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Abstract 

The characterization of the porosity of ceramic materials is of prime importance for numerous 

applications. The work is being presented in two parts: A and B. In this part (Part A), several porous 

SiC samples exhibiting different sizes and porosity spectra were characterized by capillary infiltration 

of hexadecane at room temperature. The model materials contain a bimodal pore population generated 

by cracks and porogens. The monitoring of the weight increase in time for each sample evidence the 

occurrence of two successive filling stages with specific kinetics, except for the reference samples which 

contain only one kind of pore. The first kinetic is found clearly larger than the second. A new analytical 

function was used to identify the transition times and the kinetics of each stage. The various values of 

the kinetics revealed the occurrence of different infiltration mechanisms. The same model correlates 

silicon infiltration observations as well (Part B). 
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1. Introduction 

Liquids rising in porous media plays a determinant role in numerous fields such as geology, concrete, 

oil recovery, catalysis, textile, paper industry, food processing, biotechnology, and in the production of 

structural materials by melt-infiltration [1-9]. Structural composites (CMC and MMC) are advanced 

materials widely used for aerospace, automotive, defense, and general engineering applications [10]. 

Pressureless infiltration of liquid metals into packed ceramic particulates or fiber preforms is obviously 

an efficient process for the fabrication of this kind of composite [11-14]. It offers the potential to be an 

alternative, simple and low-cost processing route for the manufacture of ceramic reinforced metal matrix 

composites without remaining porosities. Recently, special interest has been focused on SiC ceramic-

reinforced metal-matrix composites. It was demonstrated that high SiC volume fraction composites can 

be produced by infiltrating liquid metals into packed SiC powder. This way was applied successfully at 

relative low temperatures with aluminum and copper [15,16]. MMC can be tailored to have superior 

properties such as enhanced high-temperature performance, high specific strength and stiffness, 

increased wear resistance, better thermal and mechanical fatigue, and creep resistance than those of 

unreinforced alloys. This way is also applied for the fabrication of SiC/Si composites by capillary 

infiltration of molten silicon into porous silicon carbide [17-19]. Macroporous silicon carbide is widely 

used in various industrial applications including filtration for gas and water, absorption, catalyst 

supports, concentrated solar power, thermoelectric conversion, etc [20-21]. In broad terms, the 

mechanism of liquid transport involves capillary rise, but the precise details are lacking. In particular, it 

remains a lack of understanding about the filling of bimodal or even multimodal porous networks 

containing for example cracks and/or bubbles [22-23]. The Lucas-Washburn equation is a fundamental 

expression used to describe liquids rise in capillaries but also surprisingly in porous media [24-26]. In 

this case, this equation is based on the pore radius, the liquid viscosity, the surface tension, the contact 

angle, and the time. In a previous paper we confirm that the Washburn equation can be successfully 

applied to hexadecane filling of SiC compacts with narrow range porosities [27]. But these compacts 

are not always representative of real materials that commonly contain more complex porous networks 

with cracks and cavities. The aim of the present study is to investigate the infiltration kinetics of 

hexadecane at room temperature into SiC porous compacts with different pore distributions by the in-

situ measurement of the weight gain versus time. Then, the experimental measurements can be 
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mathematically analyzed to determine the effect of larger porosities on the capillary infiltration 

mechanism and kinetic. 

 

2. Background on the capillary infiltration into porous SiC  

Several methods can be applied to measure porosity: buoyancy, gas expansion (He porosimetry), gas 

adsorption (BET), mercury intrusion porosimetry and saturation or imbibition [28]. All these methods 

are complementary as they reveal different characteristics of the porosities. Particularly, the imbibition 

by capillary rise is a useful and simple tool to characterize porous materials as it measures the 

progression of the liquid in the pore network [26,29]. The Lucas-Washburn equation describes the front 

height evolution in porous materials during capillary infiltration [24-26] (Equation 1): 
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where 
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distribution with or without cracks. Such a method could be useful to the production of porous or 

composite materials of SiC [35].  

 

3. Experimental 

3.1 Starting materials 
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contain less than 500ppm of total impurities. Industrial compacts and commercial foams were cut into 

rectangular specimens of about 50×5×5mm3 and 45×8×5mm3, respectively. All compacts were settled 

by polishing with a precision of at least 100 µm to homogenize their section. This stage is of importance 

as the capillary infiltration kinetic of a liquid depends on the cross section. Laboratory grade hexadecane 

provided by Sigma Aldrich Co. (USA) was used for the capillary infiltration experiments at 20°C. In 

Table 1 we give the contact angle on SiC, the dynamic viscosity, the density and the surface tension of 

hexadecane [36]. 

 

3.2 Characterization of the materials 

Pore-size distributions of each type of sample were obtained from mercury intrusion porosimetry 

(Autopore IV, Micromeritics Instrument Corp., USA) for a sample volume between 0.6 and 1.2 cm3. 

The porosity 
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longer durations and the weight of the meniscus can be deduced after the breakage of the contact with 

the liquid. The computed tomography X-ray scans of the compacts were performed using a 140kV X-

ray source 
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in Figure 7 which show the 
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4.2 Analytical analysis of hexadecane infiltration  

As mentioned above, many interesting studies were realized about the capillary infiltration of liquid in 

capillaries and some works deal with the infiltration in porous materials. This last case is more complex 

as the porosities may be irregular and some large defects can easily occur which may have a significant 

effect on the kinetic of saturation. Thus, it was previously identified in porous materials that a difference 

of time occurs between the filling of quickly penetrated capillaries and the complete filling of slow 

penetrating capillaries which implies the presence of at least two characteristic pore sizes [26]. Kumar 

et al. also consider the effect of two types of pore with different sizes on the infiltration of 3D-stitched 

C-C preforms [30]. In those two cases, a modification of the Washburn equation is made to explain the 

measurements with two pore sizes based on one infiltration kinetic. These considerations are not directly 

applicable to the results reported herein as two filling kinetic are clearly identified. This can be justified 

by the elevated difference in size between the small pores and the large defects in our model materials. 

Others classical analytical theories can be considered depending on the limiting phenomenon. 

Particularly, the asymptotic solution describing the saturation of porous materials can be expressed by 

a relaxation law which consists in an exponential variation of the front height in time [39]. Another 

interesting analytic solution to describe the saturation effect implies the Lambert equation [40]. In our 

opinion, no one of these theories can accurately model the two-staged weight increases reported in the 

present work. Consequently, a new model is proposed here. As two successive linear variations of the 

squared weight gain with time are observed, it can be considered that two kinetics, called 
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The expression of
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kinetic is almost twice as high as the kinetic of the reference R1. The 



12 
 

percentage of filling associated to each kinetic, as shown in Figure 10-b). The comparison of these 

figures reveals that the duration for the complete filling increase in the presence of large porosities, as 

the reference samples need the shortest durations for full filling. The presence of large and practically 

isolated porosities induced a large increase of the saturation time as highlighted by the compacts 

prepared with balls. It should be noted that the isolated large pores cannot be completely filled because 

of the presence of air trapped in these pores. The estimation of the filling volumes during the two kinetic 

stages can be compared with mercury porosimetry analyses to determine the limiting size of pores filled 

during the first stage assuming that the smaller porosities are filled first. In this way, the transition occurs 

for pores close to 1µm for C1 and B10 compacts. The upper limit size of filled pores during the first 

stage is found close to 10µm for F7.5 and 3µm for F1 samples. A limit value of 0.2µm is identified for 

G1 sample. The findings reported herein could be highly useful for a better understanding of the liquid 

filling of porous materials with bimodal or multimodal pores distribution. From these results, a partial 

permeability value can be obtained for each stage. Indeed, for each kinetic a value of the filled porosity 

can be estimated and these values can be used in Equation 9 to calculate the two partial permeabilities 
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solvent having a suitable saturation vapor pressure to limit the losses. This parameter must be considered 

carefully before any test under penalty of erroneous measurements. 

 

5. Conclusion 

The infiltration of several different porous SiC materials by hexadecane have been investigated. These 

model materials contain at least a bimodal pore population generated by cracks and holes. Their filling 

by the liquid is compared to reference compacts containing only one pore population. The capillary 

infiltration experiments reveal two successive stages with different kinetics of the weight gain. The first 

kinetic is clearly larger than the second kinetic. These kinetics depend on the size of the filled pores, the 

smallest pores being impregnated first. The saturation time is consequently more or less strongly 

increased in the presence of these large defects. A new analytical function was used successfully to 

analyze the experimental measurements. The transition times between the two stages and the kinetics of 

each stage are determined with this function. It was evidenced different values of the kinetics revealing 

the occurrence of different infiltration mechanisms. Extrapolations were also realized to estimate the 

duration for the complete filling of each sample. This analysis method of the infiltration data is an 

interesting way to characterize porous materials and to reveal their microstructure defects. In Part B, 

studies on molten silicon capillary infiltration have been reported. 
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a) b) 

  
c) d) 

Figure 1: Starting materials: a) grain size distribution of the SiC powder, b) secondary electrons image 
(magnification x30000) of the SiC powder; c) optical microscopy (magnification x5) of the PMMA balls and 

d) optical microscopy (magnification x5) of the LLDPE fibers. 

 

 

  
a) b) 

Figure 2: Pore-size distribution of the six SiC compacts types: a) for reference SiC, cracked SiC and SiC 
+10%vol. balls, SiC+7.5%vol. fibers; and b) reference SiC, SiC foam and SiC Galtenco. 
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a) b) 

Figure 3: Capillary rise tests of hexadecane in SiC compacts:  
a) schematics of the experimental set-up and b) Typical time dependence of weight gain. 
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a) b) 

  
c) d) 

  
e) f) 

Figure 4: Representative 3D reconstructed computed tomography X-ray image of some 
of the samples tested in this study: a) reference SiC (5
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a) b) 

  
c) d) 

  
e)  f) 

Figure 5: Cross-section images reconstructed from computed X-ray tomography of some 
of the samples tested in this study: a) reference SiC; b) cracked SiC; c) SiC+10%vol. balls; d) 

SiC+7.5%vol. fibers; e) SiC Galtenco; f) SiC foam. 
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a) b) 

Figure 6: Time dependence of the weight gain during hexadecane capillary rise in one compact of each 
family: a) percentage of filling curves and b) squared weight gain curves normalized to the section. 
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a) b) 

  

c) d) 

  

e) f) 
Figure 7: Time dependence of the squared weight gain curves normalized to the section during 

hexadecane capillary rise compared to reference SiC (1): a) reference SiC, b) cracked SiC, c) SiC + balls, d) 
SiC + fibers, e) SiC supplied by Galtenco, and f) SiC foams supplied by SICAT. 
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a) b) 

  

c) d) 

  

e) f) 
Figure 8: Experimental and fitted time dependence of the weight gain during hexadecane capillary rise and 

fitted values of 
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Figure 9: Graphic comparison of the 
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Table 1: Physical properties of hexadecane at 20°C [36] 

Physical properties Hexadecane (20°C) 

���}�v�š�����š�����v�P�o�����}�v���t-SiC (°) 0 

Dynamic viscosity �� (g.cm-1.s-1) 3.04×10-2 

Density �! (g.cm-3) 0.77 

Surface tension �1 (g.s-2) 27.42 

 

Table 2: Porosity, dimensions and filling kinetics of the six main samples 

 

Table 3: Experimental partial permeabilities 
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