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Abstract 

The influence of solid loading, monomer content and ratio of monomer to cross linking agent on the flexural strength and the 
porosity Si3N4 ceramic sintered body were investigated. The high strength porous Silicon Nitride (Si3N4) ceramics were prepared 
using gelcasting by increasing the monomer content in the slurry and flexural strength of the ceramic composite increases as the 
solid loading increases and flexural strength decreases as the monomer content increases. The porosity of the ceramic composite 
decreases as the solid loading increases and porosity increases as the monomer content increases. Flexural strength and porosity 
were determined as objective functions and a mathematical model is generated using Multi Gene Genetic Programming (MGGP). 
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1. Introduction 

1.1 Gelcasting 

Silicon nitride (Si3N4) ceramics are considered as the acceptable material for their beneficial mechanical, 
chemical and physical properties at room and elevated temperatures [1, 2]. Different types of manufacturing methods 
are available to prepare Si3N4 ceramic composites. Among all gelcasting process is considered to be efficient. 
Gelcasting is an innovative approach to prepare the porous ceramic composites used in manufacturing of high 
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quality and complex shaped ceramic parts for numerous industries. The ideas are borrowed from the traditional 
ceramic processing [1]. During the gelcasting process, the binder forms a strong, continuous gel network, which 
permanently fixes the ceramic particles in their positions, hindering the formation of in-homogeneities during 
subsequent drying and sintering [3-7]. 

 
1.2 Multi Gene Genetic Programming (MGGP) 

 
An increasingly popular technique is the multi gene genetic programming (MGGP). In a standard genetic 

program, the representation used is a variable-sized tree of functions and values. Each leaf in the tree is a label from 
an available set of value labels. Each internal node in the tree is label from an available set of function labels. The 
entire tree corresponds to a single function that may be evaluated. Typically, the tree is evaluated in a leftmost depth 
first manner. A leaf is evaluated as the corresponding value. A function is evaluated using an argument that is the 
result of the evaluation of its children. Genetic algorithms (GA) and genetic programming are similar in most other 
respects, except that the reproduction operators are tailored to a tree representation [8, 9]. A multigene individual 
consists of one or more genes, each of which is a traditional GP tree. Genes acquired incrementally by individuals in 
order to improve fitness (e.g. to reduce a model’s sum of squared errors on a data set). The overall model is a 
weighted linear combination of each gene. Optimal weights for the genes are automatically obtained (using ordinary 
least squares to regress the genes against the output data). The resulting pseudo-linear model can capture nonlinear 
behavior [10]. 

2. Experimental Details 

2.1Preparation of gelcasting Si3N4 ceramics 
 
Fig. 1 shows the detailed flowchart of the gelcasting process. 
 

 
 

Fig. 1. Flow chart of gelcasting process 
 

During the gelcasting preparation of porous Si3N4 ceramics, in the first step, dispersant (Dolapix A88, 1 
wt%, based on silicon nitride) and monomers (MAM-methacrylamide and MBAM- N, N1-methylenebisacrylamide) 
were completely dissolved in distilled water by magnetic stirring, and the premix solution was served as a dispersing 
media for the ceramic powders. The next step was to add silicon nitride powder and suitable sintering additives (2 
wt%, Al2O3; 1 wt%, Y2O3) into the premix solution, and the slurry was degassed for 15–20 min. After that APS 
(Ammonium persulfate) and TEMED (Tetramethylethylenediamine) are added to the premix slurry which acts as 
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