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ABSTRACT 
We have used low temperature organics to achieve orientation of the grains of Ca2/3Cu3Ti4O12 (CCTO) compound to 
increase the resistivity. During the past fifteen years CCTO has been studied extensively for its performance as a 
dielectric capacitor. We have synthesized and grown large grains of pure Ca2/3Cu3Ti4O12 and doped compound, and 
studied the dielectric constant and resistivity. The grains were aligned by using a naphthalene-camphor eutectic. 
CCTO was mixed in the organic melt and oriented by the directional solidification method. This material has 
different characteristics than pure processed CCTO material.  The effect of solidification conditions and its effect on 
the morphology and the dielectric constant, resistivity and loss tan delta of pure and doped CCTO are described in 
this article. 
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1. INTRODUCTION 

During the past fifteen years perovskites have been studied extensively [1-5] for their performance as a dielectric 
capacitor. Calcium copper titanate, CaCu3Ti4O12 (CCTO), was the first member to be recognized and has been 
extensively studied [1-5] for preparation of materials, effect of doping and its performance. Dielectric constant for 
CCTO has been reported in various ranges depending on the processing conditions.  Researchers have reported 
value of dielectric constant greater than 100,000 for pure CCTO. This class of materials has attracted attention since 
these have a remarkable ability to undergo a series of cationic exchange reactions resulting corresponding 
isomorphs. The road block for its application as a practical dielectric material is its low resistivity and low break 
down voltage. In order to overcome this problem and to achieve high resistivity material a substitution and doping 
approach has been used extensively. If the valency of substituting ion is different from the host ion, substitution is 
limited. The substitution studies can be summarized as; (a) isovalent (b) heterovalent substitution and (c) valence 
compensated. As one can expect, the heterovalent substitution causes defected structures due to compensation of the 
extra charge resulting from this substitution. The case of the valence compensated substitution is very complex since 
the combination of ions at the host sub-lattice has to maintain total electrical charge neutrality in the crystal. We 
have observed [6] significant decrease in dielectric values when we used valence compensated approach. In addition 
we observed that some substituted materials affected the grain size significantly and required higher processing 
temperature.  In this paper we report the effect of directional solidification of CCTO materials in low temperature 
organic matrix on the characteristics of CCTO.  

 2. EXPERIMENTAL METHODS 

2.1 Materials Synthesis:  We used using as supplied parent components CaCO3, CuO and TiO2 powder for the 
synthesis of the stoichiometric CaCu3Ti4O12 compound. The listed purity for these chemicals were listed as 
99.99+%. Uniform size particles were prepared by using a wig-L-bug in a closed quartz ampoule. The particles sizes 
were in the range of 50 to 100μm size. Pellets of the stoichiometric mixture were prepared using a pressure in the 
range of 8000 to 9000 lb/inch2. We used a temperature range of 700 to 750C for sintering and 1000C for the grain 
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growth. We used optical microscope and scanning electron microscope for determining the morphology at several 
stages of the processing. 
 
2.2 Treatment with Organics: We used naphthalene –camphor organic system for the organic treatment. The 

composition was closed to the eutectic composition for soaking and directional freezing. This low temperature 
organic eutectic melt was used to orient the particles in a single orientation by the directional solidification.  

2.3 Fabrication, Dielectric Constant, Capacitance and resistance measurement techniques: The processed 
pellets were cleaned and polished to achieve good quality polished surfaces on polishers with pads and using 
several solvents.  Silver paste was used as preliminary electrode to determine the resistivity, capacitance and 
dielectric constant. 

 
3. RESULTS AND DISCUSSION 

 
The stoichiometric composition of CaCu3Ti4O12 was prepared by mixing the powder after milling the powder. The 
typical size of powder ranged between 50 to 100 μm sizes.  
Previously several processes to achieve large grains and high dielectric constant have been explored. It is widely 
reported that processing has profound effect on the dielectric constant. Despite intensive research in the area, a 
significant improvement in the resulting materials led to low resistivity materials. This study focused on alignment 
of grains using low melting organic melt.  To achieve this goal the first step was the preparation of CCTO powder. 
The powder was pressed in into the form of pellet by applying a pressure greater than 8000psi (shown in Figure 1a). 
A prepared pellet is shown in Figure 1(b). This pellet was placed for coarsening at 700C for 3 hours followed by 70 
hours at 900C for the grain growth. Figure 1(c) is a pellet after the grain growth. Typical sample sizes were in the 
range of 12 mm in diameter. This pellet was used for the organic treatment.  
 
Naphthalene-camphor eutectic was prepared by weighing parent components and mixing by melt freeze method [7]. 
We used 3.512 grams of Naphthalene and 6.561 grams of Camphor for this study since eutectic is at approximately 
at Weight Percentage of 65% Camphor. The uniform mixture was prepared by slowly melting the naphthalene on 
top of the camphor in a water bath while gently stirring to create the eutectic. In order to avoid the evaporation, 
temperature was raised with a rate of K/minute to 80C, closed to the melting temperature of naphthalene. Since the 
eutectic temperature is much lower (32C), both materials completely mixed below 80C. The reacted two pellets of 
CCTO were finely ground into the powder and mixed with the organic material.  
 

 

     
(a)                                                                 (b)                                      (c) 

Figure 1.Pellet formation was performed at (a) a pressure >8000psi, (b) pre annealed and post annealed CCTO material 
  
The organic eutectic melt is shown in Figure 2a without CCTO and in 2b and 2c with CCTO powder. Figure 2b 
shows a composite completely mixed with CCTO and Figure 2c shows composite where CCTO settled in the 
bottom of the melt. After shaking to ensure complete mixing in eutectic for soaking we used an ice cube to nucleate 
the composite in the bottom for directional freezing. The directional freezing in the eutectic melt was used to orient 
grains during the freezing. Figure 2d shows the growth starting from the bottom of the container. The sizes of the 
containers were 13 mm x 15 mm in diameter, and the length of the melt was 9 cm. 
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(a)                                                (b)                                          (c)                                     (d) 

Figure 2. Using a water bath, the eutectic was heated to 60 C to melt the eutectic fully, and then poured into another 
cylinder, where the eutectic undercooled.  

  

    
(a)                                                                                         (b) 

Figure 3 shhows the microstructure of thee material at 500x and 100x durring the solidificcation 
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Figure 5.  Dielectric values as function of frequency 

 
 

4. SUMMARY 
The CaCu3Ti4O12 (CCTO) powder treated with naphthalene-camphor eutectic melt and charge was directionally 
solidified.  As synthesized and annealed CCTO was treated in the organic melt and directionally solidified.  
Naphthalene-camphor mixture in the range of 65wt% of camphor was used as the matrix of the organic melt. The 
composite was directionally solidified and CCTO was recovered by evaporating the organics. Measured values were 
two orders of magnitude higher compared to that measured values in the range of 105 to 106 ohm-cm range for 
CCTO. Further research is continuing to clarify if oriented grains are cause of the high resistivity 
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