
therm0chimica 
acta 

ELSEVIER Thermochimica Acta 292 (1997) 9-12 

Formation enthalpy and thermodynamic stability of 247 compound 
in the Y-Ba-Cu-O system 
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Abstract 

Solution calorimetry (6 N HC1 solvent, 323 K) was used to obtain the enthalpies of certain reactions including the 247 
substance (Y2Ba4Cu7Ols) on the basis of solution enthalpies of Y203, BaCO3, CuO, Y2BaCuO5 and Y2Ba4Cu7Ols. It was 
es tabl i shed  that YaBaaCu70~5 was the rmodynamica l ly  more favourable than Y203+4BaCuOz+3CuO,  
Y2BaCuO5 + 3BaCuO2 + 3CuO mixtures at room and lower temperatures, whereas, in accordance with our earlier papers, 
the 123 phase in the Y-Ba~Cu-O system was metastable. This work continues our research on thermodynamic stability of 
superconducting phases in the Y(Gd, Ho)-Ba-Cu-O systems. © 1997 Elsevier Science B.V. 
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1. I n t r o d u c t i o n  pounds, was studied in depth, as already reported (e.g. 
in [4-6,8-10]) .  There are some discrepancies on the 

In spite of  the fact that the Y - B a - C u - O  system still thermodynamic stability of  YBa2Cu408 [8-11]; also 
remains to be extensively investigated, an analysis of  no direct thermochemical  investigations of  
literature shows that there are no thermodynamic data Y2Ba4Cu7015 at all are available. 
on certain substances in the system. These data are In the present study, solution enthalpies of  several 
necessary to establish the direction of  chemical  reac- compounds of  the Y - B a - C u - O  system, including 247 
tion, to predict stability and to optimize thermal phase, have been measured. Enthalpies of  certain 
processing in high Tc ceramic superconductors, reactions and 247 formation enthalpies have been 

In our recent papers [1-3] and in those of  other obtained. Data on the YaBaaCu7015 thermodynamic 
authors [4-8], it has been established that the YBa2_ stability are reported. 
Cu3Ox phase is thermodynamical ly  unstable at room 
and lower temperatures. The phase diagram of  the Y -  
B a - C u - O  system, including 123, 124 and 247 com- 2. E x p e r i m e n t a l  

To solve the problem of  thermodynamic stability of  

*Corresponding author. Fax: 3832 35-59-60; e-mail: nata@- superconductors in the Y - B a - f u - O  system, we 
che.nsk.su, decided to start our research with the YBa2Cu3.507.5 
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(Y2Ba4Cu7Ols) compound but without 124 phase for The procedure for establishing the identity of IV and 
the following reasons. It has already been shown [2] IV' solutions was described earlier [2]. 
that the YBa2fu306. 9 phase is more thermodynami- It is possible to create the analogous cycle for 
cally stable than 123 samples with 6.4 < x < 6.8. The Y203 + 4BaCO3 + 7CuO + 0.502 =Y2Ba4Cu7Oly+- 
enthalpy of reaction, 0.5Y203 + CuO ÷ 2BaCuO2+ 4CO2,Y203 ÷ BaCO3 ÷ CuO ~-Y2BaCuO5 + CO2 
0.202 YBa2Cu306.9 (~+13.0 ~ 4.0 kJ mol l), is and other reactions. 
small enough to assume that certain phases can be The samples of substances used in direct calori- 
thermodynamically stable on slightly increasing the metric experiments weighed 0.06-0.3 g. 
oxygen content. 

We used the same technique and the same proce- 
dure for preparing and performing calorimetric reac- 3. Sample preparation 
tions as described in previous papers [2,12]. The 
dissolution of different compounds was carried out Y203, CuO, BaCO3, Y2BaCuO5 and 247 phase 
in an automatic solution calorimeter [12] in 6 N HC1 at were used for direct dissolution reactions. 
323 K. CuO and BaCO3 (both of high purity) were 

Y203, CuO, BaCO3, Y2BaCuO5 and Y2BaaCu7015 treated as described in our earlier paper [13] prior 
were used in direct calorimetric experiments. An to use. 
example of a calorimetric cycle is given below: Y203 (high purity) was kept at 650 K in air for 4 h. 

Y2BaCuO5 phase was synthesized from BaCO3, 
Y2BaCuO5 + [(10 + n)HC1]p pl CuO and Y203, in air, at 1200 K for 120 h by solid- 

= [2YCI3 + BaCI2 + CuCI2 + 5H20 state phase synthesis. 
÷ nHC1]p_pl I + AH1 (1) The synthesis of 247 phase was as follows: 

3BaCO3 + [2YCL3 + BaC12 + CuCI2 1. Calcination of high purity powder of Y203, 
÷5HzO+nHC1]p  pit BaCO3 and CuO in flowing oxygen at 1 bar 

between 1153 K and 1223 K with intermediate 
= [2YC13 + 4BaC12 + CuCI2 ÷ 8H20 regrounding. 

+ (n - 6)HC1]p_pl u + 3CO2 + 3AH2 (2) 2. Annealing of cold pressed pellets at 1273 K under 
20 bar of 02 during 36 h. 

6CuO ÷ [2YC13 ÷ 4BaC12 + CuCI2 
The density of 247 samples obtained was about 

÷8H20  ÷ ( n -  6)HC1]p_pm 85% of the theoretical value. The temperature of 
= [2YC13 ÷ 4BaCI2 + 7CUC12 + 14H20 superconducting transition was measured by AC sus- 

÷ (n 18)HC1]p_pl v ÷ 6AH3 (3) ceptibility (80 Hz, 0 . 1 0 e  RMS) as it was described 
previously [14,15]. Tc was defined as the maximum of 

YzBa4Cu7OI5 ÷ [(10 ÷n)HC1]p_pi the temperature derivative of the AC susceptibility 
curve. The field cooling effect of sample 247 was 

= [2YC13 +4BaC12 +7CUC12 ÷ 14H20 measured in a 20 Oe field, the Meissner fraction 
+ (n - 18)HC1]p_pl v, ÷ 0.502 ÷ AH4 reached 40% at 10 K. Short characterizations of two 

samples used in calorimetric experiments are given in 
(4) Table 1. 

Summing all these reactions and assuming the All the foregoing samples were characterized by X- 
identity of IV and IV' solutions we obtain: ray powder diffraction and chemical analysis. They 

were found to be single phases. The analysis of 
Y2BaCuO5 ÷ 3BaCO3 + 6CuO + 0.502 impurities in samples indicated that Gd, Ho, Dy, 

= Y2Ba4Cu7Ol5 + 3CO2 ÷ AH5 (5) Eu, Yb, La, Lu, Tm, Er, Nd, Pr, Sm, Ce, T1, Ca, 
Mg, Pb and Ag were present in amounts of 

where: AH5 = An1 ÷ 3 A H 2  + 6An3 -- AH4 10 2-10 3%. 
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Table 1 dissolution enthalpies of  both samples were equal 
Lattice parameters and temperatures of superconducting transitions within the accuracy of  measurements and so, they 
of 247 phase 

were treated as one. 
Code 247-A 247-B Taken from the literature [16] the enthalpy of  

a, ~, 3.8302 5- 0.0007 3.8329 ± 0.0005 BaCO3 = BaO + CO2 reaction allowed to evaluate 
b, ,~, 3.8779 4-0.0006 3.8780+0.0004 the YBa2Cu3.507. 5 and Y2BaCuO5 enthalpies from 
c, ~ 50.604 ± 0.008 50.604 ± 0.005 oxides: 
TJK 90.3 88.3 
ATc/K 1.5 1.7 0.5Y203 + 2BaO + 3.5CUO + 0.2502 

YBa2Cu3.5OT.5 (9) 

4. Results A r H =  -157 .3  ± 6.0kJ 

Y203 + CuO + BaO = Y2BaCuO5 (10) 
The measured dissolution enthalpies of  Y203, A r n = - 7 6 . 1  4-4.7kJ 

BaCO3, CuO, Y2BaCuO5 and YBa2Cu3.5OT.5 are as 
follows: As it was shown in our earlier papers [2,3], in order 

to solve the problem of thermodynamic stability it is 
AsH(Y203) = -390kJmol -1 ;  necessary to investigate the reaction including 
AsH(BaCO3) = -15kJmol  l; BaCuO2 phase. Hence, our data on thermodynamics 

AsH(CuO) __ _50kJmol-l . ,  of  the reaction [2,3]: BaCO3 + CuO = 
BaCuO2 + CO2 were used to calculate the values 

AsH(Y2BaCuOs) = -640kJmol -1 ;  presented below: 

AsH(YBa2Cu3.5 O7.5 ) = -785kJmol  - 1 
0.5Y203 + 2BaCuO2 + 1.5CuO + 0.2502 

Using the foregoing data, the calculation of the = YBa2Cu3.507.5 (11) 

following reaction enthalpies gave: A r H =  -22 .3  + 4.1kJ 

0.5Y203 + 2BaCO3 + 3.5CUO + 0.2502 
0.5Y2BaCuO5 + 1.5BaCuO2 + 1.5CuO 

= YBa2Cu3.507.5 + 2CO2 (6) 
q-0.2502 = YBa2Cu3.5 07.5 (12) 

ArH--  +381.7 :tz 6.0kJ A r H =  -16 .5  + 4.3kJ 

0.5Y2BaCuO5 + 1.5BaCO3 + 3CuO + 0.2502 and 

= YBa2Cu3.507.5 + 1.5CO2 (7) Y203 + BaCuO2 = Y2BaCuO5 (13) 

ArH--  +286.5 ztz 5.7kJ A r H =  - 8 . 6  ± 3.5kJ 

and From the data and entropies of  all substances 

Y203 + C u O + B a C O 3  = Y2BaCuO5 + C O 2  employed in reactions ( l l )  and (12) [12-14], it is 
(8) possible to conclude that the 247 superconductor, with 

an oxygen content equal to 15, was thermodynami- 
A r H =  +193.4 ~ 4 . 7 k J  cally more stable than the following mixtures: (1) 

Y203, BaCuO2 and CuO; and (2) Y2BaCuOs, BaCuO2 

The dissolution enthalpies of  Y203, CuO, and CuO at room and lower temperatures. 

Y2BaCuO5, BaCO3 and YBa2Cu3.507.5, used to cal- 
culate the reaction enthalpies in Eqs. (6)-(8), were 5. Conclusion 
average values of  four-to-eight calorimetric experi- 
ments. Errors were calculated for the 95% confidence In this paper, we obtained an alternative result in 
interval using Student's coefficients. Two samples of  respect to the YBa2Cu3Ox phase which was metastable 
247 phase were used in calorimetric experiments. The at room and lower temperatures. The 247 phase, with 
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an o x y g e n  con t en t  equa l  to 15, was  found  to be  [2] N.I. Matskevich, F.A. Kuznetsov, T.L. Popova, V.A. Titov, 
t h e r m o d y n a m i c a l l y  s tab le  u n d e r  s imi la r  cond i t ions ,  v.s. Kravchenko, V.E Shaburova and O.G. Potapova, 

Mendeleev Commun., 1 (1993) 29. 
As  a l ready  m e n t i o n e d ,  the  Y - B a - C u - O  sys tem phase  [3] N.I. Matskevich, 49th Calorimetry Conf., Santa Fe, New 
d iagram,  i n c l u d i n g  that  o f  123, 124 and  247,  has  b e e n  Mexico, USA, 1994, NIST Press, Gaithersburg, MD, p.102. 
extensively studied [4-6,8-10] at high temperature. In 14] J. Karpinski, H. Schwer, K. Conder, E. Jilek, E. Kaldis, C. 
o rde r  to c o m p a r e  our  resu l t  wi th  those  o f  [ 4 - 6 , 8 - 1 0 ] ,  it Rossel, H.E Lang and T. Baumann, Appl. Superconductivity, 

is neces sa ry  to ob ta in  h igh  t e m p e r a t u r e  hea t  capac i t i e s  1 (1993) 333. 
[5] z. Zhou, A. Navrotsky and J. Mater, Res., 7 (1992) 2920. 

for  the  247,  123 and  124 phases  and  the  t h e r m o d y -  [6] D.E. Morris, N.G. Asmar, J.H. Nickel, R.L. Sidand, J.Y.T. 
n a m i c  da ta  for  the  124 subs tance .  Th i s  will  be  a Wei and J.E. Post, Physica C, 159 (1989)287. 
subject of our further investigations. [7l L.R. Morss, S.E. Dorris, T.L. Lindemer and N. Naito, Eur. J. 

Solid State Inorg. Chem., 7 (1990) 327. 
[8] G.E Voronin and S.A. Gegtyarev, Physica C, 176 (1991) 
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