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ABSTRACT: 

 

The aim of the project was to synthesize Bi2MNa2Nb4O15 (M= Ca, Sr, Ba) by the Oxalate 

route. The detailed analysis of the DSC-TG plot depicted that the working range of calcination 

must be within 1000°C. However due to presence of competing secondary phases like BiNbO4, 

the synthesis of pure phase material was not possible. The detailed analysis that favored this fact 

was supported by powder X-ray diffraction (XRD). The precursor powder obtained was calcined 

at 800°C, 900°C, 1000°C, 1050°C and 1100°C, respectively. And the XRD analysis showed that 

as long as there was BiNbO4 in the system there were very negligible chances of preparation of 

the desired phase. 
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Introduction: 

Aurivillius phase [1-3] is a group of compounds and the majority of them exhibit ferroelectric 

behavior at room temperature. The bismuth layer structured ferroelectrics have attracted a 

remarkable interest over the past decade due to rich variety of technologically important 

properties exhibited by such materials [4-8]. 

Majority of these oxides are normal ferroelectrics with fairly high Curie temperature as a result 

of formation of a short bond between the apex oxygen in the perovskite layer and the bismuth in 

the [Bi2O2]
2+

 layer associated with octahedral rotations and cationic displacements [9]. These 

also have got potential application in non-volatile random access memory [NVRAM] and high 

temperature piezo-electrics [10, 11]. 

One of the interesting features of this Aurivillius phase is the compositional flexibility of the 

perovskite sets or blocks which allows to incorporate various cations such as Na
+
, K

+
, Ca

2+
, Sr

2+
, 

Ba
2+

, Bi
3+

 and many more for A-site and Fe
3+

, Cr
3+

, Ti
4+

, Nb
5+

, W
6+

 for B-site. Thus it is possible 

to modify the properties according to the chemical composition.  

Structural studies of the Aurivillius phase reveal that the [Bi2O2]
2+

 layers that are interwoven 

with perovskite like [An-1BnO3n+1 ]
2- 

layers. Here the B-site cation resides in the interstitial site of 

the octahedron of oxygen anions. The perovskite unit-cell is built to form corner sharing BO6 

octahedrons that are connected through B-O-B linkages. The A-site cations fit into the large 

cavity of the center of eight cornered sharing BO6 octahedron [An-1BnO3n+1] denotes the 

perovskite like slabs derived by the termination of the three-dimensional ABO3 perovskite 

structure along the (100) axis which are interlinked with [Bi2O2]
2+ 

fluorite type structure giving a 

characteristic layered structure. 
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Depending on the choice and stoichiometry of A
 
and B site ions aurivillius structure oxides can 

possess a wide variety of interesting properties. Aurivillius phase are non-centrosymmetric 

giving rise to ferroelectricity making them applicable for nonvolatile memory applications [12]. 

Aurivillius phases have also found other properties and applications such as photoluminescence 

device [13], ion exchange and intercalation behavior [14-16] and the possibility of combining d
n 

and d
0
 transition metal ions for the realization of multiferroelectric properties [17, 18]. Kim has 

found that 2-layer Aurivillius phase Bi2PbNb2O9; it was an excellent photocatalyst working 

under visible light in 2004 [19]. There has been growing interest in the study of Aurivillius 

phases which may be potential photocatalytic material in future [20, 21].  

For example- a typical series of aurivillius phases Bi2MonO3n+3 (1≤n≤3) had a photocatalytic 

activity oxygen evolution and could degrade organic compounds under visible light irradiation 

[22-24]. Recently there are several groups that have prepared one layered aurivillius phases 

Bi2WO6 nano-plates and nano-flowers to investigate their visible-light-driven photocatalytic 

activities [25-28]. These works revealed that Bi2WO6 could perform as an excellent photo 

catalytic material and solar-energy-conversion material. 
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2 Literature review: 

2.1 General Introduction 

The family of bismuth oxides was discovered over 50 years by Aurivillius [3]. Recently the 

interest in the properties of the Aurivillius as temperature stable ferro-piezoelectrics has been 

increased. Many bismuth layered crystals and their crystals have been analyzed in detail. 

Maximum of these materials are normal ferroelectrics with a fairly high curie temperature, while 

only few of them such as BaBi2NbO9, BaBi2Ta2O2 etc. show relaxor behavior [29-31]. 

The structural evolution in three and four layer Aurivillius solid solution  in which a comparative 

study versus relaxor properties have been reported by Jenny Tellier et.al [32] in which two solid 

solutions of three layers BaxBi4-xNbxTi3-xO12(0<x<=1.2) and four layered Aurivillius compounds 

(Na0.5Bi0.5)1-xBaxBi4TiO15 were synthesized by solid state reaction . The evolution of their crystal 

structures as a function of x was performed using Rietveld refinements from XRD data. The 

relaxor behavior was observed for samples whose tolerance value was greater than 0.96.  

Analysis was done for dielectric material. A.V. Murugan et.al carried the synthesis of nano 

crystalline ferroelectric BaBi4Ti4O15 (BBT) by Pechini method [33]. A gel was made by using 

aqueous solution of BaCl2, BiNO3, TiOCl2 and citric acid in stoichiometric ratio and was heated 

in a waterbath. The gel showed decomposition behavior at 600°C and produced nano crystallites 

of ternary oxide BBT. The phase contents and lattice parameters were analyzed by powder XRD 

and the particle size by TEM. The room temperature dielectric constant was found to be around 

90 at 1 KHz. 

Nano-scaled BBT powder was also synthesized by sol-gel method by Dan Xie et.al [34]. Here 

the BBT powders were synthesized from barium acetate, barium nitrate and tetrabutyl titanate. 
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The bismuth layered perovskite structure of BBT was formed at 750°C. Its granularity 

distribution is centralized from 150-180 nm and the average particle size was 160 nm. 

The electrical properties of donor- and acceptor- doped BaBi4Ti4O15 were studied by Irene 

Pribosic et.al [35] and they prepared samples by reaction sintering of a mixture of BaTiO3 and 

Bi4Ti3O12 with Nb substituted Ti as a donor dopant and Fe acts as acceptor dopant. The dielectric 

constant of BBT was increased by both the dopants because Nb doping decreased the Curie 

temperature and Fe increased it. The conductivity of BBT was found to be p-type and was 

decreased by Nb doping. 

Later a comparative study of the Aurivillius phase ferroelectrics i.e. CaBi4TiO15 and BaBi4TiO15 

was carried out by J.Tellier et.al [36]. These phases were analyzed by single crystal XRD. A 

significant deformation of perovskite was observed when CaBi4Ti4O15 was compared with 

respect to the tolerance factor. The rotation system of CaBi4Ti4O15 is typical from even larger 

Aurivillius phase and uses space group A21am. For the case of BaBi4Ti4O15 only a weak 

variation to the F2am space group can be found out by single crystal XRD. 

The substitution of La
3+

 was carried in the four layer Aurivillius phase SrBi4Ti4O15 by R.Z Hou 

and co-workers [37]. The ceramics with composition of SrBi4-xLaxTi4O15 was prepared within 

the range (0<x<=1.8) and the dielectric properties were tested. Single phase SrBi4-xLaxTi4O15 

solid solution exists when x=1.6 and the secondary phase of Li2/3TiO3 appears. The Curie 

temperature which was 520°C for SrBi4Ti4O15 shifts to a lower temperature when x is increased 

because smaller structural distortion is caused by La
3+

 substitution. Here no dielectric behavior 

was observed. 
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Cation disorder and phase transition in the four layer ferroelectric Aurivillius phase ABi4Ti4O15 

(A=Ca, Sr, Ba, Pb) was observed by B.J. Kennedy and his co-workers [38]. In this comparative 

study the crystal structures have been studied by combination of synchrotron X-rays and neutron 

powder diffraction data. All these four oxides attain an orthorhombic structure at room 

temperature and their structures have been refined at space group A21am. This structure is a 

result of rotation of TiO6 resulting from less than desired size of A-type cation and displacement 

of Ti atoms towards the Bi2O2 layer. Partial disorder was also seen between Bi and A-type cation 

over the two of the three available sites which increases in the order Ca<Sr and Pb<Ba. 

Aurivillius phase with triple layered perovskite like slabs [A2B3O10] Bi2ANaNb3O12 (A=Sr, Ca) 

and Bi2CaNaNb3O12 have been synthesized by Sugara and co-workers [39]. After that they 

developed a novel method for getting protonated forms of layered perovskites derived from 

Aurivillius phases through acid treatment of Bi2SrNaNb3O12 and Bi2CaNaNb3O12 [40]. This is 

done by selective leaching of the bismuth oxide sheets and correspondingly introduction of 

protons for charge compensation. The main aim of the reaction was to substitute bismuth oxides 

sheets with protons without changing the perovskite-slab like structure. Then the photocatalytic 

activity of the triple layered Aurivillius phases was performed. The Bi2ANaNb3O12 (A=Sr, Ca) 

and Bi2CaNaNb3O12 were prepared from the Aurivillius phases through selective leaching of the 

bismuth sheets. They found the catalytic activity for H2 evolution was elevated after selective 

leaching of bismuth oxide sheets. 

2.2 Recent Developments: 

Associated work done with respect to my project is the synthesis of Bi2SrNa2Nb4O15 in solid-

oxide route by Zhenhua Liang et.al [41] in which the B-site was fully occupied by the niobium 
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ions. Detailed XRD study of Bi2SrNa2Nb4O15 showed that the phase crystalizes in the space 

group I4/mmm. 

By using 6M HCl at room temperature the protonated forms were investigated easily. The 

structure and compositions of the protonated forms as well as the mechanisms of the conversion 

reactions were analyzed. The following figure shows the diagram of the crystal structure of the 

four layered Aurivillius phase Bi2SrNa2Nb4O15.          

 

Figure 1: Crystal structure of the four layered Aurivillius phase Bi2SrNa2Nb4O15. 
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2.3 Summary of the literature: 

From the literature review it is found that there is no report on the synthesis of the new 

Bi2MNa2Nb4O15 (M= Ca, Sr, Ba) Aurivillius phase by the Oxalate route. This provides a wide 

scope, suggesting carrying out work in this route and synthesizing the materials and its 

characterization. 
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3. Experimental 

3.1 Experimental Procedure: 

All the reagents that were used were analytically pure. Polycrystalline powders of 

Bi2MNa2Nb4O15 (M= Ca, Sr, Ba) Aurivillius phase were prepared by Oxalate precipitation route. 

The required batch calculations were done and necessary reagents were then weighed to prepare 

a final batch of 5 grams of the required sample. 

Here M = Ca, Sr, Ba. 

For M= Ba 

First 3.9993gm of Bi(NO3)3.5H2O was weighed and added with 10.5 cc of HNO3 and placed on 

magnetic stirrer for stirring. Then 1.0773 gm. of Ba(NO3)2 was weighed and added with 123.5cc 

of water and stirred. When the above salt was completely dissolved, 0.7007gm of NaNO3 was 

added to the aqueous solution of barium nitrate for complete dissolution. The bismuth nitrate 

solution was then added drop-wise to the barium- and sodium nitrate and stirred for uniform 

mixing. Next a solution of 2.8584 gm of oxalic acid was prepared in 52cc of water. To this 

2.1915gm of Nb2O5 was added to form a suspension. This suspension was then ultrasonicated for 

15 mins to break the soft agglomerates.  

The previously prepared mixed nitrate solution was added drop wise into the suspension of 

oxalic acid and Nb2O5. This precipitates barium, bismuth and sodium oxalates into the Nb2O5-

oxalic acid suspension. Then ammonia was added until the pH of the solution was adjusted to 7.  

The precipitated solution was aged for 24h for complete precipitation. The precipitate was 
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filtered and the filtrate was washed with distilled water and isopropyl alcohol. Finally the powder 

was dried at 70°C. 

The raw material thus obtained was analyzed by DSC-TG and XRD. The precursor powder was 

calcined at 800°C, 900°C, 1000°C, 1050°C and 1100°C and its XRD analysis was performed for 

further progress. 

Similar procedure was carried out for the synthesis of M = Ca, Sr and were characterized as 

stated above. 
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3.2 Flow diagram for the synthesis of the sample: 

 

Figure 2: Flow chart of the whole process for the synthesis of the Aurivillius layer.  
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3.3 Sample Characterization 

3.3.1 Thermal Decomposition: 

The precursors prepared by oxalate precipitation route were characterized for its thermal 

decomposition behavior using NETZSCH-TG DSC machine having Model No: 409C in the 

temperature range of room temperature to 1000°C at 10°C/min. 

 

3.3.2 Phase Characterization: 

The raw and calcined powder was characterized for its phase identification using X-Ray 

Diffraction analysis in Phillips XRD Machine having Model no: PW-1830, Phillips, Netherlands 

using Copper Kα. 
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4.1 Thermal Decomposition 

4.1.1 Thermal Decomposition behaviour of Bi2BaNa2Nb4O15 

Figure 3: TG-DSC curves for Bi2BaNa2Nb4O15. 

 

Fig.3 shows the TG-DSC curves for Bi2BaNa2Nb4O15 precursor powder. Weight loss occurs in 

four stages in the sample in the temperature range 200-400°C, 400-600°C, 600-900°C, and 900-

1000°C. Initial weight loss in the sample was due to loss of moisture from the sample. The 

second step in weight loss may be was due to decarboxylation of oxalate hydrate phases.  
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The third and fourth stage weight loss was due to the decomposition of mainly barium carbonate 

(BaCO3). The barium carbonate was formed as an intermediate compound from the 

decomposition of barium oxalate. This has been reported earlier by Chakrabarti.A et al. in 

Dielectric properties of BaBi4Ti4O15 ceramics produced by cost-effective chemical method [42]. 

Studying the DSC-TG graph it can be found out that the decarboxylation of oxalates was an 

exothermic reaction and while the carbonate decomposition was an endothermic reaction. 

4.1.2 Thermal Decomposition of Bi2CaNa2Nb4O15. 

 

Figure 4: DSC-TG curves for Bi2CaNa2Nb4O15 precursor powder. 
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Fig.4 shows the DSC curves for Bi2CaNa2Nb4O15 precursor powder. This plot shows that there 

were three stages of decomposition in the temperature range 300-450°C, 450-700°C and 700-

1000°C. 

The first and second stage corresponded to two exothermic reactions with peak at 346°C and 

460°C. These were due to decarboxylation of bismuth oxalate and calcium oxalates, respectively.  

The third weight loss corresponds to endothermic reaction at 884°C due to decomposition of 

CaCO3. This has been reported by J.Bera et.al [42]. There was an endothermic peak at 884°C due 

to the crystallization of phase. 

4.1.3 Thermal Decomposition of Bi2SrNa2Nb4O15. 

  

                  Figure 5: TG-DSC curves for Bi2SrNa2Nb4O15 precursor powder. 
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Figure 5 shows the TG-DSC curves for Bi2SrNa2Nb4O15 precursor powder. Approximately it has 

three stages of weight losses. The first and second stage of weight losses corresponded to the 

exothermic peaks. This was due to the decarboxylation of bismuth oxalate and strontium oxalate, 

respectively. The third weight loss was due to decomposition of strontium carbonate. This 

reaction is endothermic reaction. This has been reported by J.Bera et.al [42].  

4.2 Phase Formation Behavior: 

The phase formation behavior during calcination was studied by evaluating the phase formed in 

the specimen using XRD. 

4.2.1 Phase formation behavior of Bi2BaNa2Nb4O15. 

 

Figure 6: The XRD pattern of Bi2BaNa2Nb4O15 precursor powder and the precursor 

   calcined at 800°C and 900°C respectively. 
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Figure 6 shows the XRD pattern of Bi2BaNa2Nb4O15 precursor powder along with the precursor 

calcined at 800°C and 900°C respectively. Figure 6(a) shows the pattern for precursor powder. 

The pattern clearly shows that there are metal oxalate hydrates like barium oxalate hydrate 

BaC2O4.0.5H2O (18-0184) and bismuth oxalate hydrate Bi2C6O12.7H2O (38-0548), sodium 

niobium nitrate (72-1213) and unreacted niobium pentoxide Nb2O5 (34-1169). 

Upon calcination at 800°C (Fig.6(b)) the major phases formed were BiNbO4 and Ba5Nb4O15. 

Other than these major phases bismuth and barium niobate phases were also identified in trace 

amount.The phases in 900°C (Fig.6(c)) calcined specimen were more or less similar to Fig.6(b), 

that is BiNbO4 and BaNb2O6 phases were detected to be present in the system. 

 

Figure 7: The XRD pattern of Bi2BaNa2Nb4O15 precursor powder along with the precursor 

   calcined at 1000°C, 1050°C and 1100°C respectively. 
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Figure 7 shows the XRD pattern of precursor after 1000°C, 1050°C and 1100°C respectively. 

For all these specimens (Fig.7 (a), (b) and (c)), BiNbO4 (16-0295) phases persisted. BaNb2O6 

phase was present in 1000°C and 1050°C specimen. However from 1000°C onwards a new 

phase, Ba2NaNb5O15 appeared in the specimen and finally after repeated calcination at 1100°C, 

the specimen showed to contain BiNbO4 and Ba2NaNb5O15 phases. 

The desired Bi2BaNa2Nb4O15 phase could not be achieved even after repeated calcinations. So 

long standing problem indicated previously that is the synthesis of 4-layered BLSF that contain 

both sodium and barium in B-site is a challenging task. The competing phase BiNbO4 once 

produced in the system is more stable than the desired layered perovskite. 

To avoid this it has been reported that [41] sodium niobate NaNbO3 and Bi2BaNb2O9 two layered 

aurivillius phase should be reacted to get the desired Bi2BaNa2Nb4O15 phase.  

So from this study it has been identified that BiNbO4 phase must be avoided and accordingly the 

process parameters must be modified in future work. 
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4.2.2 Phase formation behavior of Bi2CaNa2Nb4O15. 

 

Figure 8: The XRD pattern of Bi2CaNa2Nb4O15 precursor powder and the precursor 

   calcined at 800°C and 900°C respectively.  

Figure 8 shows the XRD pattern of Bi2CaNa2Nb4O15 precursor powder along with the precursor 

calcined at 800°C and 900°C respectively. Figure 8(a) shows the XRD pattern of precursor 

powder. The pattern clearly shows the presence of metal oxalate hydrates like Calcium Oxalate 

Hydrate CaC2O4.H2O (01-0157) and Bismuth Oxalate Hydrate Bi2C6O12.7H2O (38-0548) and 

unreacted Niobium Pentoxide Nb2O5 (34-1169). 
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After calcination at 800°C (Fig.8 (b)) the specimen shows formation of BiNbO4 (16-0295) and 

CaBi2Nb2O9 (72-2364) two layered perovskite which is desired for present synthesis. Similar 

two phases were also formed at 900°C (Fig.8(c)) calcined specimen. 

 

Figure 9: The XRD pattern of Bi2CaNa2Nb4O15 precursor powder and the precursor 

   calcined at 1000°C, 1050°C and 1100°C respectively.  

However at 1000°C  (Fig.9(a)) the specimen shows the major phases as BiNbO4 and CaNb2O6 

i.e. there is decomposition of CaBi2Nb2O9 which is harmful for this phase synthesis because the 

1050°C (Fig.9(b)) and 1100°C (Fig.9(c)) powder also shows the presence of BiNbO4 and 

CaNb2O6. There was no further reaction in between these two phases. So it may be concluded 

that BiNbO4 and CaNb2O6 are more stable than the four layered Bi2CaNa2Nb4O15. So the 

processing must be made in such a way that the formation of these two phases must be restricted. 
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One of the mechanisms may be by restricting the processing temperature below 1000°C as per 

results. 

4.2.3 Phase formation behavior of Bi2SrNa2Nb4O15.  

 

Figure 10: The XRD pattern of Bi2SrNa2Nb4O15 precursor powder and the precursor 

      calcined at 800°C and 900°C respectively.  

Figure 10 shows the XRD pattern of Bi2SrNa2Nb4O15 precursor powder along with the precursor 

calcined at 800°C and 900°C respectively. Figure 10(a) shows the pattern for precursor powder. 

The pattern clearly shows the presence of BiNbO4 and unreacted Niobium Pentoxide Nb2O5 (34-

1169). 
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After calcination at 800°C the major phase formed were strontium niobate and BiNbO4. At 

900°C similar phases were found but with different stoichiometric composition of strontium 

niobate like Sr2Nb2O7 and Sr5Nb4O15. 

 

Figure 11: The XRD pattern of Bi2SrNa2Nb4O15 precursor powder and the precursor calcined at 

1000°C, 1050°C and 1100°C respectively.  

However at 1000°C (Fig.11(a)) and above again the major phase were SrNb2O6 and BiNbO4. So 

the reaction mechanism for this case of more problematic for final phase synthesis. Once 

SrNb2O6 and BiNbO4 were produced in the system, they were very stable compared to 4-layered 

Aurivillius compounds. So formation of these two phases must be avoided. 
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Conclusion 

In summary, Bi2MNa2Nb4O15 (M = Ca, Sr, Ba) phase was synthesized by Oxalate precipitation 

route. The XRD pattern of the final calcined specimen showed the presence of the parent 

Bi2MNa2Nb4O15 (M = Ca, Sr, Ba) phase and also presence of secondary phase of BiNbO4. On 

repetitive calcinations of the precursor powder, the metal oxalate hydrates and later on metal 

niobates were obtained out of which the BiNbO4 was the competing phase that did not allow the 

formation of the desired phase. In case of calcium based precursor powder (Bi2CaNa2Nb4O15) the 

starting material that is CaBi2Nb2O9 (72-2364), two layered perovskite was obtained which later 

decomposed at 1000°C (CaBi2Nb2O9). This proved that the working temperature limit for these 

types of compounds should be within 1000°C. 
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