(cor) d(ocbs) Del-d ?
0 0 4 11.604 11.604 -—- 7.6196 7.6196 -—-

0 0 6 17.444 17.444 17.548 -0.105 5.0797 5.0797 5.0497 0.0301
0 0 & 23.329 23.329 --- 3.8098 3.8098 ---

1 0 1 23.369 23.369 23.462 -0.093 3.803¢4 3.8034 3.7885 0.0148
1 0 3 24.804 24.804 -—- 3.5865 3.5865 ---

1 0 5 27.463 27.463 -—- 3.2450 3.2450 -—-

0 0 10 29.278 29.278 29,399 -0.121 3.0478 3.0478 3.0356 0.0122
1 0 7 31.058 31.058 -—- 2.8772 2.8772 -—-

1 1 0 33,019 33.019 -—- 2,7106 2.7106 -—-

1 1 2 33,553 33,553 33.612 -0.059 2.6687 2.6687 2.6641 0.0046
0 0 12 35,309 35.309 35,377 -0.068 2.5399 2.5399 2.5352 0.0047
1 1 4 35,110 35.110 -—- 2.5538 2.5538 ---

1 0 9 35,336 35.336 35.442 -0.106 2.5380 2.5380 2.5306 0.0073
1 1 & 37.580 37.580 37.376 0.204 2.3914 2.3914 2.4040 -0.0126
1 0 11 40.122 40.122 -—- 2.2456 2.2456 ---

1 1 8 40.823 40.823 -—- 2,2086 2.2086 ---

0 0 14 41,442 41.442 41.309 0,134 2.1770 2.1770 2.1838 -0.0067

JADE 5 z=U_» Ba0,3F dall A0l Cl 5 Guand a1 2-B JSa)
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USER: Ba0-4

JADE: Cell Refinement Report

DATE: lundi, mai 21, 2018 12:01p

FILE: [Ba0-4dat.txt] 9.9997 19.0000

SCAN: 10.0498/80.0001/0.05/1(sec), Cu, I(max)=479, 05/02/18 22:31

PEAK: 15-pts/Parabolic Filter, Threshold=3.0, Cutoff=0.1%, BG=3/1.0, Peak-Top=Summi
NOTE: Intensity = Counts, 2T(0)=0.0(°), Wavelength to Compute d-Spacing =

1.540562 (Cu/K-alphal)

Cell Type = Tetragonal(I-Center), (Unknown)

Refined Cell = 3.80708(0.001258), 30.61146(0.017924) <>

Vol= 443,68 A"3, Density(c)= 3.3248 (Chemical Formula =Bi2Sr2CaCu2C8, Z=1.0)
2-Theta Error Window = 0.3(°), Zero Offset = 0.0(°), Displacement = 0.0(°)

ESD of Fit = 0.1509(°), |Delta 2-Theta| = 0.1206(°), |Delta d] = 0.00656(&), F(20)
2.5(66)

Intensity Weighting = sqrt(I%), 2-Theta Range = 10.05/80.0(°), (x) Outlier Rejectit
at 2.0 sigmas

2T(cor) = 2T (cal) + Zero Offset + Displacement (cal=Calculated, obs=Observed,
cor=Corrected)

h k 1 2T(cal) 2T(cor) 2T(obs) Delta d(cal) d(cor) d(obs) Del-d ?
0 @ 94 T1.553 31,553 - 7.6529 7.6529 -—-

0 0 6 17.367 17.367 - 5.1019 5.1019 -—-

0 0 8 23.227 23.227 23.251 -0.024 3.8264 3.8264 3.8225 0.0039
1 0 1 23,529 23,529 23.266 0.263 3.7780 3.7780 3.8201 -0.0421
1 0 3 24,943 24,943 25,033 -0.091 3.5669 3.5669 3.5542 0.0127
1 0 5 27.567 27.567 27.595 =-0.027 3.2330 3.2330 3.2299 0.0031
0 0 10 29.148 29,148 29,149 -0.001 3.0611 3.0611 3.0611 0.0001
1 0 7 231.121 31,121 31.075 0.046 2.8714 2.8714 2.8756 -0.0042
1 1 0 33,2583 33.253 33.291 -0.037 2.6920 2.6920 2.6891 0.0029
1 4. 2 B39 33.379 --- 2.6513 2.6513 -—-

0 0 12 35,150 35,150 35,045 0.105 2.5510 2.5510 2.5584 -0.0074
1 1 4 35,314 35,314 -—- 2.5395 2.5395 ---

1 0 9 35,358 35,358 -—- 2.5364 2.5364 ---

1 1 & 37.752 :37.752 --- 2,3809 2.3809 -—-

1 0 11 40.102 40.102 -—- 2.2466 2.2466 --

1 1 8 40.957 40.957 - 2.2017 2.2017 ---

0 0 14 41,254 41,254 41.346 -0.092 2.1865 2.1865 2.1819 0.0046

JADE 5 eli sz Ba0,4F diall Al 5 (psuant dnts 14-B JSA)
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USER: Ba0-5

JADE: Cell Refinement Report

DATE: lundi, mai 21, 2018 12:04p

FILE: [Ba0-5dat.txt] 9.9997 17.0000

SCAN: 10.0498/80,5591/0.0504/1(sec), Cu, I(max)=617, 05/19/18 14:25

PEAK: 13-pts/Parabolic Filter, Threshold=3.0, Cutoff=0.1%, BG=3/1.0, Peak-Top=Summi
NOTE: Intensity = Counts, 2T(0)=0.0(°), Wavelength to Compute d-Spacing =

1.54056A (Cu/K-alphal)

Cell Type = Tetragonal(I-Center), (Unknown)

Refined Cell = 3,80008(0.000468), 30.63951(0.00366) <>

Vol= 442.45 A"3, Density(c)= 3.3341 (Chemical Formula =Bi2S5r2CaCu2C8, Z=1.0)
2-Theta Error Window = 0.3(°), Zero Offset = 0.0(°), Displacement = 0.0(°)

ESD of Fit = 0.0177(°), |Delta 2-Theta| = 0.0155(°), |Delta d| = 0.00097(2), F(19)
18.9(635)

Intensity Weighting = sqrt(I%), 2-Theta Range = 10.05/80.56(°), (x) Outlier Rejecti
at 2.0 sigmas

2T(cor) = 2T (cal) + Zero Offset + Displacement (cal=Calculated, obs=0Observed,
cor=Corrected)

2T (cal) 2T (cor) 2T(obs) Delta d(cal) d(cor) d(obs) Del-d ?
11.543 11,543 - 6599 7.6599 ---
17:35) §2.351 -—- 1066 5.1066 -—
23,205 23,205 23.187 0.018 3.8299 3.8299 3.8329 -0.0029
23572 23,572 -—- J912: 3.7712 -—-

24,981 24,981 24,960 0.021 3.5615 3.5615 3.5645 -0.0030
27,598 27.598 27.580 0.017 3.2295 3.2295 3.2315 -0.0020
10 29,121 29.121 29.104 0.017 3.0640 3.0640 3.0657 -0.0018
0.021 2.8695 2.8695 2.8714 -0.0019
2.6862 0.0008

33.840 33.840 33.764 0.077 2.6467 2.6467 2.6525 -0.0058 x
12 35.117 35,117 35,136 -0.019 2.5533 2.5533 2.5520 0.0013

Ionaqy 99,371 e
35.369  35.369 e
37.801 37.801 o
40.104 40.104 e
40.996  40.996 T
41,215 41.215 41.396 -0.181

5356
9357
3779
2465
1997

1885

5356 ==
5357 -
3779 e
2465 Ces
1997 ==
1885 2.1794 0.0092 «x

1

L T e T e T S S e T S S S T =T = T
Lo T S S S e T T e T S S e S e T e S e T e S e T e e S

1

4 T 7
6 S 5
8 3 3
1 3 3
3 3 3
5 3 3
0 3 3
1 31,142 31.142 31:121 2 2
0 33.316 33.316 33.327 -0.011 2.6871 2.6871
2 2 2
2 2 2
4 2 2
9 2 2
6 2 2
1 2 2
8 2 2
4 2. 2

1

JADE 5 z=U_» Ba0,5F 4l A0l il 5 st dais 15-B JSA)

78



