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RI75 Theory of Oxygen Diffusion in Bulk and 

Twin 8?undary of YBa2~ ~7-x-- J. 5_ Choi. 

M. SarIkaya, I_ A. Aksay, ~. KIkuchi, Univ. of 
Washington. --oxygen diffusion coefficients in 
the YBa 2Cu]o7_ superconducting compound are 
calculated oy {mploying the pair approximation 
of the Path probability Method. The results 
show that the oxygen diffusion in this 
compound is significantly dependent on the 
oxygen dens i ty and the deg ree of 1ong- range 
order. It is found that the oxygen diffusion 
rate in the tetragonal phase is faster than 
that in the orthorhombic phase, with the 
activation energies for diffusion of 0_8 and 
1.2 eV, respectively, and it changes abruptly 
when the phase transformation takes place. We 
discuss the relationship between oxygen 
di f fus i on and each pair probability in 
connection with each pair's interaction energy 
values. The kinetics of ;oxygen diffusion from 
the present model is discussed in the context 
of experimental values in the literature and 
with respect to twin boundary diffusion_ 
*Supported by DARPA/AFOSR through Boeing under 
contract HB 2121_ 

12:00 
R176 The Effect of Reduction and Reoxidation on 
Superconducting Properties of YB~2~ l-xf!;~~3~-6' 
A. R. MOODENBAUGH, YOUWEN XU, M. SUENAGA, R. L. 
SABATINI AND YIMEI ZHU, Brookhaven National Lab.· -­
Samples of YBa4(Cul_XFe,(h07_6 are first prepared by a 
previously deSCribed method. I Next, approximately one 
formula oxygen is removed by heating in a2gon at 8300 C, then 
added back by heating in oxygen at 400°C. The resulting 
reo~idized samples display the orthorhombic structure in 
xrd (as well as twins in TEM) for x up to at least 0.08, 
whereas the orig;I\.11 specimens show an orthorhombic/­
tetragonal phase boundary for x=O.03. Supereonducting 
transition tenweratures (measured magnetically) are several 
degrees hi gher in the resulting orthorhombic samples. 
Preliminary microprobe studies confirm that the Fe does 
remain in the major phase after all processing steps. 
'Supported by the US DOE Office of Basic Energy Sciences, 
Division o(Matcrials Science, under contract DE-AC02­
76CHOOOI6. 
I Youweu Xu, et aI., Phys. Rev. B 39,6667 (1989). 
2 S. Katsuyama, ct aI., Mat. Res. BUII.~, 603 (1989). ' 

12:12 
R 17 7 Partial Substitution of Iransition Row Elements for 
Copper in BhSr2CaCu.z~ and (Bj,Pb)2Sr.2Cazc.u.~1O - Sample 
Preparation and X-ray Structure. P.M. TIllBADO, I.E. JONES, 
R.D. BOSS, W.e. McGINNIS, Naval Ocean Systems Center;· S_ 
OSEROFF, San Diego State University. ··-Preparation condi­
tions used to substitute. 5 mol o/c of the first transition row of 
elements - Ii, V, Mn, Fe, Co, Ni, and Zn for Cu into both 
Bi2Sr2CaCl1z0s and (Bi,Pb}zSr2CazCu30 lO will be described_ 
All these elements were substituted into the 2212 phase with a 
minimum of processing. Partial substitution into the 2223 phase 
(maintaining phase purity) has only been possible for Ii, V, MD, 
and Zn by varying the processing temperature (835· C to 860· C). 
All attempts to produce x-ray single-phase-purity samples of 2223 
with Co, Ni, and Fe substitutions for Cu have been unsuccessful. 
The measured change in the c-axis lattice parameter scales with 
the ionic radii of the substituent. The maximum c-axis lattice 
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spacing change observed was (-0.06 ±0.01 A) for Fe2+ in 2212, 
and (-0.07 ±O.Ol A) for y3+ in 2223: 
• Supported by the NOSC Independent Research Program. 
•• Supported by NSF under grant NSF-DMR-8801317. 

12:24 
R17 8 Partial Substitution of Iransition Row Elements for 
Copper in Bi2Sr2~Qs and (Bi Pb)2Sr2CazCu:3U1O - Super­
conductin~ Properties. I.E. JONES, P_M. IHIBADO, RD. 
BOSS, W.e. McGINNIS, Naval Ocean Systems Center;· S_ 
OSEROFF, San Diego State University.··-The first transition 
row of elements (Ii, Y, Mn, Fe, Co, Ni, and Zn) have been sul>­
stituted. at 5 mol % for Cu, into both BizSr2CaC~OS and 
(Bi.Pb}zSr2CazC~OlO- In the 2212 phase, x-ray data suggest that 
all these elements go into the structure. The effect on Ie is 
~eatest for the Fe and Co substitutions where the Ie (midpoint) 
IS reduced from 82 K to 60 K. For the 2223 phase, all these 
elements except Fe and Co go into the structure while maintain­
ing single-phase-purity (the Ni only goes in as mixed phase mate­
rial - 90% 2223 and 10% 2212). The effect on Ie is greatest for 
the Ni, Zn, and Mn, where the Ie (midpoint) is reduced from 
109 K to 92 K, 102 K, and 103 K, respectively. The magnetic 
moments of the substituent ions in the lattice have also been 
determined by high temperature (I > Ie) magnetic susceptibility. 
• Supported by the NOSC Independent Research Program_ 

•• Supported by NSF under grant NSF-DMR-8801317_ 
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RI79 C ontrol o f Oxygen Deficiency in the Electron 

Superconductor Ndl ,Cc,CuO. y by a Solid State Technique. 

M.E. L6PEZ-MORAI.I ~S * , 11.'1'. !\lIN, IUJ. BEY ERS and P.M. 

GRANT, lIJM Almaden Research Center.-- A necessary condi­

tion for superconductivity in the material N(h ,Cc,.CuO... y is 

the removal of oxygen . The way this procedure.is done and the 

amount of oxygen removed is ~ritical for the sllpcrconducting 

properties of the sample. We <lcscrinc here a method of pre­

paring samples of Nd l ,Ce,CuO• . y with precisciy controlled 

oxygen content using solid st~tc electrC'lysis. We lind that the 

physical properties of this system strongly depend on the con­

centration and ordering of the oxygen atoms. Careful control 

or these factors lead to samples with sllperior electronic proper­

ties. 

'On leave rrom Instituto de Investigaciones en Matcrinles. 

UNt\M 
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R17 10 Bulk superconducti~ at 62K am TransJlNAt Pr0­
perties in ce::<toped TlSr2Ca Or B_L. RAMAKRI , Art 
zona State U.; Z. IQBAL, Am&! Si~l Inc; T. OOITA-;tJ. 
of SOUth Carolina - Using exteiil firing t.ilres at 9'25 
c fonewed by quenching am Au tubes sealEid in ° , we 
were successful in doping a Tl-based cuprate wit~ Ce(IV) 

to form nearly single phase (as judged by x-ray diffrac­

tion and electron microprobe analysis) T11_yCexS:2Ca~-
07' At x=_2S, bulk superconductivity dete~neu DY fietd 

cooled magnetization data together with zero resistance 

was observed at 62K. Details of the structure were det­

ermined by powder x-ray diffraction am lattice imaging. 

Single phase quenched samples showed metallic resistiv­

ity with decreasing temperature whereas slow cooled an:! 

rrultiphase samples showed semiconducting behaviour. 

Because of the implications of doping of the Tl(III) 

sites by Ce(IV) Hall measurements on the specimens will 

be discussed_ 


13:00 

R 17 II' Laser Melt Processing & Growth of Annular_ 

Rings of High Tc Superconductors.t N.K. Jaw" & A. Amiri­

Hezaveh+ "Northea.!tern Univer3ity, B03ton, +MIT, Cambridge, 

MA ­
Laser float zone crystallization has been known for a while [II 
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Fig. 3. Normalized ekC1ricai resistivity. p( T)lp( 300 K). pIocled 

as a function of temperature T for two Eu,."CCu .,CUO._. spec­
imens (air-quenched from IIOO"C. trianaks~ hdium-annalal 
at 88S'C. ~uares). 
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Fil- 4. Normalized electrical resistivily. p( ntfl_,pfcmed •• 
function of temperature T over lhe fa. OS TsJ(J K fOf'sU 
Ln, .~Mo ,)CuO._ ,. electron supercondvaon.. 0aI-a fM lnaPr. 
Nd. Sm.and Eu. M=Ce.and In=Pran4Nd,.M.l1urrshown. 
All sampln shown were hclium-annaJaf ill temper.uures in the 
ranle 885-910 =C. Considerable varialion of T~ -il" hoIa and 
dopant ions is ,!vident. 

tance was obtained only for annealing temperatures 
oar 885°C. This specimen exhibited an onset tem­
perature of 12.5 K, a midpoinl T~" :::: 8 K. and 
.!IT,.::=:6 K . 

.The electrical resistivity, normalized to its maxi­
mum value. is shown as a function oftemper.llure T . .• I" 
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Two-Step Synthesis 

• Calcine at 1400 OCt 48 hrs, in air 

I 	 II. (l-x)Nd20] + xNdCe03.5 + CuO -+ 

Nd2- xCexCuO. + 0.25x02t 

• Calcine 01 980 OCt 24 hrst in O2 
• Sinter at 1050 OCt 48 hrs, in O2 

-:--+-~. 

• Anneal ot 980°C, 36 hrs, in Argon 
• Quench to 25°C, 30 sec, in Argon..6-+------.._ 



M+MpM Mp Mp+MO MO 

GIJbs Phase Rule: 

F =C+2-P 

= 1 in singIe-phase regions for constant -ro and PTotai 

=0 in two-phase regions for constantr' and PTotai 

l 
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Solid Electrolyte Apparatus: 
.• ­
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Po (sample) 
E=.~ In _2__ 6 m =(MO I Zo F) JI dt 

4q P (ref. electrode) =8 X 10,,10 gO2 

(for I I dt =10-' Asec) 
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Conclusions 
. . . 

• 	 Oxygen eontent of Ndt_~e~Cu0'1 ' can be con~oJJed 
uSIng oxygen coulometrle titration. 

• 	 The electronIc properti~ of thIS materisl depend 
upon its oxygen content.:~ 
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