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ABSTRACT

Bi,Sr,Ca ,Cu 0O,,5 (BSCCO, x=1, 2, and 3) glassy plates have been synthe-
sized by melt-quenched method and the mechanical properties are mea-
sured. The microstructures of BSCCO glassy plates are observed by the
scanning electron microscope (SEM). The crystal structures of the glasses
are measured and simulated by x-ray diffraction (XRD) technique and visu-
alization of crystal structure (V1CS) technique, respectively. Theelastically
properties and Vickers hardness are measured and evaluated by ultrasonic
sound velocity measuring device and micro-hardness tester, respectively. It
found that, the BSCCO glassy platesare composed of Bi,Sr,CuO, (Bi-2201),
Bi,Sr,CaCu,0, (Bi-2212) and Bi,Sr,Ca,Cu,0,  (Bi-2223) phases, these phases
confirmed by the XRD analysis and calculated by Powder Cell technique.
The glassy plates have been a good value of bulk modulus (K), Young’s
modulus (E), shear modulus (G) and Vickers hardness (Hv), these properties

KEYWORDS

BSCCO superconductors;
Glassy plates,
Mechanical properties;
Thermoelectric materials.

are corresponded to a good thermoel ectric materials.
© 2008 Trade Sciencelnc. - INDIA

1.INTRODUCTION

Theamorphous materia sfor superconductorslike
Bi,Sr,CuQ, (Bi-2201), Bi_Sr,CaCu,O, (Bi-2212), and
Bi,Sr,Ca,Cu,0,, (Bi-2223) phasesare severa appli-
cation studies. Therefore, devel opmenta investigations
of thevariousmechanical propertiesof amorphousma-
terialsor glass ceramics phases are very important of
gpplicable superconductivity and thermoe ectricity. The
superconductivity of Bi-2201, Bi-2212, and Bi-2223
bulk samples havethecritical temperature (T ) of 10,
85, and 110 K, respectivelyi*2. Thelattice parameters
of three phases are interesting, a=b=0.39 nm and

c=2.46, 3.06 and 3.71 nm, respectivel y?2.

Furthermore, Seebeck coefficient (S) for BSCCO
thermoel ectric materialsareeither positive or negative
depending onthechemica compositions, subgtitutiona
some materials, and preparative conditiong345¢, The
thermoel ectric properties of BSCCO glassceramics
arewould betoinvestigation.

The paper isto synthesisthe Bi,Sr,Ca_,Cu O_.6
(x=1, 2, and 3) glassy platesby me t-quenched method.
Furthermore, mechanica propertiesof theglassy plates
have al so been measurement and eva uation for pre-
dictionthetherma conductivity.
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2EXPERIMENTAL
The Bi,Sr,Ca ,Cu 0, (x=1, 2, and 3) glassy
platesare prepared by the melt-quenched method"4.
TheBi,O,, SICO,, CaCO,, and Cu,Oinitial powders
arehigh purity (99.99%) and mixed in an agate mortar
for 2h. Themixturewas melted in an a-alumina cru-
ciblea 1,200°C for 30 min. Molten mixturewasquickly
poured onto acold copper plate box and pressed with
another cold copper plateto obtain rapidly quenched
glassy plates. The as quenched glassy platesare ana-
lyzed by x-ray diffraction (XRD) and the XRD pat-
terns are calculated by using Powder Cell software.
Themorphologiesof theasquenched glassy platesare
observed by scanning € ectron microscope (SEM). The
densities (d) of the as quenched glassy platesarede-
termined from the measured wei ght and dimensions.
Thelongitudinal and shear sound velocitiesof glassy
platesaremeasured by an ultrasonic pul se-echo method
to eva uate the shear modulus (G), Young’s modulus
(E) and Debyetemperature (®). TheVickershardness
(Hv) of glassy plates are measured by amicro-hard-
nesstester. Thetherma conductivity (k) of glassy plates
arepredicted from the Debye temperature val ues.

3RESULTSAND DISCUSSION

Amor phousmaterialspreparation

Theasquenched glassy platesarethelarge size of
20x20x5 mm, the face of glasses are sparkle like a
preciousasshowninfigurel, indicateceramicor amor-
phousbehavior. It might be dueto agood thermoel ec-
tricity for low thermal conductivity. Infact, theglasses
have evenlower thermal conductivity compared with
crystalline materia s becausethe amorphous structure
scatters phononsto mean-free paths of atomic dimen-
sons. Thustheided thermoelectric materia resembled
a‘“phonon glass and an electron crystal”"8,

Phaseidentification

The XRD patterns of the as-quenched materials
areshow infigure2, indicateamorphousbehavior. The
main peaks of the Bi-2201 glassy plate was corre-
sponded the XRD patterns of JCPDS card No. 46-
543. Thecrystal structure of the glassy platesarethe
tetragonal structure, the lattice parameters of a=b=
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Figure 1: The as-qu'enéhed glassy plates 0f822CaX_
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Figure2: X-ray diffraction patternsof (a) Bi-2201, (b) Bi-
2212, and (c) Bi-2223 glassy plates

0.3854 nm and c=2.4311 nm, thevolumeof unit cell of
3.6117x102% cm?®, the theoretica density of 7.80313
gcm and 80 % of theoretical density. On the other
hand, the Bi-2212 and Bi-2223 glassy platesare ob-
tained broad peaks of XRD patterns like the amor-
phousmaterids, it very difficultly toidentification pesk.
Therefore, weidentified the main peak of XRD pat-
ternsby usingthe Powder Cdll caculation. It found thet,
the lattice parameter of Bi-2212 glassy plate is
a=b=0.38 nm, ¢=3.0178 nm and a=b=0.3879 nm,
c=3.8643 nmfor Bi-2223 glassy plates. However, the
main peak XRD patterns of Bi-2212 and Bi-2223
glassy platesarehighintensity at around 20~30°, indi-
catethe short-range atomic ordert.

Thea, band clattice parametersof Bi-2201 glassy
plateissmilarly, sndl dightly for Bi-2212 and Bi-2223
glassy platesare compared with JM.Terascon et a.¥
asshown infigure 4 because of | atti ce parameters of
Bi-2212 and Bi-2223 glassy plates are obtained data
fromonly cdculation.

Crystal structure
Wehaves mulated thecrysta structureof BSCCO
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Figure 4. Crystallographic cells of (a) Bi-2201, (b) Bi-
2212, and (c) Bi-2223

Figure5-8 ??

system by using the VICS technique as shown in
figure3.

It foundthat, the Bi-2201 hasaCuO, layer is sand-
wiched in between two BiO and SrO layers. The Bi-
2212 has the CaCuO, layer inserted in between the
SrO layers. The Bi-2223 has added CaCuO, layer,
and three CuQ, layers sandwiched in betweenthe SrO
layers.

Microstructure

The powder of glassy plates are observed the mi-
crostructure by the SEM asshowninfigure5, indicate
theglassceramicsbehavior.

The surface morphol ogies of Bi-2201, Bi-2212,
and Bi-2223 glassy platesare show infigures6(a-c),

respectively.
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TABLE 1: Characteristicof BSCCO glassy plates

Property Bi-2201 Bi-2212 Bi-2223
Density (gcm) 6.2730 5.8137 4.6422
Atomic weight (g) 2.81823x10212.95138x102'3.05769x 10"
L attice parameter a 0.3854
(nm) '

L attice parameter b 0.3854

(nm) '

L attice parameter ¢

(nm) 24311

Volume of unit cell 92

(cm?) 3.6117x10

Theo_r3et|0a| density; TD 780313

(gem™)

%of T.D 80

Longitudinal sound 3327.2 3643.9 3981.1
velocity;v, (ms?) ‘ ' '
Shear sound velocity,vs g9 g 21038 22985
(ms_]_) . B .
Vickers hardness; Hv

(GPa) 3.7821 3.3926 3.8022
Zg’gg)g s modulus;E 578601 643278 613134
Bulk modulus,K (GPa) 38.58 42.89 40.88
Shear modulus,G (GPa) 23.15 25.73 24,53
Poision’s ratio 0.25 0.25 0.25
Compressibility;

(10°GPa) 25.92 23.32 24.46
g‘(%’e temperature; 270.72 284,99 306.00

Vickershardness

The Vickers hardness of Bi-2201, Bi-2212, and
B-2223 glassy plates are determined according to the
followingformula
Hv=1.844F/2 1)
where F is the applied load in N, | is the average length of
diagonal of anindentationin mm.

It can be observed that at al the applied loads,
thereisamarked hardnessincreasesuch asat 0.49 N,
from4.3t04.7 GPa; thisinitia increase might bedue
to accounted for by thefact that the presence of large
volumefraction of superconducting phases strengthen
the connecting bridge between graing*2.

Theréationship between theVickershardnessand
Young’s modulus of BSCCO glassy plates are shown
infigure8.

TheBi-2201, Bi-2212, and Bi-2223 glassy plates
have been related the' Young’s modulus and the Vickers
hardnessgivenby:

E=16.8067 Hv )
and theHV/E va ues are nearly the ceramic properties.

In addition, we predicted the thermal conductivity
(K) by thefollowing:
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343 k3 20
= 674137 (om)353 T
wherey isthe Griineisen constant, k is Boltmann constant, M
is the mass of aunit cell, 3 is constant, and o is annihilation
operators of the dimension of displacement!*3,
Theequation (3), indicate that the K dependsdi-
rected to Debyetemperature, following by:
Koc® @)
It might be due to the predication of the k of
BSCCO glassy plates are maybe K K
K wewill measureit soon.

©)

) <K.. <
Bi-2201 Bi-2212

Bi-2213’

4. CONCLUSIONS

Theinitia compostionof Bi,Sr,Ca _,Cu O_5(x=
1,2, and 3) melted a 1,200°C for 30 min and quenched
at room temperatureto obtained theglassy plates. Itis
dueto theformation of the crystal structure, theglass
ceramic, and theamorphousbehavior asanalyzed from
XRD patterns, Powder Cell, VICS, and SEM studies.
TheBSCCO glassy plates have been the HV/E values
correspond the ceramic properties.

Findly, thethermal conductivity of BSCCO glassy
platesare predicted by the Debyetemperature. It might

betheK .., <Kg 5,1, <K .15 @Nd corresponding to
agood thermoel ectricity
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