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Several methods of synthesis for high-Tc superconducting 
materials have been employed to prepare monophasis cu
prates with good superconducting properties. The most com
mon method of prepartion of cuprate superconductors is the 
traditional ceramic method which have been used for the 
preparation of a large variety of oxide materials.1-6 The pre
paration of YBa2Cu3O7.x material by the ceramic techniques 
typically involves mixing oxides with appropriate cap 
bonates, oxalates or nitrates and firing the mixture. Because 
the reaction proceeds by diffusionin in the s이id 아ate, tem
peratures as high as 950°C and reaction times of at least 
48h are required for obtaining well crystallized YBa2Cu3O7.x. 
A major difficulty encountered in preparing the material by 
this method is in obtaining homogeneous and dense powd
ers, even by repeated grinding and heating procedures. The 
heterogeneity of the ceramic may be responsible for poor su
perconducting properties of these compounds. Improved con
trol of the chemisry and powder morphology will certainly 
enhance those properties, and the synthesis of these oxides 
via other techniques is therefore attractive. In order to solve 
those synthetic problems, other methods such as copre
cipitation,7"11 pyrolysis of nitrate salts,12~15 hydroxides,16-18 al
koxides,19~22 acetates,23~27 and freeze drying28'32 have been 
studied.

This paper describes the preparation of ¥Ba2Cu3O7.x su
perconducting oxides by the improved gel method and de
monstrates in detail the process of decomposition of pre
cursors as well as the crystallization of various phases. To 
obtain a smooth and controlled decomposition in this 
method acetates were used as starting materials instead of 
nitrates. Nitrates of yttrium, barium and copper are probably 
not the best choice, particularly in scaling-up, because 
nitrates in the presence of an organic substance can give 
rise to an abrupt and uncontrolled decomposition of the or
ganic material, eventually leading to spontaneous combus
tion in the vessel in which the solution is being con
centrated. This method offers an attractive route for several 
reasons; better homogeneity achieved through an intimate 
mixing at the molecular level in the solution, lowering the 
synthesis temperature because of the increased reactivity of 
the mixed precursors, and a high degree of control in the 
stoichiometry of the final product.

Experimental

High purity metal acetates are obtained from commercial 

sources and analysed to determine their levels of hydrated 
water before use. Metal acetates are converted to the cor
responding oxides at sufficiently high temperatures (800-900 
°C). The amount of water has been determined according to 
their stoichiometric reaction (Gravimetric analysis). The 
YBa2Cu3O7.x precursor solution has been prepared from the 
metal acetate salts dissolved in deionized water. 0.02 m이 of 
Y(CHCOO)3 3.75HQ, 0.04 mol of Ba(CH3COO)2, and 0.06 
이이 of Cu(CH3COO)2 1.08H2O are dissolved in 500 mL of 
deionized water and the solution is stirred for several hours 
at room temperature. 0.03 mol of the tartaric acid diss이ved 
in 40 mL of water is added to the aqueous elution and 
stirred another 3-4 hours. The m이ar ratio of the tartaric acid 
to copper is made to be 1/2. The aqueous solution has kept 
in a fiimace at 80°C to evaporate water until it is gelled and 
dried. The dried gel is ground to a fine powder using a coiv 
ventional mixer or a mortar and pestle. After the resulting 
precursor (dry gel powder) is heated at 500 °C for 6 h in air 
to remove volatile anions, the powder is calcined at 875 °C 
for 12 h to form the desired compound. Post oxygen an
nealing is done at 550 °C under a flowing oxygen for five 
hours, followed by slow cooling (1 °C/min) to room tem
perature.

The evolution of the gels as a function of temperature is 
followed by thermogravimetic analysis (TGA), and infrared 
spectra (IR) are used to study the decomposition mechan
ism as well as the phase transformation. The precursors, in
termediates, and final products are characterized by powder 
X-ray diffraction QCRD). The de electrical resistance of the 
pellet is measured by the standard four-probe method using 
silver paste as electrodes.

Results and Discussion

Water has been evaporated from the aqueous solution of 
metal acetates and tartaric acid without using a vacuum dry
er. Neither precipitation nor phase separation occur during 
the formation of the gel. Thermogravimetric analysis (TGA) 
in Figure 1 shows the gradual weight loss at first until 200 
°C, then abrupt losses occur at around 200-400 °C. It means 
the major decomposition of organic compounds which cor
responds to almost half of the total weight loss. The gradual 
weight loss above 400 °C must be the decomposition of resi
dual organic compounds and carbonates formed during py
rolysis. This TGA diagram shows that most organics are re
moved by 500 °C.
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Figure 1. TGA thermodiagram for the YBa2Cu3O7x precursor.

products after heating at various temperatures, (a) precursor (b) 
350 °C for 6h (c) 550 °C for 6h (d) 800 °C for 6h.
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Figure 3. X-ray diffraction patterns of the powders heated at (a) 
room temperature, (b) 250 °C for 4h. (c) 350 °C for 4h. (d) 750 
°C for 4h. (e) 875 °C for 4h.

The IR spectra of the YBa2Cu3O7.x precursor and its cal
cination products at various temperatures show their decom
position behavior, as shown in Figure 2. In the spectra of 
the precursor, there are several absorption peaks, given in 
cm t； 3400-3100 (O-H), 2900-3000 (C-H vibration), 1400- 
1600 (C=O and C-O asymmetric stret아｝ing), 1000-1280 (C- 
C), and 680 (C-O-M; M denotes metal). Figure 2 (b) shows 
the peaks from tartaric acid and water disappear; tartaric 
acid was decomposed and water evaporated. In the Figure 2 
(c) of 350 °C, tiie bands attributed to C=O group of metal 
acetates are lost, and the peaks at 1500 cm1 and 930 cm-1 
attributed to carbonates (C-0 for CO3 2) appear. When the 
samples are heated to 750 °C, the absorption peaks of the 
carbonates become smaller, indicating the loss of carbonate 

in the heating process (Figure 2 (d)), finally leading to YBa2 
Cu3O7.x material.

The thermal treatment has been also investigated by X- 
ray diffraction analysis at different temperatures. A typical 
X-ray diffraction pattern of the precursor in Figure 3 (a) 
shows the broad peaks with low intensities, which suggests 
an amorphous state of the precursor and this material does 
not have long range order. The peaks corresponding to 
Y2O3, CuO, BaCO3 are identified at 250 °C and 350 °C 
(Figure 3 (b)-(c)). Superconducting phase was found to be 
present together with other second phases such as BaCO3, 
CuO, Y2O3, Y2BaCuO5, and BaCuO2 at 750 °C, as shown 
in Figure 3 (d). There exists only tetragonal 123 phase in 
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the powder X-ray patterns heated at 875 °C for 12 hours as 
shown in Figure 3 (e). The formation of phase-pure 123 
phase can be achieved at lower sintering temperature com
paring to other methods. The precursor prepared using this 
gel method forms the 123 phase at least 50 °C lower tem
perature than that of other method due to the fine grain and 
intimately mixed microstructure of the material. The tem
perature dependence of the resistance was measured by the 
standard four probe method. A superconducting transition 
(on set) occurred from 92 to 84 K.

In conclusion, ultrafine and homogeneous YBa2Cu3O7.x su
perconducting material has been prepared successfully using 
an aqueous metal acetates and a tartaric acid. Water was re
moved from the aqueous solution of metal acetates without 
using a vacuum dryer. An amorphous state of the precursor 
was confirmed by X-ray diffraction analysis. Acetates were 
converted to carbonates when the precursor was heated to 
350 °C. The carbonates disappeared slowly at higher tem
peratures. TGA diagram showed most organics were re
moved by 500 °C. The YBa2Cu3O7.x phase is already formed 
at 750 °C with other second phases. The formation of high 
purity 123 phase with a grain sizes about 1 to 3 |丄m was 
achieved at relatively low sintering temperature of 875 °C 
due to the fine particles and the increased reactivity of the 
microscopically mixed precursor.
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