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Many defects in ceramic parts are generated in the forming process, before 

firing. However, in several cases, it is not clear exactly in which stage of the process of 

ceramics production the defects arise. Indeed, cracks and other heterogeneities are 

very hard to identify in green ceramic bodies using conventional techniques, mainly due 

to difficulties in preparing samples suitable for observation. In the case of low pressure 

injection molding (LPIM), this problem is often critical, because of the high binder 

fraction (about 50% in volume) present in the green ceramic parts. 

Very fine ceramic powders can form agglomerates during the mixing of powder 

and binder for LPIM. In these cases, even the best debinding process will not lead to 

the production of good ceramic parts. Moreover, the very injection process may lead 

to further inhomogeneities due to the large shears and turbulence involved in the 

process.  The non-uniform distribution of ceramic powder in the injected parts may 

also lead to cracking during sintering. Accordingly, in order to optimize the process of 

making of ceramic parts, it is imperative to verify whether the defects observed in 

some pieces after debinding or sintering could be tracked back to the forming process.  

With this objective in mind, in this letter we describe a quantitative method for 

ceramic powder distribution measurement in green ceramic bodies, based in the 

analysis of the absorption of γ and x-ray radiation of different energies. The method 

described in this letter constitutes a low cost alternative to other procedures already in 

use for the characterization of green ceramics, including x-ray tomography  [1] and 

NMR/MRI [2-4], among others.  
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The powder distribution in green ceramics bodies was obtained by the 

measurement of the relative absorption of photons emitted by an 241Am source as they 

cross a thin section of a green body. This measurement, carried out at distinct 

positions, permittes to obtain a relative density profile along different axis of the 

sample [5].  

A narrow beam of monoenergetic photons, with an incident intensity I0, 

penetrating a layer of material with thickness x and density ρ, emerges with intensity I 

given by [6] 
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where µ/ρ is the mass attenuation coefficient of the material. The µ/ρ coefficient 

depends on the incident photon energy and on the target material. The mass 

attenuation coefficient µ/ρ for mixtures and compounds (assumed homogeneous) are 

obtained according to a simple additive relationship 
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where wi is the mass fraction of the ith constituent of the mixture. In our case, the green 

bodies are supposed to be constituted by only two components, namely alumina (1) 

and binder (2). Accordingly, from the above two expressions we obtain 
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 In terms of the volume fraction (vi) of each component, the above expression 

can be written as 
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 Moreover, as the radiation beam’s cross section is almost constant along its 

pathway through the sample, the volume fraction of each component can be expressed 

in terms of an “equivalent thickness” xi, whose summation amounts to the overall 

thickness of the sample. The equivalent thickness xi corresponds to the length 

comprised by the ith component through which the radiation beam cross before it 

emerges from the sample. Taking vi=xi/x, eq. (4) thus becomes 
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Considering now the absorption of radiation by a sample of overall thickness x, 

for distinct energies EA, EB and EC, we obtain the following equations  
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where µi is the linear coefficient of attenuation for the ith  component of the mixture, 

and x1 + x2 = x. It is the measurement of the relative absorption of photons with 

different energies that will permit us to quantify separately each component present in  

the green body. The use of an overdeterminated system of equations yields a more 

robust estimate for the unknowns xi and, consequently, for the mass fraction wi of each 

component of the green body. 

Fig. 1 illustrate the attenuation of the radiation emitted by an 241Am source, 

when the beam cross a typical green ceramic sample. The sets mark the peaks whose 

integrated intensities were determined as input parameters for (6). 

 

Insert Fig. 1 

 

Table I shows the dependence with the photon energy of the mass attenuation 

coefficient of the green ceramic components, as experimentally determined using the 

same equipment employed for the measurement of the radiation absorption by the 

green ceramic samples. The mass  attenuation coefficient of the binder mixture was 

obtained by measuring the relative intensity decrease of three selected peaks from the 

emission spectrum of 241Am, as they cross a cylinder made of binder, with known 

thickness. The mass attenuation coefficient  for sintered alumina was determined in the 

same way. 
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TABLE I Dependence with photon energy of the mass attenuation coefficient of  the binder mixture 

and sintered alumina.  

Photon energy (keV) 13.93 17.75 26.35 

µ/ρ of binder (cm2/g) 0.885 0.545 0.263 

µ/ρ of alumina (cm2/g) 6.168 3.055 1.102 

 

The ceramic powder used in this work was submicrometer-sized alumina 

(Al2O3) A-1000SG (Alcoa), with specific surface area of 9 m2/g, 99.9% purity and 

particle size of about 0.4 µm. The machine used for LPIM was a Peltsman MIGL-33. 

The mixture was prepared directly in the LPIM machine, and consisted of 86 wt% of 

alumina and 14 wt% of binder. The major binder component was paraffin wax, which 

represent 75 wt% of the binder. Others components were added in minor proportion to 

the binder mixture, including polyethylene wax, carnauba wax, stearic and oleic acids 

[5,7].  

The ceramic pieces molded with this mixture were bricks with dimensions of  

34 x 63 x 10mm. These bricks were cut into several slices with 3 mm of thickness. 

A schematic drawing of the equipment used in this work is show in Fig. 2. The 
241Am source employed in this work was a low-activity source used for calibration of 

energy dispersive solid state detectors. For the measurement of the sample absorbance, 

each spectrum was taken with an acquisition time of 15 min. The spatial resolution of 

our experimental setup is of about 1 mm. The resolution could be improved using 

smaller slits, at the expenses of greater acquisition times. 
 

Insert Fig. 2 

 

Fig. 3 shows the mass fraction of alumina versus position of measurement 

along the transversal axis of a typical sample of a LPIM green ceramics. The variation 

of alumina content along the transversal axis of the sample is of the same order of the 

experimental uncertainty of our measurements. Accordingly, within the experimental 

uncertainty level, this green ceramics do not show any appreciable inhomogeneity  in 

powder distribution. 
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Insert Fig. 3 
 

Fig. 4 shows the result obtained for a green ceramic piece with a non-

homogeneous powder distribution. The local variation of the alumina content is quite  

visible in the form of a pronounced decrease in the radiation absorbed by the sample. 
 

Insert Fig. 4 

 

The analysis of a large set of measurements show that the alumina 

concentration in different points of  the great majority of the ceramic samples prepared 

by LPIM do not vary by more than about 1 wt%, i.e, within the actual uncertainty of 

our measurements. Accordingly, our results rule out the possibility that the cracks that 

appears during the debinding or sintering steps could have its origin in the forming 

stage. 

The method described in this letter constitute a low cost alternative the now 

available computadorized x-ray tomographs that has been used for green ceramics 

analysis. The multi-wavelenght characteristic of our approach permits to get 

information about the mass fraction distribution of binder and ceramics in the green 

body. The application of the present technique to the mapping of the spatial 

distribution of different ceramic powders in green bodies (for instance, in ceramic parts 

made of Al2O3 + ZrO2) should be straightforward. The method presented in this work 

permitted us to conclude that the defects observed in ceramic parts after debinding and 

sintering were not due to powder segregation during ceramic powder injection. In fact, 

confirming our result, sintered ceramic parts free of defects were obtained after 

optimization of the furnace programmation for debinding [5,7]. 
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Figure Captions 

 
Fig. 1  Attenuation of the radiation emitted by an 241Am source as the beam cross a green ceramic 

body. The dashed line represents the peaks from an  241Am source. The continuous line show the 

spectrum attenuated by absorption as the radiation cross a thin sheet of a green body. 

 
Fig. 2  Schematic drawing of the equipment used for the evaluation of the ceramic powder distribution 

in green bodies.  
 

Fig. 3  Mass fraction of alumina along the transversal axis of a typical green ceramic piece. 

 

Fig. 4 Mass fraction of alumina in a non-homogeneous green ceramic piece. 
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J. E. ZORZI, C.A. PEROTTONI and J.A.H. da JORNADA, Fig. 1. 
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J. E. ZORZI, C.A. PEROTTONI and J.A.H. da JORNADA, Fig. 2. 
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J. E. ZORZI, C.A. PEROTTONI and J.A.H. da JORNADA, Fig. 3. 
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J. E. ZORZI, C.A. PEROTTONI and J.A.H. da JORNADA, Fig. 4. 
 


