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ABSTRACT 
The properties of dielectric materials are directly related to the microstructure, grain size and density. In the 
present study stoichiometric quantities of AR-grade raw powders of SrCO3, Nb2O5, TiO2 (Anatase) were used to 
synthesize Sr5Nb4TiO17 by solid-state sintering route. The reaction mixture was characterized by TGA/DTA to 
locate the formation temperature of Sr5Nb4TiO17 and to determine the phase transitions. The milled mixture was 
calcined at two different temperatures i.e. 990°C and 1350°C. Pellets of the calcined powders were made and 
sintered at 1500°C in air. The X-ray diffraction was used to identify the phase or phases present in the calcined 
powder as well as in the sintered samples. Micro-structural study of calcined powders as well as sintered 
samples, through SEM revealed Variation in the size and shape of the grains. The material sintered at 1500°C 
with calcination temperature of 990°C is more compact as compared to the sintered material with calcination 
temperature of 1350°C.  
 
INTRODUCTION 
Electro-ceramics materials are widely used in 
telecommunication and electronic industry. The 
application potential of a material depends on 
the relevant properties which have a direct 
relationship with its density and hence grain size 
and microstructure of the final product1. Some of 
the important processing parameters that greatly 
influence the microstructure and grain size of 
materials2 prepared via solid state sintering 
route include, doping, substitution of cations3 - 4, 
milling5 - 6, and calcination and and sintering 
temperature7. Thus optimization of these 
parameters is very crucial in the engineering of 
materials for electronic applications8 - 9. 
 
Compounds belonging to the AnBnO3n+2 
homologous series (where A=La, Sm, Sr, Na, 
Cd, and B=Ti, Nb, Ta, Ga, Fe, Cr, Al) possess 
interesting ferroelectric, piezoelectric, magnetic, 
electric and optical properties 10 - 13. The crystal 
structure of AnBnO3n+2=ABOx (with x=3+2/n) type 
compounds consists of infinite two-dimensional 
slabs of BO6 octahedra sharing their corners 
having A cations in the cavities created by the 
BO6 octahedra. The slabs are separated by 
inter-slab regions. The octahedra on opposite 
sides of the inter-slab region do not share 
oxygen atoms and thus leave an extra layer of 
oxygen atoms with respect to the ideal 

perovskite structure. This results in an irregular 
coordination of A cations in these regions. Each 
slab is nBO6 octahedra thick and is extended 
parallel to the direction of ideal perovskite 
structure. Consecutive slabs are shifted with 
respect to each other by half of the body 
diagonal of the octahedron i.e. by the vector 
½(a+c). The ideal perovskite structure 
corresponds to the limiting value n = ∞ i.e. with a 
single infinitely thick slab of octahedra.  
 
The lower limit is n = 4. Pasero et al 14, Levin et 
al 15 - 16, and Iqbal and Reaney 17 found a 
homologues series of single phase compounds 
of the type SrnNbnTin-4O3n+2, where n = 4, 4.33, 
4.5, 5, 6 and 7 along the Sr2Nb2O7-SrTiO3 tie 
line. These compounds have been reported to 
resonate poorly at MW frequencies because of 
high losses 15, 17. The compound with n = 5 i.e. 
Sr5Nb4TiO17 processed via attrition milling has 
dielectric constant (εr) 57, temperature 
coefficient of dielectric constant (TCεr) of –7x10-4 
and Qxf0~1070 17. Its behavior is anti-
ferroelectric at Tc ≥ 860K11. The crystal structure 
of Sr5Nb4TiO17 is orthorhombic with lattice 
parameters a =5.6614(4), b = 32.515(7) and c = 
3.9525(3) Ǻ with space group Pnnm 18 and is 
iso-structural with Ca5Nb4TiO17 19.  In the present 
study, we have investigated the effect of 
calcination temperature on the grain size and 

microstructure of the 
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compound Sr5Nb4TiO17 prepared by mixed oxide 
route using horizontal ball milling for extended 
period instead of an attrition mill. 
 
EXPERIMENTAL PROCEDURE 
The samples were prepared using the 
conventional mixed oxide route in Materials 
Research Laboratory, University of Peshawar. 
Laboratory grade SrCO3, Nb2O5 and TiO2 were 
weighted in stoichiomatric ratios. The batch was 
milled for 60 h in 2-praponal in a disposable 
polyethylene mill jar in a horizontal ball mill 
(Cole-Parmer Lab mill-8000) at 200 rpm using 
Yt-toughened ZrO2 as grinding media. The slurry 
was dried in oven at ~90°C overnight and 
calcined for 2 h at 990°C and 1350°C at a 
heating/cooling rate of 10°C/min in an electric 
furnace (Nabertherm Model LHT04/18). The 
calcined powders were ball milled for 30 min. to 
dissociate agglomerate and dried. After sieving, 
the powder were pressed into 13 mm diameter 
pellets at 140 MPa using Carver Pellet Press 
(Model 4350L). The pellets were then sintered at 
1500°C for 2h at heating/cooling rate of 
10°C/min. Sample were prepared for powder 
XRD via cutting the pellets into pieces using a 
Diamond cutting Saw (Allied Tech Cut 4TM) and 
grinding in a pestle and mortar. TG/DTA of as 
mix-milled powder was performed from room 

temperature to 1200°C at 5°/min using TG/DTA 

unit (Perkin Elmer Diamond TG-DTA) at 
Centralized Resource Laboratory, University of 
Peshawar. XRD of samples after various 
treatments was performed using a JDX 3500, 
JEOL Diffractometer operating at 30 mA and 40 
KeV with CuKα radiation (λ = 1.5418Ǻ) from 
2θ=10 to 70°, with step size 0.03° and count 
time of 2s/step. For Scanning Electron 
Microscopy (SEM), small pieces of the sintered 
samples were cut and polished finely using 
Polishing Machine (Allied Twinprep3TM). The 
polished samples were then thermally etched at 
1360°C for 30 min. at a heating/cooling rate of 
10°C/min. The etched samples were then 
mounted on aluminum stubs using silver paste 
to provide conduction path to electrons. Finally, 
the samples were gold-coated to avoid charging 
in the SEM. A JEOL JSM5910 SEM operating at 
15-20 KeV was used for micro-structural 
examination of the samples.   
 
RESULTS AND DISCUSSION 
The TG/DTA curves for as-mix-milled powder 
are shown in Figure 1. Three exothermic peaks 
were observed on the DTA curve at ~340°C, 
~875°C and ~980°C. The peak at ~980°C is due 
to the formation of Sr5Nb4TiO17 as confirmed by 
XRD while the other two peaks may be due to 
decomposition of initial ingredients which 

requires further work for characterization. In the 
TGA curve, a 

 
Figure 1: TGA/DTA curves for as mix-milled powder showing exothermic peaks at 

~340°C, ~875°C and ~980°C. 

Abdul Manan et al: The Effect of Calcination Temperature on The Micro-Structure 



J Pak Mater Soc 2008; 2(2) 

      79

continuous weight loss was observed at ~640 to 
870°C, which may be due to the decomposition 
of SrCO3 20. 19.958% of the total weight was lost 
from room temperature to 1200°C. This is 
consistent (within ~3 wt%) with the theory which 
shows that ~17 wt% of the initial ingredients 
comprise of gases to be evolved upon reaction.  
 
XRD patterns of samples subjected to various 
heat treatments are shown in Figure 2. The d-
values corresponding to XRD peaks from 
sample calcined at 990°C matched with ICDD 
card#521486 for Sr5Nb4TiO17 labeled as “S”.  A 
couple of peaks with relatively lower intensity 
matching ICDD card#281246 for Sr2Nb2O7 
(labeled as “Sn”) were also observed showing 
the presence of second phase after calcination 
at 990°C. Similarly, the d-values corresponding 
to the XRD peaks from the sample calcined at 
1350°C matched the ICDD card#521486 for 
Sr5Nb4TiO17 and ICDD card#281246 for 
Sr2Nb2O7. This again indicated the presence of 
second phase even at 1350°C but much lower in 
intensity than those observed at 990°C. The d-
values corresponding to the XRD peaks from the 
sintered samples after calcination at 990°C and 
1350°C matched with ICDD card#521486 for 
Sr5Nb4TiO17 only. However, d-spacings 
corresponding to a couple of low intensity peaks 

labeled as (∗) in Figure 2 which could not be 
identified were also observed.  
Secondary electron SEM image from the 
calcined powder (Figure 3a) shows that the 
grain size of powder calcined at 990°C (Figure 
3a) ranges from ~1-2µm while that of calcined at 
1350°C (Figure 3b), ranges from ~1-4µm. The 
grain morphology of the sample calcined at 
990°C and sintered at 1500°C is plate like 
(Figure 3c) while the microstructure of the 
sample calcined at 1350°C and sintered at the 
same temperature comprised of elongated rod-
shaped grains (Figure 3d). The sintered sample 
with calcination temperature of 990°C is well 
compacted with very low apparent porosity in 
comparison to the sintered sample with 
calcination temperature of 1350°C. SEM image 
of the sintered sample with calcination 
temperature of 1350°C shows variation in the 
grain size. As a result there will be much 
difference in the dielectric properties of the 
materials with the two different calcination 
temperatures.  
 
CONCLUSIONS 
The major phase crystallized in both the 
samples calcined at 990°C and 1350°C was 
identified as Sr5Nb4TiO17, however, a few minor 
XRD peaks probably due to Sr2Nb2O7 were also 
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Figure 2:  XRD patterns of Sr5Nb4TiO17 calcined at a) 990°C and b) 1350°C, c) calcined at 990°C and 

sintered at 1500°C, and d) calcined at 1350°C and sintered at 1500°C. 
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present. Similarly, the major phase observed in 
both the sintered samples was Sr5Nb4TiO17, 
along with a couple of XRD peaks yet to be 
identified were also present. The microstructure 
of sample calcined and sintered at 990°C and 
1500°C respectively appeared more compact 
than the one calcined and sintered at 1350°C 
and 1500°C respectively. The sintered 
microstructure of sample calcined at 990°C 
comprised palte-like grains and the one calcined 
at 1350°C and sintered at 1500°C comprised 
elongated rod-shaped grains. Although, density 
and property measurements are underway, 
these preliminary results show that the 
calcination temperature greatly influence the 
final microstructure of the body. 
 
Acknowledgement 
The authors acknowledge the financial support 
(through NRPU 569) of the Higher Education 
Commission of Pakistan.  
 
 

REFERENCES 
1. Penn, S J, Alford JNM, Templeton A, Wang 

X, Xu, M, Reece M, Schrapel K. Effect of 
porosity and grain size on the microwave 
dielectric properties of sintered alumina. J 
Am Ceram Soc. 1997; 80 (7): 1885-8. 

2. Su B, Holmes JE, Cheng BL, Button TW. 
Processing effects on the microstructure 
and dielectric properties of barium strontium 
titanate (BST) Ceramics. J Elect 2002; 9: 
111-16. 

3. Lee CT, Ou CC, Lin YC, Huang CY, Su CY, 
Structure and microwave dielectric property 
relations in (Ba1−xSrx)5Nb4O15 system. J 
Euro Ceram Soc. 2007; 2: 2273 - 80. 

4. Xu ZY, Chen XM. Effects of Ca and Sr 
substitution on dielectric properties in 
Ba3Sm3Ti5Ta5O30 ceramics. J Mat Scien: 
Materials in electronics. 2000; 11: 219 - 23. 

5. Nenez ST, Ganne JP, Maglione M, Morell 
A, Niepce JC, Pate M. BST ceramics: Effect 
of attrition milling on dielectric properties. J 
Euro Ceram Soc. 2004; 24: 3003 -11.  

    
    (a)      (b) 
 

    
    (c)      (d) 
Figure 3:  Secondary electron SEM image from Sr5Nb4TiO17 a) calcined at 990°C, b) calcined at 1350°C, c) 

calcined at 990°C and sintered at 1500°C, and d) calcined at 1350°C and sintered at 1500°C. 

Abdul Manan et al: The Effect of Calcination Temperature on The Micro-Structure 



J Pak Mater Soc 2008; 2(2) 

      81

6. Chen YC, Hong TH, Cheng HF, Chang CB, 
Leou KC, Lin IN. Milling effect on the 
microwave properties of Ba2Ti9O20 
investigated by EMP technique. J Euro 
Ceram Soc. 2007; 27: 3069 - 73.  

7. Cheng CM, Chen YC, Yang CF, Chan CC, 
Sintering and compositional effects on the 
microwave dielectric characteristics of 
Mg(Ta1−xNbx)2O6 ceramics with 0.25≤ x 
≤0.35. J Electroceram.  2007: 18: 155 - 60. 

8. Lu WZ,  Lei W, Zhu JH, Liang F. Calcining 
temperature dependence of microwave 
dielectric properties of (1-x)ZnAl2O4–xTiO2 
(x=0.21) ceramics. Jpn J Appl Phys. 2007; 
46: 724 - 26. 

9. Fang Y, Hu A, Ouyang S, Oh JJ. The effect 
of calcination on the microwave dielectric 
properties of Ba(Mg1/3Ta2/3)O3. J Eur Ceram 
Soc. 2001; 21; 2745 - 50. 

10. Fujimori Y, Izumi N, Nakamura T, 
Kamisawa A. Application of Sr2Nb2O7 family 
ferroelectric films for ferroelectric memory 
field effect transistor. Jpn J Appl Phys. 
1998; 37; 5207. 

11. Isupov VA. Crystal chemical aspects of the 
layered perovskite-like oxide ferroelectrics 
of the AnBnO3n+2 types. Ferroelectrics. 1999; 
220: 79 -103. 

12. Vanderah TA, Miller V L, Levin I, Bell SM, 
Negas T. Phase relations, crystal 
chemistry, and dielectric properties in 
sections of the La2O3-CaO–MgO–TiO2 
system. J Solid State Chem. 2004; 177: 
2023-38. 

13. Lichtenberg F, Herrnberger A, Wiedenmann 
K, Mannhart J. Synthesis of perovskite-
related layered AnBnO3n+2 = ABO3 type 

niobates and titanates and study of their 
structural, electric and magnetic properties. 
Prog Solid State Chem., 2001; 29: 1 - 70. 

14. Pasero D, Tilley RJD. Perovskites-related 
phases in the Sr4Nb4O14-Sr5Nb4O15-SrTiO3 
system.  J Solid State Chem. 1998; 135: 
260 - 68. 

15. Levin I, Bendersky A, Vanderah TA, Roth 
RS, Stafsudd OM.  A series of in-
commensurate modulated AnBnO3n+2 
phases in the SrTiO3-Sr2Nb2O7 quasi-binary 
system. Mat Res Bulletin. 1998; 33(3):  
501-17. 

16. Levin I, Leonid A, Bendersky A, Vanderah 
TA. A structural study of the layered 
perovskite-derived Srn(Ti,Nb)nO3n+2 
compounds by transmission electron 
microscopy. Phil. Mag, A, 2000; 80(2): 411- 
45. 

17. Iqbal Y, Reaney IM. Microstructure-property 
relationship in dielectric ceramics 
containing (Nb,Ti)O6 octahedra. 
Ferroelectrics. 2004; 302: 259 - 63. 

18. Drews AR, Wong-Ng W, Roth RS, 
Vanderah T A. Preparation and crystal 
structure of Sr5TiNb4O17. Mat Res Bull 
1996; 31: 153 - 62. 

19. Titov YA, Belyavina NM, Markiv VY, 
Slobodyanik MS, Chumak VV. Crystal 
structure of Ca5TiNb4O17. J Alloys Comp 
2005; 387: 82 - 5. 

20. Berbenni AM, Bruni G. Effect of mechanical 
activation on the preparation of SrTiO3 and 
Sr2TiO4 ceramics from the solid state 
system SrCO3–TiO2. J Alloy Comp. 2001; 
329 (1-2): 230 - 238. 

 

Abdul Manan et al: The Effect of Calcination Temperature on The Micro-Structure 


