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ABSTRACT 

The efficiency of AgNO3 filtration was tested on barium zirconium titanate 
Ba(Zr0.05Ti0.95)O3 porous ceramic, which was prepared with the tape casting and 
uniaxial pressing method. The relationship between electrical resistance and filtration 
efficiency agreed well with the appropriate pore size and percentage of porosity that 
should be obtained in AgNO3 filtration ceramics.  
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INTRODUCTION 
 

The expectation of this paper is to prepare the porous ceramics with a 
high effective adsorption by using Barium zirconium titanate as the filter 
material. Ba(Zr0.05Ti0.95)O3 is one of the lead-free ferroelectric ceramics which 
have been studied for use as dielectric and piezoelectric devices (Maiti et al., 
2006). The advantage of piezoelectric behavior would be benefit for filtration 
processing when the particles penetrate into the pores and cause pore clogging 
(Şan and Özgür, 2007).  

Silver nitrate (AgNO3) filtration is the focus of this work because it is 
a hazardous waste and is unfriendly to the environment. It is used to coat     
X-ray film and is extracted during the photo development process.  

In addition, the porous ceramics used in this work were prepared 
using the tape casting process, an economical method of producing thin 
ceramics (Bitterlich et al., 2002). Basically, tape casting involves the 
dispersion of ceramic powders in a solvent. The addition of binder, plasticizer, 
and dispersant was used to control the rheology and quality of the green tapes.  

In the present work, different amounts of plasticizer and dispersant 
were used during the slurry preparation. A comparison of filtration efficiency 
between bulk ceramic and tape casting ceramic was carried out through 
electrical resistance.   
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EXPERIMENTAL PROCEDURE 

Ceramic powder preparation 

 The Ba(Zr0.05Ti0.95)O3 powder was prepared according to the 
conventional solid-state route using BaCO3, ZrO2, and TiO2 as the starting 
materials. The powders were mixed and ball-milled for 24 h using ethyl 
alcohol as the milling media. Calcination of the mixed powder was carried out 
at 1200 oC for 4 h. A phase analysis of the calcined powder was made by x-
ray diffraction (XRD; Philips PW 1729) with Cu-kα radiation.   
 
Slurry formulation 

Tape casting slurries were prepared from three different formulas, as 
shown in Table 1. The slurries were prepared by mixing BZT powder with 
ethanol and 2-butanone, which were used together as the solvent. Carboxy 
methyl cellulose (CMC) was selected to use as the binder agent. Polyethylene 
glycol (PEG) and tri-ethanolamine were employed as plasticizer and 
dispersant, respectively.  

 

Table 1  Composition of tape casting slurries 

Formulas I II III 

BZT powder (vol.%) 16 16 16 

Ethanol (vol.%) 15 15 15 

2-butanone (vol.%) 31 31 31 

CMC (vol.%) 15 15 15 

PEG (vol.%) 8 15 8 

Tri-ethanolamine (vol.%) 15 8 8 

 

Porous ceramic preparation  

 The porous ceramics were prepared employing two processes: tape 
casting and uniaxial pressing. The taped products were carried out by casting 
the slurries on a tape casting machine with a moving blade on a polypropylene 
carrier film. The blade gap was adjusted to 3 mm. After drying at room 
temperature, the green tapes were cut into rectangles 10 x 10 mm2 and 3 mm 
thick before and sintered at 1450 oC for 2 h with a heating/cooling rate at       
5 oC/min.   



NU Science Journal 2011; 8(2)                                                                                    21                                   
                                                                     

 The pellet ceramics were carried out using BZT powder mixtures of 
CMC, with a weight ratio of 3 : 1. The mixture was pressed into a pellet with 
a diameter of 16.5 mm and 5 mm thick under 4 MPa pressure for 30 sec.  The 
binder burnout of the green ceramics took place at a heating rate of 5 oC/min 
up to 500 oC, followed by sintering at 1450 oC for 2 h with a heating and 
cooling rate of 5 oC/min.  

The microstructure of the porous ceramics was observed using 
scanning electron microscopy (SEM) with a JEOL JSM-6380LV. Open 
porosity and bulk density were determined by the Achimedes method with 
distilled water as the liquid medium.  

 

AgNO3 filtration and electrical resistance 
The porous ceramics were immersed in 1 molar of AgNO3 solution 

for 4 days before being measured to find their resistances.   The resistance of 
the samples was measured using a digital multi-meter (CD800a Sanwa).  The 
relationship between filtration efficiency in porous ceramics and electrical 
resistance could be described as when AgNO3 crystal continue filled inside 
the porous affects to increase the electrical current.  On the other hand, the 
high amount of AgNO3 crystal which is trapped by porous ceramics, the 
electrical resistance will be decreased.   

 
RESULTS AND DISCUSSION 

 Phase analysis 

 Figure 1 shows the X-ray diffraction pattern of the BZT calcined 
powder and sintered ceramic. They was good agreement with the tetragonal 
system based on the X-ray diffraction pattern of BaTiO3 (JCPDS file no. 05-
0626), which showed splitting of the (100)/(001) reflection at 2θ ~ 22o, 
splitting of the (200)/(002) reflection at 2θ ~ 45o, and splitting of the 
(102)/(210) reflection at 2θ ~ 52o, as well as splitting of the (211)/(112) at 2θ 
~ 57o. The secondary phases were not detected in either the ceramic powder 
or sintered ceramics. 
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  AgNO3

Table 2 The comparison of physical and electrical properties between  
BZT taped products and pellet ceramics. 

 
Properties Taped products pellet ceramics 

Average density (g/cm3) 3.9329 2.9570 

Porosity (%) 1.17 - 6.85 37.0 - 42.0 

Pore size (µm) 9 - 15 15 - 19 

Linear shrinkage (%) 10.50 12.39 

Average Resistance (MΩ) 2.647 0.354 
 

AgNO3 filtration efficiency 

 Figure 4 and Figure 5 show the SEM micrographs of the surfaces of 
the porous ceramics, which prepared from tape casting and uniaxial pressing, 
respectively. The agglomeration of AgNO3 particles strongly appeared on the 
taped products, whereas dispersion occurred on the pellet ceramics. This 
result indicated that the pore size of the ceramics was affected by the particle 
arrangement. The AgNO3 particles preferred agglomerate on the taped 
products, whereas dispersion occurred in the pellet ceramics. This result 
indicated that the taped product, which was much smaller in pore size (Table 
2) than that of the pellet ceramic that affected to the particle arrangement. The 
average electrical resistance was determined to be 2.647 MΩ for the taped 
product and 0.354 MΩ (Table 2) for the pellet ceramic. The result with a low 
electrical resistance in the pellet ceramic was correlated with the high amount 
of porosity, which can filter the high value of AgNO3 particles. The porosity 
was relatively high at 42.0%, which can be advantageous when pellet 
ceramics are used in the filtering area because they consist of a high number 
in both porosity and surface area (Jiang et al., 2009; German, 1996). 
 
 
 
 
 
 
 
 
 
 
 
Figure 4   The microstructure of  Ba(Ti0.95Zr0.05)O3  taped products with   
                 AgNO3 adsorption at 1000 x. 



NU S
 

 
 

 

 

 

 
Figur
         
 

CON

ceram
19 µm
ceram
proce
a regu
densi
effici
inside
resist
techn
 

ACK
 

Techn
Produ
of Te
 
 
 
 
 
 

cience Journa

re 5    The m
          AgNO

NCLUSIONS

The perce
mics affected
m) and perce
mics, prepar
ess could not
ular orientat
ity (3.9329 
iency of Ag
e the porous 
tance value.
nique to prod

KNOWLEDG

This wor
nology Cent
uction Techn
echnology No

al 2011; 8(2)   

microstructur
O3 adsorption

S 

entage of po
d the efficien
entage of po
red with the
t produce a l
tion compare

g/cm3). Th
gNO3 filtrati

ceramics wh
. Therefore,

duce porous c

GMENTS 

rk was supp
ter, Thailand
nology, Facu
orth Bangko

                      

 

 

e of  Ba(Ti0.9
n at 1000 x .

orosity rather
ncy of AgNO
rosity (37.0-
e uniaxial p
arge amount

ed with anoth
he result of 
ion concerne
hich were de
 the uniaxi

ceramics for 

ported by T
d and Depart
ulty of Engin
k, Thailand.

                      
   

95Zr0.05)O3  p

r than other 
O3 filtration. 
-42.0%) wer
pressing me
t of porosity 
her process t

f this experi
ed high lev
etermined by
ial pressing
AgNO3 filtr

The Nationa
rtment of Ma
neering, Kin

                      
                  

pellet ceramic

properties o
Optimum po

re obtained in
thod. The t
because the 
that well agr
iment show
els of AgN

y the reductio
g method is
ation. 

al Metal an
aterials Engi

ng Mongkut’

                25 
                  

cs with  

f the porous
ore size (15-
n the porous
tape casting
powder had

reed with its
wed that the

O3 particles
on of electric
s a suitable

nd Materials
ineering and
s University

                     
                  

s 
-
s 
g 
d 
s 
e 
s 
c 
e 

s 
d 
y 

            
           



26                                                                                   NU Science Journal 2011; 8(2)                                    
                                                                     

REFERENCES 
 
 
Bissett, H., Zah, J. and Krieg, H.M. (2008). Manufacture and Optimization of Tubular 

Ceramic Membrane Supports. Power Technology, 181, 57-66. 
Bitterlich, B., Lutz, C. and Roosen, A. (2002). Rheological Characterization of Water-

based Slurries for the Tape Casting Process. Ceramics International, 28, 
675-683. 

German, R.M. (1996). Sintering Theory and Practice. John Wiley & Sons, INC. 
Jiang, G.-P., Yang, J.-F., Gao, J.-Q. and Niihara, K. (2009). Characterization of 

Porous Silicon Nitride Ceramics using Bentonite as Binder and Sintering 
Additive. Materials Characterization, 60, 456-460. 

Maiti, T., Albera, E., Guo, R. and Bhalla, A.S. (2006).  The Polar Cluster like 
Behavior in Ti4+ Substituted BaZrO3 Ceramics. Materials Letters, 60, 3861-
3865. 

Powder Diffraction File, Card No. 05-0626. Joint Committee for Powder Diffraction 
Standards (JCPDS) PDF-4. (2000). International Centre for Diffraction Data 
(ICDD). 

Şan, O. and Özgür, C. (2007). Fabrication of Glassy Ceramic Membrane Filters for 
Filtration of Spring Water with Clogging Phenomena. Journal of Membrane 
Science, 305, 169-175. 

 
 

 


