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Optimization of critical current density of bulk 
YBCO superconductor prepared by 
coprecipitation in oxalic acid 
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YBa2Cu307-x(YBCO) superconductor powder was prepared from mixtures of solutions 
containing yttrium, barium, and copper nitrates by coprecipitation in oxalic acid. Single-phase 
YBCO was obtained from a solution mixture of 14 vol% excess of barium nitrate and 12 vol% 
excess of copper nitrate relative to the stoichiometry of YBCO. The optimal pH in the 
coprecipitation process was determined to be 6.6-6.7 which was obtained by using 12 vol% 
excess oxalic acid anhydrous solution of the required oxalic acid to convert all metal cations to 
oxalates and adding a dilute ammonium hydroxide solution. The measurement of critical current 
density, Jc, of bulk YBCO prepared by the coprecipitation, showed a trend that the Jc increased 
together with the degree of orthorhombic distortion of YBCO phase which depended on the 
sample density and the content of impurity phases. 

1. Introduction 
A variety of applications of bulk high-temperature 
superconductors has been hampered by low transport 
critical current density, Jc, and sensitivity to weak 
magnetic fields due to the weak-link coupling between 
grains [1-4]. Because the parameters considered to 
weaken the intergranular coupling include porosity 
[5], microcracks [6], and impurities at grain bound- 
ary [7], the Jc of the bulk ceramic high-temperature 
superconductors is likely to depend upon sample 
density, grain size, and volume fraction of the super- 
conducting phase. Indeed, it is known that an 
optimum Jc of bulk YBazCu3OT_x(YBCO) supercon- 
ductor is obtained from samples of an intermediate 
density [5, 8, 9], a fine grain size [8, 10], and an ab- 
sence of the commonly observed non-superconducting 
phases such as YaBaCuOs, BaCuO2, Y2Cu2Os, and 
CuO [11, 12], The optimization of these material 
properties to achieve high d~ is expected to be deter- 
mined by starting YBCO powders. In this context, 
comparative studies of YBCO powder synthesis 
methods [13-16] suggest that the solution-derived 
powders with a narrow distribution of particle sizes 
and a homogeneity of composition are attributed to 
high Jo of YBCO samples. These properties are gov- 
erned primarily by the YBCO powder processing 
parameters such as starting chemicals and calcination 
temperature and atmosphere. 

Previously, we have compared the do of bulk YBCO 
prepared from various powder processing routes, 
namely solid-state reaction, citrates route, and 
coprecipitation in oxalic acid [17]. Among them, the 
YBCO synthesized from the coprecipitation method 

showed superior superconducting properties. Never- 
theless, the oxalate coprecipitation method involves 
difficulties for a complete precipitation of all com- 
ponents, difficulties which are closely related to the 
control of pH in the copreclpitation process [18, 19]. 
The pH of the oxalate coprecipitation process is affec- 
ted by the amount and type of precipitants, titrating 
solutions, and starting chemicals. The purpose of the 
present study was to manipulate these processing 
parameters to optimize the Jo of bulk YBCO super- 
conductor. 

2. Experimental procedure 
The starting chemicals for YBCO were Y(NO3)3' 
6 H 2 0  , Ba(NO3)2, and Cu(NO3)' 5/2H20.  Each of the 
nitrates was dissolved separately in deionized high- 
purity water to form 0.2 M solutions and then com- 
bined in various ratios to obtain the stoichiometry of 
YBCO after calcination. The coprecipitation was per- 
formed by pouring the solution into 1 M oxalic acid 
solution (of excess amount relative to that required to 
convert all metal cations to the oxalates) which was 
vigorously stirred. The oxalic acid anhydrous and the 
oxalic acid dihydrate were used as precipitants. The 
pH of the coprecipitation was varied by adding differ- 
ent amounts of dilute ammonium hydroxide solution 
which consists of 40 vol % ammonium hydroxide and 
60 vol % deionized water. The precipitate was allowed 
to stand overnight and then centrifuged. The resulting 
precipitate was washed with deionized water and re- 
centrifuged. After the second centrifuging, the precip- 
itate was dried at 90 ~ for 20 h in a vacuum oven. The 
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pale blue agglomerates were broken by alumina 
mortar and pestle before calcination. 

Initially, the dried powders were heated at 600 ~ 
for 5 h in air, then were further calcined at 820 ~ for 
1 h, and then furnace cooled in 10 mm Hg flowing air. 
The resulting powders of about 15 g batches were 
ground by alumina mortar and pestle to pass the 325 
mesh sieve. Specimens of a cylindrical shape (4 mm 
diameter and 20 mm long) were prepared by isostati- 
cally pressing the powders under 340 MPa, The 
pellets were sintered at temperatures ranging from 
90(~950 ~ for various times and annealed at 450 ~ 
for 5 h during cooling in flowing oxygen. The phases 
in the calcined powders and the sintered samples were 
examined by X-ray diffraction (XRD) with CuK~ radi- 
ation. The density was determined by measuring di- 
mensions and weight of sintered specimens. Jo was 
measured by a d.c. four-probe method with the 
1.0 ~tV cm- 1 electric field criterion in liquid nitrogen. 
Indium solder was attached as a contact. 

3. Results and discussion 
For the preparation of YBCO single phase it is a com- 
mon practice to add excess amounts of barium and 
copper nitrates [18, 20] to alleviate the problems con- 
cerning the oxalate coprecipitation method, that is, 
the solubility of the barium salt at low pH and the 
complexation of copper in the presence of excess 
oxalate [21]. In the previous study [17], a 100 ml y3+: 
228 ml Ba 2+ :335 ml Cu -'+ nitrates solution ratio ren- 
dered a good-quality YBCO powder by coprecip- 
itation in an essentially neutral solution, i.e. a pH near 
7, which gives a very low ionic strength [22]. Thus the 
ratio was fixed throughout the present investigation. 

XRD patterns for as-dried powder after coprecip- 
itation and powders calcined at different temperatures 
are shown in Fig. I. The complex XRD pattern of 
as-dried powder indicates that the precipitated pow- 
der contains several phases. Horowitz et al. [16] have 
reported that the powders prepared by the coprecip- 
itation were a mixture of the barium nitrate, copper 
oxalate, and an unidentified phase. In addition to the 
nitrate and the oxalate, yttrium nitrate and barium 
oxalate were identified, whose main peaks are posi- 
tioned at 20 of 16.1 ~ and 24.7 ~ respectively, in Fig. 1. 
Thus the dried precipitate was composed of oxalates 
and nitrates of the constituent metal cations. The 
XRD pattern of the dried powder in Fig. t is different 
from that obtained from the oxalate coprecipitation 
by using metal carbonates as starting chemicals [22], 
where the precipitate was reported to consist of either 
individual metal oxalates or their solid solutions. Dur- 
ing the calcination in air, the copper oxalate decom- 
posed to CuO in the temperature range 230-260 ~ 
After completion of the reaction, only CuO peaks 
were observed, which indicates the CuO solid solution 
was formed in this temperature range. The CuO solid 
solution was dissociated to form the BaCO3 phase at 
400 ~ and the Y203 phase at temperatures ranging 
from 500-600 ~ Accordingly, the powder calcined at 
600 ~ in air consists of an intimate mixture of Y203, 
BaCO3, and CuO. The XRD pattern obtained after 
calcination at 600~ in air coincides with that ob- 
tained from the oxalate coprecipitation of metal car- 
bonates after calcining at 700 ~ in oxygen [22]. 

Fig. 2 exhibits the effect of pH, which was varied by 
adding different amounts of dilute NH3OH solution 
as the titrating agent, on the phase purity of YBCO 
sintered at 900~ for 8 h in oxygen. Here, 160 ml 
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Figure ] X-ray diffraction patterns of as-dried and calcined powders of YBCO, prepared by coprecipitation in oxalic acid, at different 
temperatures in air. 
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Figure 2 Influence of pH change, obtained by adding different 
amounts of dilute NH3OH solution, on the phase purity of bulk 
YBCO after sintering for 8 h at 900 ~ in oxygen. 
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Figure 3 Influence of pH change, obtained by adding different 
amounts of 1 M anhydrous oxalic acid solution, on the phase purity 
of bulk YBCO after sintering for 8 h at 900 ~C in oxygen. 

anhydrous oxalic acid was used as a precipitant. As 
shown, the pH of 6.58, which was obtained by adding 
60 ml dilute NH3OH solution, led to the formation of 
a pure YBCO. As the pH was lowered to 6.44 with 
55ml dilute NHaOH solution, Y2BaCuO5 (211) 
phase and the unreacted CuO were formed as impu- 
rity phases. As the pH was raised to 7.51 with 65 ml 
dilute NH3OH solution, no 2 1 1 phase was found, but 
the unreacted CuO was found as an impurity. 

The effect of pH change on the phase purity by 
adding different amounts of the titrating solution in 
Fig. 2 was not consistent with that by using different 
amounts of precipitant as shown in Fig. 3, where the 
pH was varied to 6.44, 6.58, and 7.39 by using 180, 160 
and 135 ml 1 M anhydrous oxalic acid solution, respec- 
tively. In Fig. 3 the amount of the dilute NH3OH 
solution was fixed at 60 ml throughout the coprecip- 
itation processes. The amount of 1 M oxalic acid solu- 
tion, required to convert the metal cations to oxalates, 
is 143 ml assuming that all the metal cations in the 
nitrate solution mixture were precipitated as oxalates. 
The use of 135 ml oxalic acid solution, which is less 
than the required amount, stemmed from the fact that 
the precipitates consisted of oxalates and nitrates in 
Fig. 1. Usually an excess amount of oxalic acid 
ranging from 13 80 vol % is added for the preparation 
of YBCO powder by the oxalate coprecipitation 
[16, 23, 24]. In Fig. 3 the pH of 6.44 caused barium 
copper yttrium carbon oxide (Ba3.2Cu1.TYo.806.1 .x 
CO2) and 2 1 1 phase to form as impurities and the pH 
of 7.39 resulted in the formation of the impurity 
phases of 2 1 1 and CuO. 
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Figure 4 X-ray diffraction patterns of bulk YBCO, prepared by 
using different precipitants in coprecipitation processes, alter sinter- 
ing for 8 h at 900 ~ in oxygen. 

The phase purity of the YBCO also depended on 
the type of precipitant, Fig. 4. When the same amount 
(160 ml) of 1 M oxalic acid dihydrate solution was used 
as the precipitant instead of the anhydrous oxalic acid, 
there was only a slight change in the pH, that is, from 
6.58 to 6.53, but the oxalic acid dihydrate produced 
the unreacted CuO. Even with the identical pH of 6.44 
in Figs 2 and 3, which was obtained by adding differ- 
ent amounts of titrating agent and precipitant, the 



resultant phases were totally different. Thus the phase 
purity of YBCO did not directly depend on the pH of 
the coprecipitation process, but rather on procedures 
to change the pH. 

The Jc of the samples in Figs 2 and 4 was plotted as 
a function of the magnetic field, Fig. 5. As expected, 
the minor impurity phases led to a drastic decrease in 
Jc of the bulk YBCO samples. At zero magnetic field 
the YBCO, prepared by precipitation in the oxalic 
acid dihydrate, exhibited the highest Jr As the mag- 
netic field was applied, however, YBCO, which was 
prepared using the anhydrous oxalic acid at pH 6.58, 
showed the highest value due to the absence of the 
impurity phases as expected from the XRD patterns in 
Figs 2-4. The sample of pH 6.44 gave the lowest Jc 
because of the existence of the 2 l 1 and CuO impurity 
phases. This indicates that the 2 1 1 phase is more 
detrimental to Jo than CuO. The XRD patterns of the 
samples o f pH  7.51 in Fig. 2 and the samples obtained 
by using oxalic acid dihydrate in Fig. 4 show that 
there is a nearly same amount of CuO content in each 
sample. Nevertheless, the J~ values of these samples in 
the weak magnetic field were considerably different, 
Fig. 5. This implies that the amount of unreacted CuO 
content in YBCO is not a major factor in determining 
J~, even though the existence of the impurity lowers Jc 
of bulk YBCO. 

The YBCO samples, prepared with pH 6.58, were 
sintered at 900~ for various times in oxygen and 
their Jc values are plotted in Fig. 6. The maximum J~ 
of 460 A cm -2 at zero field was obtained from the 
sample whose density was 4.96 g cm - 3 by sintering for 
5 h. At a magnetic field above 100 G, however, YBCO, 
(density 5.24 g cm-  3) on sintering for 8 h exhibited the 
highest Jc, followed by the sample with a density of 
5.34gcm -3 obtained by sintering for 10h. This is 
consistent with the reports [5, 13] that Jc of YBCO is 
highest with an intermediate density, which optimizes 
the oxygenation of YBCO and the connectivity of the 
YBCO grains. 

The sample with a density of 4.96 g cm -3, whose 
diameter was 3.40 ram, was ground to a rectangle of 
1.4 mm x 2.8 mm in order to determine the sample- 
dimension dependence of Jo. In accordance with the 
earlier reports [24, 25], Jr increased as the cross- 
sectional area of the specimen decreased, Fig. 6. The 
sample-dimension dependence of Jo disappeared in 
a magnetic field over about 100 G. Thus, Jr values in 
zero magnetic field do not represent the current trans- 
port property of bulk YBCO. This suggests that 
a comparison of the current transport property of the 
bulk YBCO samples should be made with J~ values 
measured in a magnetic field of 100 G or higher. 

The 100 G values of Je of the YBCO samples in 
Figs 2-6 are plotted as a function of orthorhombic 
distortion in Fig. 7. The orthorhombicity is governed 
by the oxygen content in YBCO and the phase purity 
of YBCO specimens [26]. A low oxygen content and 
the existence of non-superconducting phases results in 
a small orthorhombicity. The degree of orthorhombic 
distortion was determined by comparing the splittings 
of {200} and {! 23} peaks from the sintered samples 
with those from the YBCO powder of Wong-Ng et aI. 
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Figure 5 Critical current density at 77 K of the specimens in Figs 
2 and 4 as a fnnction of the magnetic field, pH: (O) 6.64, (e) 6.58, ([3) 
7.51 (A) Oxalic acid dihydrate. 
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Figure 6 Influence of sample density of bulk YBCO on critical 
current density, Jc, at 77 K. The sample geometry dependence of 
J~ is shown for the specime~ with a density of 4.96 g cm -3.  Density: 
(O) 4.96 g cm- 3, (O) 5.24 g cm 3, ([Z) 5.34 g cm- 3: (zS) 1.4 mm x 2.8 
I T l m .  

[27]. As shown in Fig. 7, there was a tendency for 
Jc determined in a magnetic field of 100 G to increase 
with increasing orthorhombic distortion. Accordingly, 
an optimal J~ of bulk YBCO can be obtained by 
increasing the orthorhombicity which depends on the 
properties of YBCO powders. Furthermore, the 
current transport property of bulk YBCO can be 
reasonably predicted by measuring the orthorhombic 
distortion of sintered samples from XRD data. 

4. Conclusions 
Optimal coprecipitation conditions for the prepara- 
tion of YBCO single phase appeared to be the addi- 
tion of excess amounts of barium (14 vol %) and 
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copper (12 vol %) nitrates and 12 vol % exccss of the 
required anhydrous oxalic acid to convert the metal 
cations to oxalates and a pt:l of 6.6-6.7, which was 
obtained by adding 60 ml of a dilute ammonium hy- 
droxide solution for a 663 ml nitrate solution mixture. 
It was shown that the Jr values of YBCO bulk samples 
measured in a magnetic field above 100 G eliminated 
the inftucnce of thc sample dimensions on the deter- 
mination of ,I~. The YBCO bulk specimen prcpared 
from the optimally processed powder exhibitcd a criti- 
cal current density, Jr of 250 A cm- 2 at 77 K in a low 
magnetic field of 100 G. It was observed that J~ 
of bulk YBCO superconductor in a magnetic tield of 
100 G tends to increase as thc orthorhombic distor- 
tion increases. The orthorhombic distortion was high 
for the samples with pure YBCO phase and an inter- 
mediate density. 

R e f e r e n c e s  
1. J. W EKIN,  A I. B R A G I N S K I ,  A. J. PANSON.  M. A 

J A N O C K O .  D. W. C A P O N E  11. N J ZAI .UZEC.  
B. FI, A N I ) E R M E Y E R .  O. t'. d e l , l M A ,  M. H O N G .  J. KWO, 

and S. H. LIOU,  J. Appl. Phys. 62 (1987) 4821. 
2. J . w .  EKIN,  Adv. Ceram. Mater. 2 (3B) (1987) 586. 

3. D. C. I . A R B A L E S T I E R .  M. I ) A E U M I , I N G ,  X. CAl ,  J. 

S E U N T J E N S .  J. M c K I N N E L L ,  D. H A M P S I I I R E .  P. I, EE, 

C. M E I N G A S T . ' I .  W I L I , I E S .  H. M U L L E R .  R D. RAY. R 

(]. D I I , L E N B U R G ,  E. E. H E I . L S T R O M ,  and 

R. JOYNT,  J. Appl. Phys. 62 (1987) 3308. 
4. J . F .  K W A K .  E. L. V E N ] t J R I N I ,  P. J. N I G R E Y  and I). S. 

GINLI: 'Y, Phys. Re~:. B37 (1988) 9749. 

5. N MeN AI,I. ORD,  W. J. C L E G ( i ,  M. A I I A R M E R .  J D. 

B I R C H A I , L  K. K E N D A L l  anti I). 1-I JONES,  Nature 332 

(1988) 58. 
6. S, N A K A H A R A ,  G J F I S A N [ C K ,  M t.. r A N ,  R. B, VAN 

I)O V E R and 7. B O O N E, J. Crystal Growth 85 (1987) 639. 

7. D . M .  KROECiER,  ,l. Metals 41(1) (19891 14. 
8. K. NO. J D. V E R I t O E V E N ,  R. W, McCAI. I ,  UM and E. D. 

GIBSON,  IEEF 7)'ans. Magn. 25 (1989)2184. 

9. G P A T E R N O .  C. AI ,VANI .  S. C A S A I ) I O ,  U. G A M B A R -  

DELI .A and I.,. M A R I T A T O ,  ibid. 25 (1989)2276. 
I(1. M. K U W A B A R A  and H S H [ M O O K A ,  Appl. Phys. Lett. 55 

(1989) 2781. 
t l .  M. REISSNER.  W. STEINER,  R, STROH,  S. H O R H A G E R ,  

W. S C H M I D  and W. WRUgS,  Physica (" 167 H990)495.  

12. I. B I ,OOM.  B. S. TANI ,  M. C. I IASt t .  D. S i l l .  M. A. PA- 

IL l , ,  K ('. G O R E T T A .  N. C H E N  and D. W. C A P O N E  II, 

J. Mater. Res. 4 (1989) 1093. 
13. T. G O T O  and M. KADA, ibid. 3 (1988) 1292. 
14. K. S A W A N O ,  A. H A Y A S H I ,  T. A N D O ,  T. I N U Z U K A  and 

H K U BO. in "Ceramic  Superconduc tors  II", edited by M. F. 

r a n  (American Ceramic  Society, Westervil le.  OH,  19881 p. 

282. 

15. E. A. HAYRI ,  M. G R E I ! N B L A T T ,  K. V. RAMA- 

N U J A C I I A R Y ,  M N A G A N O .  J. O L I V E R ,  M. J M I C E L I  

and R G E R H A R D T ,  J. Mater. Res. 4 (1989) 1099. 

16. II. S. t l O R O W I T Z .  R. K. BORI) IA ,  C. C. T O R A R I ) I ,  K . J .  

M O R R I S S E Y .  M. A. S U B R A M A N I A N .  E. M. McCAR-  

RON, J. B. M I C I I E I , .  T. R. ASKEW.  R. B. I. L I P P E N ,  J. D 
BOLT and U. C H O W D I I R Y ,  Solid State lonics 32/33  (1989) 

1087. 

[7. D - J .  KIM and H.-L. KIM. unpubl i shed  xvork (1990L 
18. K. K A N E K O .  I1. IHARA.  M. H I R A B A Y A S I l I .  N. 

F E R A I ) A  and K. S E N Z A K I ,  Jpn. J. Appl. Phys. 26 (1987) 

L734. 

19. H. II. WANG.  K . I ) . C A R I , S O N .  U. GI(ISER. R . J , T t I O R N ,  
11. I. KAO. M. A. BEN() .  M, R M O N A G H A N .  T J AI,- 

LEN. R, B. P R ( ) K S C H .  I). L. STL?PKA, J. M. W I L I , I A M S ,  

B. K. I. L A N I ) E R M E Y E R  and R B. P O E P P I ! L  1nor 9. Chem. 
26 (1987) 1474. 

2(1. A. M A N T H I R A M  and J. B. G O O D E N O U G I I ,  Nature 329 
(1987) 701. 

21. R.J .  CLAR K, W. J. WAI, LACt-  and J. A. I,E UPIN,  in "High-  

Tempera tu re  Superconduc t ing  Mater ia ls" .  edited by W. E. 

I la t f ie ld  and  J. H. Mil ler  Jr (Marcel  Dekker ,  New York,  1988) 

p. 153. 

22. P. K. G A L I , A G H E R  and D. A. I - I ,EMING,  Chem..'vlater. 
I (1989) 659. 

23. x.  Z W A N G .  M. H E N R Y ,  J. L I V A G E  and I. R O S E N M A N ,  

Solid State Commun. 64 (19871 881. 

24. R. K O R M A N N ,  F. L A I N E E .  J - P .  G A N N E  and B. 
LLORET,  in "Proceedings  of the 1st European  Ceramic  So- 

ciety ( 'onference",  Vol. 2, Maastr icht ,  June 1989, edited by G. 

deWith ,  R. A. Terpst ra  and R. Metse laar  (Elsevier Applied 
Science, New York, 1989) p. 441. 

25. N. I M A N A K A .  H. IMAI  and G. ADACHI ,  Jpn. J. Appl. Phys. 
28 (19891 L2158. 

26. J . R .  SPANN,  1. K. LLOYD.  M. K A n N  and M T. CIIASE,  

.I. Am. Ceram. .%c. 73 (1990) 435. 
27. W. W O N G - N G .  R. S. ROTt t ,  L. J. S W A R T Z E N D R L ' B E R ,  

L. L B E N N E T T ,  C. K. C H I A N G .  F. BEECH and C. R 

t lU BIL~,RD, Adv. Ceram. Mater. 2 (3B) (1987) 565. 

Received 23 June 1992 
and accepted 24 February 1993 

4748 


