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A b s t r a c t  

A series of YBa2Cu~_~Alx06÷ 8 (0 ~<x ~< 0.20) samples are prepared and their morphology 
and structural properties are investigated by scanning electron microscopy energy- 
dispersive X-ray analysis and X-ray diffraction techniques. Superconducting parameters 
are obtained from the a.c. magnetic susceptibility and critical current density measurements. 
Transformation to a tetragonal phase occurs for x >~ 0.2 and T¢ decreases strongly relative 
to the orthorhombic phase. A few degrees decrease of Tc upon tetragonal phase trans- 
formation is consistent with the importance of Cu(2) planes for the superconductivity 
in these oxides. 

1. I n t r o d u c t i o n  

Triva lent  iron, cobal t ,  a lumin ium and gal l ium and divalent  nickel  and  
zinc have  b e e n  subs t i tu t ed  on  the  c o p p e r  s i tes  in YBCO and  the  effect  of  
subs t i tu t ion  on the  s t ruc tu re  and  supe rconduc t iv i ty  has  b e e n  inves t iga ted  
in tens ively  [ 1 - 6 ] .  All the t r ivalent  subs t i tu t ions  cause  an  o r tho rhombic - to -  
t e t r agona l  p h a s e  t r a n s f o r m a t i o n  nea r  3 - 5 %  concen t ra t ion .  Unlike the  oxygen-  
deficient  t e t r agona l  p h a s e  which  is n o n - s u p e r c o n d u c t i n g  the  subs t i tu t ed  
t e t r agona l  p h a s e  has  a Tc which  r em a i ns  a b o v e  liquid n i t rogen  t e m p e r a t u r e  
and  the d e p r e s s i o n  of  T¢ is typical ly  2 - 5  K p e r  a t o m  p e r  cent  o f  the 
subst i tut ion.  The re  are  two inequivalent  Cu(1)  chain  and  Cu(2)  p l ane  s i tes  
in YBCO and  the  supe rconduc t iv i ty  is i n t e rp r e t ed  by  the  subs t i tu t iona l  
o c c u p a n c y  of  Cu(1)  or  Cu(2)  sites. Subst i tu t ion  of  a lumin ium on  y t t r ium 
si tes  shows  a g radua l  change  in the  lat t ice p a r a m e t e r s  and  Tc [7]. Neu t ron  
diffract ion inves t iga t ion  of  a lumin ium-subs t i tu ted  YBCO shows  tha t  a lumin ium 
occup ie s  the  Cu(1)  cha in  s i tes  [8]. Van Dover  e t  a l .  [9] o b s e r v e d  tha t  a 
single crys ta l  of  c o m p o s i t i o n  YBa2Cu2.9oA10.1o06+8 w h e r e  8 = 1 wi th  a lumin ium 
on the  Cu(1)  s i tes  has  a t e t r agona l  p h a s e  with a s u p e r c o n d u c t i n g  t rans i t ion  
of  84 K. A s t rong  dec r ea s e  in the  u p p e r  cri t ical  field and  no rma l  s ta te  
res is t ivi ty  of  the  t e t r agona l  p h a s e  c o m p a r e d  with  the  o r t h o r h o m b i c  p h a s e  
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was observed and this decrease was explained by a twofold change in the 
Fermi surface area of the tetragonal phase. The effects of aluminium sub- 
stitution at the Cu(1) sites in the polycrystalline YBCO on the structure, 
microstructure, superconductivity, a.c. magnetic susceptibility and the critical 
current density are reported in the present paper. 

2. Exper imenta l  detai ls  

A series of oxides of compositions YBa2Cu3_xAlx06 + 8 (0 <~ x • 0.20) were 
prepared by mixing and grinding the Y203, BaCo3, CuO and Al(NO~)3 powders 
and calcining at 960 °C for 24 h. Pellets of about 3 mm thickness were 
pressed out of the calcined powder and sintered at 900 °C for 18 h and 
500 °C for 5 h in flowing oxygen at atmospheric pressure and cooled to 
room temperature at a cooling rate of I°C rain -1. The lattice parameters 
were calculated from the X-ray diffraction patterns taken on powdered samples 
at room temperature. Microstructure and the distributions of elements were 
investigated by optical microscopy, scanning electron microscopy (SEM) and 
energy-dispersive X-ray analysis (EDXA) techniques. The superconducting 
transition temperatures were determined and the superconducting behaviour 
was investigated from the temperature dependence of the zero-field magnetic 
susceptibility Xa.c.(T)= x ' (T)+  i~]'(T). An a.c. mutual inductance bridge tech- 
nique with f= 36 Hz and Iha.¢.I = 40 uT was used to monitor both 2" and ~]' 
as a function of temperature and T¢ was determined from the onset of the 
diamagnetic transition in x'(T). The critical current density measurements 
were made using four-terminal transport measurement techniques. The E 
field criterion of 50 uV cm -1 was used for the critical current density 
calculation. 

3. Resul t s  and d i scuss ion  

The X-ray diffraction patterns of the sintered pellets show different orders 
of texturing. The lattice parameters were calculated from the X-ray diffraction 
patterns of the powdered samples. The oxides of compositions 
YBa2Cu2.9~klo.0506+~ and YBa2Cu2.90Alo.lo06+8 are orthorhombic whereas 
YBa2Cu2.aoAlo.2006+8 is of tetragonal phase. 

The lattice parameters are listed in Table 1 and the plot of the lattice 
parameters as a function of aluminium concentration is also shown in Fig. 
1. It should be noted that the single crystal of composition YBa2Cu2.90Alo.1006 + 8 
where 8= 1 already transforms to a tetragonal phase [9] whereas the po- 
lycrystalline material remains orthorhombic and an orthorhombic-to-tetragonal 
phase transformation occurs for the aluminium concentrations above x = 0.10. 
The SEM investigation and EDXA imaging of the aluminium-substituted oxides 
show that aluminium is homogeneously distributed in the grains. Figures 
2(a) and 2(b) show the scanning electron micrograph and EDXA imaging 
of aluminium for YBa2Cu2.8og10.2006÷ ~. 



T A B L E  1 

L a t t i c e  a n d  s u p e r c o n d u c t i n g  p a r a m e t e r s  o f  YBa2Cu 3_~A1.O6 +,(0 -<< x .<< 0 . 2 )  
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O x i d e  L a t t i c e  p a r a m e t e r s  T¢, o,~t T~, ~.~d T~ J~ 
(/~) (K) (K) (K) ( A c m -  2) 

YBa2Cu306  +, a = 3 . 8 1 2  ± 0 . 0 0 1  95  91 2 

b = 3 . 8 6 0 - +  0 . 0 0 5  9 1 . 5  2 

c = 1 1 . 6 4 6  + 0 . 0 0 4  

YBaeCue.95Alo.o506 ÷ ~ a =  3 . 8 1 9  ± 0 . 0 0 1  92  8 9 . 5  6 5 .2  
b = 3 . 8 6 6  ± 0 . 0 0 6  

c = 1 1 . 6 5 0 _ + 0 . 0 0 5  

YBa2Cu2.9oA10.1oO6. ~ a = 3 . 8 2 5  _+ 0 . 0 0 2  9 3  92  2 3 .8  
b = 3 . 8 7 2  _+ 0 . 0 0 6  

c = 1 1 . 6 7 8  _+ 0 . 0 0 5  

YBa2Cu2.soA10.206 + 8 a = 3 . 8 5 8  _+ 0 . 0 0 5  84  81 7 1.2 
b = 3 . 8 7 4  _+ 0 . 0 2 1  

c = 1 1 . 6 4 9  _+ 0 . 0 1 2  

~Zero m a g n e t i c  f ie ld ,  77  K. 
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Fig .  1. L a t t i c e  p a r a m e t e r  a s  a f u n c t i o n  of  a l u m i n i u m  c o n c e n t r a t i o n  in  YBa2Cu3_xAlxO6+$. 

(a) (b) 
Fig .  2. ( a )  S c a n n i n g  e l e c t r o n  m i c r o g r a p h  a n d  Co) 

YBa2 Cu2.soAlo.2006 + 8. 

E D X A  i m a g i n g  o f  a l u m i n i u m  fo r  
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Fig. 3. A.c. magnetic susceptibility as a function of temperature for YBCO and aluminium- 
substituted oxides: curves A, YBa2CuaOs+8; curves B, YBa2Cu2.gsAlo.osOs+a; curves C, 
YBa2Cu2.9oAlo, loO6+$; curves D, Y B a 2 C u 2 . s o A l o . 2 o 0 6 +  ~. 

Figure  3 shows  the  real  X' and  imag ina ry  A]' pa r t s  of  the  c o m p l e x  a.c. 
m a g n e t i c  suscept ib i l i ty  X~_c. as  a funct ion of  t e m p e r a t u r e  for  the YBCO and  
a lumin ium-subs t i t u t ed  oxides .  The  s u p e r c o n d u c t i n g  p a r a m e t e r s  Tc . . . .  t, T¢, 
~d  and  the  t rans i t ion  width  ATe were  d e t e r m i n e d  f r o m  the X' and  X" p lo ts  
and  the va lues  are  l is ted in Table  1. The  YBa2Cu306+8 shows  two super -  
c o n d u c t i n g  t rans i t ions  wi th  onse t  va lues  of  95 and  91.5  K, each  hav ing  a 
t r ans i t ion  wid th  of  2 K. The  Tc, ~d value  is 91 K. YBa2Cue.9sAlo.osOs+8 shows  
T¢, onset and  To, ~d va lues  a t  92 K and  89 .5  K respec t ive ly  wi th  a t rans i t ion  
width  of  6 K. The  Tc, onset and  Tc, r~d va lues  of  the  Y S a 2 C u 2 . 9 o A l o . l o O s + 8  a r e  

93 and  92 K wi th  a sha rp  s u p e r c o n d u c t i n g  t rans i t ion  width  of  2 K. The  
oxide YBa~Cu2.soAlo.2oOs+a of tetragonal phase has lower Tc, o~t and T¢, ~d 
values of 84 and 81 K and the transition is also broad with a width of 7 
K. 

The critical current density J¢ (77 10 of the aluminium-substituted YBCO 
as a function of externally applied magnetic field is shown in Fig. 4. The 
Jc value of the aluminium-substituted orthorhombic phase oxides decreases 
rapidly upon application of an external magnetic field. A maximum decrease 
of Jc occurs with the application of about 10 Gauss and at higher fields J¢ 
remains practically constant. The zero-field J¢ values at 77 K of the ortho- 
rhombic phase YBa2Cu2.gsAlo.osOs+a and YBa2Cu2.9oAlo.loOs+8 are 5.2 Acm -2 
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Fig. 4. Critical current  density J¢ (A cm -2) as a function of magnet ic  field for YBa2Cu3_~-lxOs+~ 
for x = 0 . 0 5  (0 ) ,  x = 0 . 1 0  ( , )  and x = 0 . 2 0  (A). 

and 3.8 A cm -2 respectively as also listed in Table 1 whereas the zero-field 
Jc value is reduced to 1.2 A cm -2 for the tetragonal phase. The upper  critical 
field slope H'c211 was also found to decrease from 5 for the orthorhombic 
YBaeCu306 + ~ to 1.3 for the single-crystal tetragonal phase YBa2Cu2.90A10.t06 + 
[9]. 

The X-ray, SEM and EDXA investigations show that aluminium is homo- 
geneously distributed in the grains and does not  precipitate at the intergrain 
boundaries. Aluminium occupies the Cu(1) chain sites in YBCO and does 
not  improve the weak link behaviour as is also seen from the A/' behaviour. 
The transformation to a tetragonal phase and a few degrees decrease of Tc 
of the YBa2Cu2.soAlo.2oO6+8 is consistent with the importance of Cu(2) planes 
for the superconductivity. A strong decrease of the critical current density 
with aluminium substitution is observed for the tetragonal phase relative to 
the orthorhombic YBCO. 
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