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Abstract: Ba

1-x

K

x

BiO

3

 (BKBO) samples with 0.315≤ x≤ 0.6 were synthesized at a relatively low temperature of 260 °C by molten 

salt method. The superconductivity was tested in the whole range of x value, the highest superconducting transition temperature T

c 

= 

30.6 K at x = 0.4. X-ray Diffraction patterns reveal that small amount of impurity phase of BaCO

3

were detected in BKBO which is 

attributed to the reactions between Ba(OH)

2

·8H

2

O and CO

2

 in air. The plate-like morphology of BKBO was observed from SEM

images. For comparison, sol-gel method was also used in synthesizing Ba

0.6

K

0.4

BiO

3

 sample, but no single phase of BKBO was 

obtained. For the sample of Ba

0.6

K

0.4

BiO

3

 prepared by molten salt method, the thermostability was investigated by thermo-

gravimetric analysis (TGA) and annealing treatment, and the sample was decomposed at 400 °C . The result showed that 

Ba

0.6

K

0.4

BiO

3

 was thermally unstable above 400 °C.
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Since the superconductivity in Ba

1-x

K

x

BiO

3

 (BKBO) sam-

ples was discovered in 1988

[1,2]

, lots of experimental and 

theoretical researches about this kind of bismuthate have been 

carried out. The superconducting transition temperature of 

Ba

0.6

K

0.4

BiO

3

 reaches 31 K which was considered to be the 

highest at that time. BKBO superconductor received great at-

tention for its several predominant properties, such as the ab-

sence of transition metal elements, three-dimensional 

perovskite structure and the isotropism, which is more con-

venient to explore the superconducting mechanism in this 

system. Low sintering temperatures or some special prepara-

tion techniques are needed because of instabilities of BKBO 

samples at high temperatures. Up to now, electrochemical 

growth from melts process

[3,4]

, high temperature high pressure 

technique

[5]

, the sputtering method (film)

[6]

, molecular beam 

epitaxy (MBE) techniques (film)

[7]

, pulsed-laser deposition

(film)

[8]

, thermal evaporation

[9]

, direct precipitation from KOH 

melt

[10,11]

 and molten salt method

[12]

 are extensively used in 

preparing BKBO superconductors. In this paper, the super-

conducting samples of BKBO will be prepared adopting both 

sol- gel method

[13]

 and molten salt method. The effects of pre-

paring conditions on the crystal structures and microstructures 

will be studied by XRD and SEM measurement. Although 

many references pointed out the instabilities of BKBO super-

conductor, there is still lack of concrete analysis, so the ther-

mal analysis of DSC-TGA will be also carried out to reveal 

the stabilities of Ba

0.6

K

0.4

BiO

3

 samples.

1 Experiments

Adopting molten salt method, raw materials, 

Ba(OH)

2

·8H

2

O, Bi

2

O

3

 and NaBiO

3

·2H

2

O, were dissolved into

liquid KOH in a Teflon crucible at 260 °C in air. The KOH 

here would act as both the source of K and molten salt. To 

obtain the crystals with various contents of potassium, the 

mole ratio of NaBiO

3

·2H

2

O to Bi

2

O

3

 had to be accommodated.

Detailed synthesis procedures of Ba

0.6

K

0.4

BiO

3

 samples are as 

follows:

Firstly, 20 g KOH was held at 260 °C for 0.5 h in a Teflon 
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crucible. Then 1.85 g Ba(OH)

 2

·8H

2

O, 1.11 g NaBiO

3

·2H

2

O 

and 0.68 g Bi

2

O

3

 were mixed well in the agate mortar, and dis-

solved into the melted KOH. After maintained at 260 °C for a 

certain time, the liquid KOH in the crucible was poured out 

while the crystal was kept. Cooling to room temperature, the 

samples were washed 5-10 times using distilled water, and 

twice using ethanol. Finally, the wet powder samples were 

dried at about 75 °C for 24 h in air.

Adopting sol-gel method processes, BaCO

3

, K

2

CO

3

 and 

Bi

2

O

3

 were weighed in the stoichiometric proportion of 

Ba:K:Bi = 0.6:0.4:1. Then they were gradually dissolved into 

the heated propionic acid and mixed steadily. The excess of

propionic acid was removed by vaporization until a sticky 

resin appeared. This liquid was cooled down, resulting in a 

resinic precursor. It was heated from room temperature to 500

°C for 5 h to decompose the organic compounds. At this step, 

the precursor was free of organic compounds, and no crystal-

line structure was observed. The product was ground and used 

as precursor for further annealing. The precursor of 

Ba

0.6

K

0.4

BiO

3

 was then treated in oxygen and Ar atmosphere 

for 10 h at 720 °C, respectively. After cooling, the powders 

were reground and pressed into pellets with 2-3 mm in thick-

ness and 10 mm in diameter, and then treated again in Ar at-

mosphere for 10 h at 720 °C, followed by the finial annealing 

at 400 °C for 10 h in oxygen atmosphere. 

A Philips X’Pert MRD X-ray diffractometer with CuKα ra-

diation was used for XRD patterns. The morphology of 

BKBO was determined by an environmental scanning electron 

microscope (ESEM). The magnetic properties were examined 

in the temperature range between 5 K and 50 K by SQUID 

magnetometer (Quantum Design MPMS) in an applied mag-

netic field of 3980 A/m.

2  Results and Discussions

Fig.1 shows the XRD patterns of BKBO samples prepared 

for different sintering time. In Fig.1a, the main phase can be 

indexed by the cubic perovskite structure in the samples syn-

thesized for between 5 h and 25 h. Impurity phase of BaCO

3 

can also be observed which formed from the Ba(OH)

 2

·8H

2

O 

and CO

2

 in air at low temperatures around 75 °C. At 260 °C, it 

was hard to decompose and finally remained in the products. 

The magnified view of the diffraction patterns for (110) peaks 

are displayed in Fig.1b. (110) peak shifts towards higher dif-

fraction angles with time prolonging, indicating a decrease of 

the lattice constants of BKBO and an increase of the K content 

in BKBO. The high-purity Ba

0.6

K

0.4

BiO

3

 sample which we 

supposed to synthesize is obtained when the sintering time 

reached 19 h. The samples sintered for 5, 15, 25 h are proved 

to be Ba

0.685

K

0.315

BiO

3

, Ba

0.685

K

0.315

BiO

3 

and Ba

0.534

K

0.466

BiO

3

, 

respectively. A further increasing of the sintering time such 

as 32 h would lead to the volatilization of KOH and the 

decomposition of BKBO. In this case, Bi

2

O

3

 and BaCO

3

 be-

come the main phases and only a small amount of BKBO

Fig.1 XRD patterns of the BKBO samples for different sintering

time: (a) 20°≤2θ≤90° and (b) 28.8°≤2θ≤30.8°

phase can be detected. 

The magnetic measurement data shown in Fig.2 confirms

the successful synthesis of BKBO samples sintered for 5-32 h,

showing bulk nature of superconductivity. The highest super-

conducting transition temperature is 30.6 K in the sample of x

= 0.4. These results are consistent with those obtained by Y. 

Nagata et al

[14]

.

A typical SEM image for Ba

0.6

K

0.4

BiO

3

sample is displayed 

in Fig.3. Homogeneous crystal grain with layered structure 

can be recognized to be general microstructures in BKBO 

samples obtained by molten salt method. The average particle 

size for Ba

0.6

K

0.4

BiO

3

 is around 700 nm.

In the samples of BKBO superconductors synthesized by 

molten salt method, the content of potassium is related to the

Fig.2  Temperature dependence of magnetization for the BKBO

samples, and insert shows magnified view of the super- 

conducting transition
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Fig.3  Typical SEM image for Ba

0.6

K

0.4

BiO

3

 sample

relative quantities between Ba(OH)

2

·8H

2

O and KOH, the mole 

ratio of NaBiO

3

·2H

2

O to Bi

2

O

3

 in the raw materials and the 

sintering time. Single phase BKBO samples with 0.315≤x≤0.6 

can be received by accommodating the influencing factors 

mentioned above.

Except for the molten salt process, many other methods can 

be applied in preparing BKBO superconductors. L F Mattheiss 

et al

[1]

 successfully synthesized superconducting BKBO 

compounds by solid state reaction at 900 °C. For the volatili-

zation of K

2

O, extra amount of K was added in the raw mate-

rials. Even in this case, the compound was proved to be 

multi-phases whereas the transition temperature was 22 K and 

only 4% volume fraction displayed Meissener effect. 

In this paper, we tried to prepare BKBO using sol-gel 

method and Fig.4 shows the M-T curve of this sample. Al-

though its transition temperature displays to be higher than 

that prepared using molten salt method, the diamagnetic signal 

is nearly several thousand times smaller. Analyses together 

with the X-ray diffraction patterns suggest that single-phase 

BKBO can not be obtained in this process. Accommodations 

of sintering temperature, atmosphere and time are explored for 

future investigation. It is still impossible to prepare single 

phase BKBO by sol-gel method. Two main reasons should be 

taken into account for the failure: the volatilization of potas-

sium oxide and the instability of BKBO at high temperature. R. 

J. Cava et al

[2]

 modified the solid state reaction and succeeded

Fig.4 Temperature dependence of magnetization for the BKBO

sample prepared by Sol-Gel

in synthesizing Ba

0.6

K

0.4

BiO

3

. Their process was as follows: 

the raw materials were sealed in the silver tube with an addi-

tional excess of KO

2

, sintered at 675 °C for 3 d, and then an-

nealed the product at 475 °C in O

2

 atmosphere. Compared 

with our molten salt method, this process is more complicated.

The investigations about the stability of Ba

0.6

K

0.4

BiO

3

synthesized by molten salt method were also carried out. Fig.5 

displays the DSC and TGA curves of Ba

0.6

K

0.4

BiO

3

 powder. 

Endothermic changes appeared at 57.3 °C and 71.3 °C ac-

companied with great mass change. This part corresponds to 

the evaporation of water in the sample. A slow endothermic 

process can be observed at the temperature range from 250 °C

to 550 °C. Steady and sharp weight loss happened at 250-400

°C and 400-500 °C respectively. In this process, Ba

0.6

K

0.4

BiO

3

slightly decomposed between 250 °C and 400 °C, and further 

increasing of temperatures lead to a rapid decomposition. 

Annealing at 400 °C and 500 °C was carried out to make a 

confirmation of these results. Fig.6 shows the XRD results for 

the annealed and unannealed samples. Annealing at 400 °C

would not change the compositions of the compounds. But the 

main phase changes to Ba

0.9

K

0.1

BiO

3

 for the sample annealed 

at 500 °C (see the magnified views in Fig.6) and the impurity 

of BaCO

3 

diminishes almost to vanishing point in this process. 

These results mentioned above prove the instability of the 

Ba

0.6

K

0.4

BiO

3

 sample at the temperature higher than 400 °C.

Fig.5  DSC and TGA curves of Ba

0.6

K

0.4

BiO

3

 powder

Fig.6  XRD patterns of Ba

0.6

K

0.4

BiO

3

samples: (a) unannealed,

(b) annealed at 400 °C, and (c) annealed at 500 °C
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Another method was also used to confirm the stability of 

Ba

0.6

K

0.4

BiO

3

 prepared by molten salt method. The so 

prepared sample was kept in the open air for one month at 

room temperaure, and its superconductivity maintained still 

the same. The result proves that the BKBO sample prepared 

by molten salt method is stable at low temperatures.

3 Conclusions

1) Superconducting BKBO samples can be synthesized 

at a relatively low temperature by molten salt method. The 

compounds show great superconductivity in the range of 

0.315≤x≤0.6. However, in the process, impurity phase of 

BaCO

3

 appears in most of the samples. The elimination of the 

impurity can be realized under the protection of oxygen at-

mosphere. This molten salt method can be accomplished at 

one step, in short time and at low temperatures which is more 

favorable to synthesizing of BKBO samples.

2) The sample of Ba

0.6

K

0.4

BiO

3

 is thermally unstable at 

the temperaures higher than 400 °C.
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