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Abstract 
 
The inter-granular-Nano porous 0.65PMN-0.35PT ceramic abbreviated as “PMNT were fabricated for the first time by 
introducing pore forming agent multi walled carbon nanotubes (MWCNT), the thermal analysis of Nano tube, and the 
effect of MWCNT ratio on their density, phase analysis, microstructure were investigated. the complete burnout of the 
MWCNT as pore forming agent was about 850℃. The ideal sintering procedure of PMNT ceramic was arranged in 
agreement with thermo gravimetric reading of Nano material.  XRD test indicated that MWCNT as Nano voids shaping 
factor did not influence on PMNT ceramic crystallographic structure. The porosity of PMNT ceramic 24% more than that 
of pure sample while the density difference between dense and porous was very low ~1.53 g/cm3 at a fixed MWCNT 
addition. 
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1. Introduction 

The groups of materials (PT, PMN, PCN, PZN, PZT, PLZT, etc.) act the bulk of the dense ferroelectric ceramics are 
produced in the current world to obtain high piezoelectric responses. Plenty of bulk piezoelectric ceramic materials have 
been prepared from binary systems containing a combination of normal ferroelectric materials like PZT and relaxor in form 
of Pb (B'B'') O3 to create PZT-PZN [1-2], PZT-PMN [3-8], PZT-PNN [9] and PMN-PT [10] advances ceramics. Although 
scientists observed one of ceramic materials like PZT, PZT-PMN are joined with a planned porous micro-structure, being a 
favorable material for sensors, actuators, besides under water and ultrasonic transducers but previously researchers analysis 
considered the porosity is as a weakness that leads to reducing of the piezoelectric and mechanical ceramic characteristics. 
On the contrary, the creation of porosity can greatly enhance the properties of ultrasonic appliances, like hydrophones or 
medical diagnostic devices [11-15]. Fabrication method of micro porous of PZT [16], PZT-PMN [17], PZT-PZN has been 
studied [18] but preparation procedure in details and chacterization of Nano porous PMN-PT ceramics with MWCNT as 
pore forming agent have limited researches therefore recent research focus on the incorporation of multi walled carbon 
Nano tube MWCNT as pore forming agent into PMN-PT ceramic to form composite structures, with an emphasis on 
fabrication method, sintering procedure and micro-structure. 

2. Experimental 

2.1. Fabrication method 

The materials used in the preparation of PMNT ceramic, purity, sizes and suppliers are listed in Table1. Nano porous PMN-
PT ceramics were prepared by mixing 0.65PMN-0.35PT ceramic powder with MWCNT as pore forming agent (PFA) 0.1 
weight percentage (wt%) of it was regularly joined to PMNT ceramic powder via zirconia ball grinding using ethanol as 
grinding agent. Ceramic powder with MWCNT were compressed with Φ 15 mm -2.5 mm disk shape by template and 
thereafter firing in 1200 ℃ at 1.5 h. A bulk PMNT ceramic was also made for comparison, the thermo-gravimetric analysis 
of MWCNT is used to design the sintering procedure. The complete burnout of this CNT was about 850℃ according to 
DSC analysis.  
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Table 1: The materials Specifications used in this study 

 Materials                                                    Purity                                    Sizes                                                         Manufacturer 

PMNT ceramic 
powder 

 

 99.95%  <1 μm  MSE supplies 

MWCNT  98%   Diameter 12-
30 nm  

 Nano tube 
Length about 
0.5 to 2 mm, 

 Merck co. 

 

2.2. Experimental procedure 

2.2.1. Dry density and porosity measurement  

The dense and porous of PMNT ceramic densities were measured with a Sartorius-CP324S densitometer working based on 
Archimedes’ principle. Besides, the overall porosity was determined by: 
 

                                                                                                                                                                    (1) 

Where, ρ* is the porous sample density calculated by means of the Archimedes technique.  

2.2.2. X.R.D 

The phase creation manner of the PMNT ceramic is showed by an XRD technique (STOE, Model STADI P, year 2000) 
with cu Kα radiation a step scan of 0.015ο from 5 to 120ο (Germany, 2000), the crystallographic structure was carried to 
review composition of bulk PMNT ceramic and Nano structure ceramic with MWCNT as pore forming agent.  

2.2.3. Thermal Test 

Differential Scanning calorimetry (DSC) test was applied to find the MWCNT phase conversion temperature. The ideal 
sintering method was applied in accordance with the CNT thermo-gravimetric examination like earlier researches [19-22]. 

2.2.4. Scanning Electron Microscopy (SEM) 

Crystalline structure as well as morphology, of bulk PMNT ceramic and Nano composite with MWCNT as pore forming 
agent were examined by SEM. (Model MIRA, TESCAN, IRQST Zeiss company Germany 2005). 

3. Results and discussion 

3.1. Dry density and porosity 

With the addition of 0.1 wt. % of MWCNT as pore forming agent to PMNT ceramic powder after sintering process the 
results indicate that the porosity of Nano porous PMNT ceramic was increased nearly 24% more than of unmixed specimen 
while the density difference between dense and porous was very low ~1.53 g/cm3. Many previous works on PZT and PMN-
PZT have reported a similar behavior [19-26]. The samples obtained are summarized in Table 2. 
 

Table 2: Parameters of Nano porous PMNT ceramic and  dense PMNT ceramic 
Parameters                        Nano porous PMNT ceramics Dens PMNT ceramics 
Density (g/cm3) 7.7                     7.82   

Porosity (%) 6.2                      4.7   

3.2. X.R.D 

The XRD models of unmixed and mixed specimen (PMNT and MWCNT as PFA) are presented in Figure 1. It is noticeable 
that only Perovskite framework was watched for two specimens with no other form identified, indicating that MWCNT as 
Nano size voids forming media did not affect the PMNT ceramic phase. 
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Fig. 1: The XRD models of dense and porous PMNT ceramics 
 

3.3. MWCNT thermal analysis results and sintering method of Nano porous PMNT ceramic 

The results of  TG, and DTG tests of MWCNT shows that the complete burnout of the MWCNT as pore forming agent was 
about 850℃ as shown in Figures 2 and 3 respectively, the perfect sintering method was arranged in agreement with the 
thermo-gravimetric examination of MWCNT as shown in Figure 4, therefore the heating procedure of MWCNT was 
determined to start with heating range of 1 ℃/min till to 850 ℃ to assure the complete burnout of the MWCNT followed 
by 2℃/m up to1200 ℃ which represent the ideal sintering temperature of PMNT bulk ceramic during the sintering of 
porous samples, the samples were placed in covered alumina crucibles containing PZTCN powder to decrease the 
evaporation of PbO. 
 

 

 

 

Fig. 2: MWCNT TG curve at heating range 10℃/min 
in air 

 Fig. 3: MWCNT DTG curve at heating range 10℃/min in 
air 

 
 

 

Fig. 4: A typical sintering procedure of PMNT ceramic with MWCNT as PFA 
 

Dense PMNT ceramic 
 

Nano Porous  PMNT ceramic  
 

Burn out T=850 οC 
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3.4. Scanning Electron Microscopy (SEM) 

Figures 5 and 6 photographs are shown morphology of MWCNT with different magnification. Figure 6 appears MWCNT 
with diameter of approximately 15 nm, while Figures 7 and 8 are showing morphologies of starting materials, PMNT 
ceramic powder and ceramic powder with MWCNT respectively (before pressing and sintering process), it is clear in d 
image that the small diameter of MWCNT make it difficult to obtain a good mixture of the two phases prior to pressing and 
sintering procedure. Figures 9 and 10 shows section of PMNT ceramic after sintering with addition of MWCNTs as pore 
forming agent at low and high magnification respectively. The resultant pores are mostly Nano pores with range about 18-
28 nm were created in ceramic specimen after sintering process, the hole volume and cavity shape are linked to the volume 
and form of the MWCNT used. 
 

 

 

 
Fig. 5: SEM of MWCNTs with low enlargement  Fig. 6: SEM of MWCNTs with high enlargement 

  

 

 

 
Fig. 7: SEM of PMNT ceramic powder as starting 
material 

 Fig. 8: SEM of PMNT ceramic powder and 
MWCNT as starting materials 

 

 

 

 
Fig. 9: Section of PMNT ceramic after sintering 
with addition of MWCNTs as pore forming agent 
at low magnification 

 Fig. 10: Section of PMNT ceramic after sintering 
with addition of MWCNTs as pore forming agent 
at high magnification 
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4. Conclusion  

Inter-granular Nano porous PMNT ceramics were designed with MWCNT as voids formers with Nano size the porosity of 
Nano porous PMNT ceramic was increased nearly 24% more than unmixed specimen with the increment 0.1 wt.% of 
MWCNT. XRD test detected only Perovskite structure for dense and porous PMNT ceramics with no other 
crystallographic structure. The perfect sintering method was determined in agreement with Tg and DTG tests of MWCNT 
the results of thermal analysis of MWCNT shows that the complete burnout of pore forming agent was about 850 ℃ 
therefore the initial heating rate was 1 ℃/min up to 850 ℃ to assure the complete burnout of the MWCNT from the sample. 
The resultant pores are mostly Nano pores with range about 18-28 nm were shaped in ceramic afterward sintering process 
and the hole volume and cavity form are concerned with dimensions and shape of the MWCNT used. 
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