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Abstract 

Solid state reactions at 925~ between the high-To ceramic superconductor YBa2Cu3OT~ and 
La203 and SrCO3, respectively, mixed in various molar ratios r= MeOJYBazCu307-~, were stu- 
died using X-ray powder diffraction and scanning electron microscopy. The reaction between 
YBa2Cu3OT-s and La203 yielded (La~-xBax)2CuO4-s, with x~0. 075-0.10, 
La2 xBal +xCu206-~, with x~0.2-0.25 and La-doped (Yi-xLax)2BaCuO5, with x~0.10-0.15. For 
r=3.0, Y-doped La2BaCuO5 resulted also. The reaction between YBa2Cu307-~ and SrCO3 yiel- 
ded (Srl-zBaz)2CuO3, with z~0.1, Y2(Ba~-zSr~)CuOs, with z = 0.1-0.15, and a nonsuperconduc- 
ting compound with an approximate composition of Y(Bao.sSro.5)sCu3.sO~o~. At values of r<_2.0, 
unsubstituted YBa2Cu3OT-del~a was found in the reaction products. 
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Introduction 

Isomorphic substitutions for host ions in the ceramic superconductor 
YBa~Cu3OT-8 (labeled below as YBCO or Ylz~) are possible for a great variety 
of ions which have ionic radii and oxidation states close to those of the host 
ions. 

In a couple of previous papers solid state reactions between YBCO and ox- 
ides of potential substituents for yttrium, such as Eu, Ca, Th, Sc and Ce - [1] 
- and for copper, such as Fe, Co and Zn [2] were studied. It was concluded that 
the existence of substituted Yt23-phases seems to largely depend on chemical 
stability relations between the substituted YBCO and compounds of the oxide 
of the particular substituent ion with oxides of Ba, Y and Cu. 

The purpose of this work is to study the solid state reactions between 
YBa2Cu307-8 and compounds of elements which have been reported to substi- 
tute at the Ba-site, i.e. cations such as La3+(with ionic radius Rx= 1.28A) and 
Sr 2+ (Rx = 1.32A). Given the differences in ionic radii between La 3+, Sr 2+ and 
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462 HEGEDUS: SUPERCONDUCTORS 

Ba 2+ (Rx = 1.52A) the main effect of the La and Sr-substitution for Ba is a 
shortening of the lattice parameters, especially the c-axis [3, 4]. 

La-substituted Y(Bal-xLax)2Cu3OT§ was reported to have orthorhombic 
structure for values of x<0.15 and tetragonal structure for values of 
0.15<x-<0.36 [3, 5]. These solid solutions are superconducting, with reduced Tc 
in the tetragonal state too. 

Sr can replace Ba in Y(Bal-zSrz)2Cu3OT-s up to z=0.4. A linear depression 
of the Tc in combination with stabilization of the tetragonal crystalline phase 
with increasing Sr concentration has been reported. For z>0.4 impurity phases, 
such as Y2(Bao.gSr0.02CuO5 and (Sr2/3Bal/3)14Cu24041 emerge [6, 7]. 

The phase analysis of the reaction products requires a thorough knowledge 
about the compounds in the investigated systems. The Y-Ba-Cu-O system ex- 
hibits three quaternary phases at 925-950~ in air or oxygen: the black, high- 
Tc superconductor YBa2Cu3OT-s with orthorhombic structure (Y~23) [8], the 
green Y2BaCuO5 with orthorhombic structure (Y2n) [9] and one barium-rich 
compound with approximate composition YBa3Cu2Ox (Y~32), YBa4Cu3Os.s+~ 
(Y143) or Yl.0-1.33BasCu40~3.~ (Y184), having cubic or tetragonal structures 
[10-171. 

In addition to the 30K-superconductor (Lal-xBax)2CuO,t-8, with x~0.075 
[18-20] and 90K-superconductor La3-xBa3+xCu60~4_+s, with 0.0_<L<0.8 [20--22], 
there have been reported three other quaternary phases in the La-Ba-Cu-O system 
at 925-950~ i.e. La4BaCusO~3+8, labeled La4~5 [20, 23, 24], 
Laa-exBa2-2xCu2-xOto-2~, with 0.0<_x~_0.25 (La2u) [20, 25, 26] and 
La2-xBal+xCu20~-xn, (La212) with 0.2<_x<0.8 [7, 20, 26, 27]. 

Solid solutions of the type (Sr, Y, Ba)14Cu~404! and Y2(Ba,Sr)CuO5 were re- 
ported to exist in the Y-Ba-Sr-Cu-O system [28]. However, no quaternary 
compounds were reported in the Y-Sr-Cu-O system [29]. 

E x p e r i m e n t a l  

Solid state reactions between YBa2Cu307-s (the coefficient/5 in this article is 
only a qualitative indication of the oxygen nonstoichiometry of the oxide com- 
pounds) prepared by standard ceramic method, and La203 and SrCO3, respec- 
tively, both of p.a. quality (Merck), were performed by heat treatment of tablets 
of well homogenized powdered mixtures, for values of the molar ratio 
r=MeOn/YBCO=0.1,  0.2, 0.4, 1.0, 2.0 and 3.0, respectively, at 925+10~ 
in air, for 18-24 h in an electric furnace. The samples were allowed to cool 
slowly to room temperature, reground and subjected to a second heat treatment 
in flowing oxygen at the same temperature for 1 h, followed by heat treatment 
in oxygen at 450~ for 24 h. 
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In connection with the phase analysis of the reaction products, solid solu- 
tions were prepared: La4-2xBa2-2xCul-xO~o-x, with x=0.0  and 0.20, 
(Lal-xBax)2CuO4.-8 with x=0.075 and 0.10, La2-xBa~+xCu206-8, with x=0.2,  
0.3, 0.5 and 0.7, La- and Sr-substituted Y2BaCuOs, Ba-substituted Sr2CuO3 
and a compound with chemical composition Y(Sr0.sBa0.5)sCu3.50~o. They were 
synthetized by repeated heat treatment of well homogenized mixtures of reagent 
grade (p.a.) starting materials Y203, CuO, BaCO3," La203 and SrCO3, at 
900-950~ in air. Their X-ray diffraction patterns were used to estimate the 
degree of solid solubility in the crystalline phases resulting in the reactions be- 
tween YBa2Cu307-8 and La203 and SrCO3, respectively. 

The reaction products were characterized by their X-ray powder diffraction 
patterns obtained in Guinier-Hiigg-type focusing cameras by using CuK~ radia- 
tion (Z. = 1.54059 A) and by SEM-EDS studies in a JEOL-820 scanning elec- 
tron microscope equipped with a LINK AN-10000 EDS system using the ZAF 
program for evaluating the data. 

T a b l e  1 C r y s t a l l i n e  compounds detected in the reaction products between YBCO and L a 2 0 3  (A)  

and YBCO and S r C O 3  (B) 

�9 r = M e O n / Y B C O  Crystalline phases detected* 
(A) M e  = La 

0 . 1  

0 . 2  

0 . 4  

1 . 0  

2 . 0  

3 . 0  

(B) M e  = Sr 

0 .1  

0 . 2  

0.4 

1 .0  

2 . 0  

3 . 0  

M - YI23, 

M - Y123, 

M - Y123, 

M - YI23, 

t - Y123, 

M - Y123, 

M - Y123 ,  

M - YJ23, 

M - Y123, 

m - Y123, 

m - Y211 

m - Y211, m - L B C ,  m - La212 

m -  Y 2 ~ ,  m - L B C ,  m - La212 

m - Y211, m - L B C ,  M - La212 

M - Y21t, M - L B C ,  M - La212 

m - La21l ,  M - L B C ,  m - La212 

m - 1 5 3 . 5  

m - 1 5 3 . 5  

M - 1 5 3 . 5 ,  m - SBC,  t - (Ba j -zSrz )CuO3 

M - 1 5 3 . 5 ,  t - S B C ,  

M - 1 5 3 . 5 ,  m - S B C ,  

m - 1 5 3 . 5 ,  M - S B C ,  t - Y2(Ba~-zSr~)CuO5 

* M--major, m=minor t=trace amounts, 
LBC = (Laz-xBax)2CuO4~, with x ~ 0.075 - O. 10, 

La2t2 = La2-xBat + xCU206-s, with x ~ 0 . 2 -  0.25,  

La2H = La4..-2xBa2-2xCu2-xOlo-2x, with x ~ 0.0,  

SBC = (Srl--zBaz)2CuO3, with z ~ 0.10, and 
153.5 = a phase with approximate chemical formula of Y(Ba Sr)sCu3.5Olo~ 
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Results and discussion 

Crystalline compounds found in the reaction products according to the X-ray 
and SEM-EDS analyses are listed in Table 1. The cell parameters of the remain- 
ing Ym were determined and listed in Table 2. In order to illustrate the effect 
of a possible substitution, the cell parameters of pure YBa2Cu3OT-8, La-substi- 
tuted Y(Bao.gLao.1)2Cu307-t5 and Sr-substituted Y(Bao.gSr0.1)2Cu307-~ (corre- 
sponding to a molar ratio r=0.2), respectively, are also listed. 

Table 2 Cell parameters of the orthorhombie Ylz3-phase in the reaction products between YBCO 
and LaOi.5 (A), YBCO and SrCO3 (B) and of some reference compounds (C) 

r = MeO,/YBCO alA b/A c/A vIA 3 

(A) Me = La 

0.1 3.8217 (7) 3.8862 (8) 11.672 (2) 173.36 

0.2 3.8216 (7) 3.8869 (9) 11.676 (3) 173.44 

0.4 3.8268 (5) 3.8873 (4) 11.674 (2) 173.66 

1.0 3.8210 (2) 3.8910 (4) 11.640 (2) 173.19" 
(B) Me = Sr 

0.2 3.8207 (8) 3.8865 (7) 11.675 (2) 173.36 

0.4 3.8244 (7) 3.8840 (1) 11.678 (2) 173.50 

1.0 3.8250 (1) 3.8880 (1) 11.680 (7) 173.75 
(c) 
YBa2Cu3OT-~ 3.8240 (5) 3.8870 (5) 11.673 (2) 173.52 

Y(Bao.gLao.i)2Cu307~ 3.8285 (4) 3.8750 (7) 11.629 (2) 172.52 

Y(Bao.9Sro.i)2Cu3OT-s 3.8125 (5) 3.8790 (4) 11.653 (3) 172.33 

* Cell parameters determined from a limited number of diffraction lines 

A. YBa2Cu307-~ + La203 

Lanthanum oxide was found to react with YBa2Cu3OT-~. Reactions between 
La203 and YBCO yielded (Lal-xBax)2CuO,-8, La2-xBal+xCu206-s and La-substi- 
tuted Y2BaCuO5 for r=LaOt.dYBCO_<2.0. The amount of the remaining, or- 
thorhombic Ym-phase decreased with increasing amounts of La203 and its cell 
parameters were found to remain practically unchanged (Table 2). 

According to the data no substantial substitution of La for Ba in 
YBa2Cu307-8 occurred, except for a possible slight doping of the remaining 
Ym-phase at r=l .0 .  For r=3.0, the reaction yielded (Lal-xBax)2CuO4-8, 
La2-xBal+xCu206-8 and La2BaCuO5 with Y substituting partially for La. 

The value of x in these compounds has been estimated by comparing the 
shifts in their X-ray diffraction lines with those of additionally prepared solid 
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solutions, being about 0.075-0.10 in LBC and about 0.2--0.25 in La212. These 
values ofx were in agreement with those found by SEM-EDS measurements or 
the polycrystalline reaction products. 

A slight shift of the strongest diffraction lines of the resulting Y2H-phase to- 
wards larger d-values suggests that the lanthanum ions substitute for the smaller 
yttrium and not for the larger barium ions. SEM-EDS analysis of the Y21rphase 
in the reaction product for r=  1.0 and 2.0 indicated an average formula of 
(Y0.gLaoa)2BaCuOs. X-ray diffraction analysis of an additionally prepared solid 
solution series of samples of composition (Y~-xLax)2BaCuO5 confirmed the iso- 
morphic substitution of Y by La up to x~O. 10-0.15. The cell parameters of the 
resulting orthorhombic Y2n are listed in Table 3. For larger values of x 
polyphasic samples were obtained. On the other hand, attempts to prepare 
Y2(Bal-xLax)CuOs, with x=0.05-0.2 have failed, the product obtained was 
found to be polyphasic, containing La4BaCusO13+8, unreacted Y203 and an or- 
thorhombic La-substituted Y2H-phase. 

Table3  Cell parameters of the orthorhombie, La-substituted Y211 obtained from starting 
mixtures of composition (Yi-xLax)2BaCuO5 

x in 
(Yl-xLax)2BaCuO5 a b c/,~ V /A  3 

x = 0.00 (S) 7.1322(7) 12.179(1) 5.6597(7) 491.62 

x = 0.05 (S) 7.1395(8) 12.196(1) 5.6652(7) 493.28 

x = 0.10 (S) 7.1405(9) 12.200(2) 5.6664(9) 493.65 

x = 0.15 (P) 7.1480(2) 12.210(3) 5.6690(2) 494.82 

S =single phase-, and P =polyphasir product. 

B. YBa2Cu307-~ + SrC03 

SrCO3 was also found to react with YBa2Cu307-8: (Sr~-zBa~hCuO3, Sr-sub- 
stituted Y2(Ba~-zSrz)CuOs, with z~O. I-4). 15, trace amounts of Sr-substituted 
(Bal-zSr~)CuO2, with z~). 1-0.2 (Table 1A) and - at least one - new phase re- 
suited. 

SEM-EDS analysis of Ba-substituted (Sr~,Ba~)2CuOrphase in the reaction 
product gave an average value of z~0.1. X-ray diffraction measurements of ad- 
ditionally prepared compounds wiht z=0.0 and 0.1 confirmed this observation: 
the cell parameters of orthorhombic (Sr0.gBao.1)2CuO3 (a=12.705(1), 
b=3.9143(4), c=3.5014(4),/~ and cell volume V= 174.14/~3), have been found 
to be slightly larger than those of the unsubstituted Sr2CuO3 (a= 12.7045(1), 
b=3.9129(6), c=3.4998(4)/~ and V= 173.98A3). 
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Table 4 X-ray diffraction data for a compound with nominal composition Y(Bao.sSro.5)sCu3.5Olo~s 

Lattice spacings d/]k Relative intensities 

3.702 5 

3.626 3 

3.180 15 

3.156 5 

2.857 65 

2.822 65 

2.704 100 

2.482 3 

2.315 7 

2.119 25 

2.110 4 

2.060 25 

1.933 15 

1.891 20 

1.755 2 

1.668 20 

1.653 4 

1.645 2 

1.625 3 

1.595 23 

1.577 25 

For values of r = 0.1-2.0 the cell parameters of the Ym-phase in the reaction 
products were found to be practically unchanged, indicating that the otherwise 
common Sr-Ba substitution did not take place this way. 

A thorough SEM-EDS analysis of the polycrystalline reaction product be- 
tween YBCO and SrCO3 for r=  1.0 revealed the presence of a crystalline phase 
with an approximate cationic ratio of Yl.0~o.~)Bazsc_+o.mSr2.sc+o.20)Cu3.~_+o.~s), 
which can be an oxide or, probably, an oxide-carbonate. 

X-ray diffraction patterns of additionally prepared samples with the compo- 
sition YBa2.sSr2.sCu3.s-oxide were found to be similar with that of the unknown 
phase. A table of lattice spacings and relative intensities is given in Table 4 for 
identificational documentation. The exact composition and structure of this 
phase is the topic of ongoing work. This new phase is not identical with other 
previously reported Ba-rich phases: YBa3Cu20~, (Y~32), YBa4Cu3Os.5+8 (Y143) 
o r  Y1.o-1.33 BasCu4(C03)2014.3 (Y184). 
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Conclusion 

Reactions between YBa2Cu3OT-~ and La203 and SrCO3, at 925~ in air, at 
ambient pressure, result in decomposition of the YBa2Cu307-8. At values of 
r=MeOn/YBCO<2.0 the remaining YBa2Cu307-8 was not found to be substi- 
tuted neither by La nor by Sr. 

Substantial La/Ba and Y/La and Ba/Sr intersolubility occurs in the crystal- 
line reaction products. Reactions between YBa2Cu3OT-8 and La203 yield 
(Lal-xBax)2CuO4-5, with x~2. 075-0.10, La2-xBal+xCu206-8, with x~ .2 -0 .25  
and (Yi-xLa~)2BaCuOs, with x~-O. 1-0.15 for values of r'A_2.0. For r=3.0 Y-sub- 
stituted La2BaCuOs-phase was also detected in the reaction product. 

Reactions between YBa2Cu3OT-~ and SrCO3 result in solid solutions of type 
(Srl-zBaz)2CuO3, with z~). 1, Y2(Bal-~Srz)CuO5 with z=O. 1 - 0.15 and a com- 
pound with approximate composition of Y(Bao.sSr0.5)sCu3.50~o~8. 

The author is grateful to Prof. Mats Nygren and Prof. Lars Kilborg for valuable discussions 
and for comments on the manuscript. I wish to express special thanks to Mr. Lars G6te for X-ray 
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Zusammenfassung ~ Mittels Debye-Scherrer-Aufnahmen und Seanning-Elektronenmikrosko- 
pie wurden bei 925~ die Feststoffreaktionen zwischen dem Hoch-Tr 
YBa2Cu3OT.~ und La203 und SrCO3 in Gemischen mit eincm verschiedenen Molverhgltnis r = 
MeOn/YBa2Cu3OT-x untersueht. Die Reaktion zwisehen YBa2Cu307.s und La203 ergibt 
(Lat-~Bax)2CuO4-~ mit x~0.075-0.10, La~.~Bal +xCu206.~ mit x=0.2-0 .25  und La-versctzte 
(YI-~La~)2BaCuO5 mit x=0.10-0.15.  Fiir r=3 .0  entstcht auSerdem noeh Y-versvtztes 
La2BaCuOs. Die Reaktion zwisehen YBa2Cu307-~ und SrCO3 liefert (Srl-~Ba~)2CuO3 mit Z~0.1, 
Y2(Bal-~Srz)CuO5 mit z =0.1-0.15 sowie eine nicht supraleitende Verbindung mit einer ctwaigen 
Zusammensetzung yon Y(Bao.sSro.5)sCu3.5Olo~. Bei Wertcn yon r <9.0 wurde unter den Reak- 
tionsprodukten aueh nieht umgesetztes YBa2Cu307-6 gefunden. 
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