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Abstract 

An ultrasonic method was tested to rapidly determine the porosity in custom made ceramic sam-
ples. The samples with porosities between 4 and 33% were of identical composition. The porosity esti-
mates by ultrasonic method were validated against those obtained by helium and air pycnometry as well 
as with Archimedean method. The ultrasonic measurements can be performed rapidly (less than a minute) 
but they require a well prepared sample. 
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1 Introduction 

Porosity is a physical parameter that affects the mechanical, electrical, and ther-
mal properties of rocks, meteorites, construction materials (asphalt, concrete), and many 
biological materials, e.g. wood. The porosity p of a solid body is defined as the ratio of 
the total pore volume (VP) to the bulk volume(VB): 

p = VP / VB, (1) 

Pore volume is usually determined as a difference between bulk and grain volume 
(VG � the volume of the solid matrix only). 

Porosity can be measured in several ways. In petrophysics, the most widely used 
laboratory methods include Archimedean water immersion method, gas pycnometry, or 
X-ray microtomography (Rasilainen et al, 1996, Schön, 2004 and references therein). 
Most of these methods are slow, or include sample contamination by the measuring me-
dium (gas, water, mercury etc.). Therefore, novel methods for rapid and non-destructive 
porosity measurements are required, especially to measure rare or sensitive materials, 
such as extraterrestrial samples (Kohout et al., 2008). Many physical properties of rocks 
and minerals depend strongly on porosity. For example, while permeability, elastic con-
stants,  and  seismic attenuation depend almost linearly on porosity, the density, electric  
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resistivity, thermal conductivity, and seismic velocities (longitudial � vp, shear � vs) de-
pend inversely on porosity. However, the published �physical property vs. porosity� 
plots (see review in Schön, 2004 and references therein) reveal considerable scatter. 
This scatter may be caused by differences in grain size, packing density, structure of the 
minerals and their bonding, and lithological variation (e.g, quartz content, etc.; Schön, 
2004). Recent studies also indicate inverse relationships between seismic (ultrasonic) 
velocities and porosity of rocks from a Precambrian Outokumpu assemblage (Elbra et 
al., 2011; Lassila et al., 2010), as well as from meteorite impact structures on crystalline 
target rocks (Elbra and Pesonen, 2011; Pesonen, 2011). 

In order to determine the relation between porosity and ultrasound velocity we 
carried out experimental measurements on artificially manufactured ceramic samples 
featuring constant composition and distinct variation in porosity. Porosities were deter-
mined with gas pycnometry and Archimedean water immersion method while ultrasonic 
velocities were obtained from time of flight measurements (TOF). Additionally, the ef-
fect of pore filling medium (air vs. water) on ultrasound velocity was tested. 

To determine the precision and accuracy of methods relying on ultrasonics, we 
employed the gas pycnometry and the Archimedean water immersion methods to de-
termine independently porosity of  the samples. 

2 Materials and methods 

The ceramic samples were prepared at University of Art and Design Helsinki, Fin-
land. A K69 clay mixture was prepared from commercially available materials: 40% 
feldspar (FFF K7), 30% kaolin (Grolleg ECC), 20% ball clay (Hyplas 64), and 10% 
quartz (FFQ). The mixture was prepared to ~ 10 cm diameter cylinders and subsequent-
ly fired in a kiln at 1000°C � 1200°C for 6-8hours (Table 1). Generally, an increase in 
the firing temperature reduces the porosity of the ceramics product. Hence by adjusting 
the firing temperature it was possible to adjust the porosity from 4% to 33% with identi-
cal mineral composition. Cylindrical core samples (2.5 cm diameter) were drilled from 
the final ceramic products for the measurements. The faces of the cylinders were cut 
parallel and polished for easy and reliable ultrasonic measurements. Table 1 shows the 
porosity and grain density of the manufactured samples. Based on nearly constant grain 
density composition of the samples is similar almost through the whole porosity range. 
Only at the highest firing temperatures (over 1100°C, porosities below 15%) the grain 
density starts to slowly decrease indicating possible mineralogical changes or changes 
in bonding which has taken place during fabrication. 

3 Ultrasound velocity method 

The TOF measurements across the ceramic cylinders were done using a through 
transmission technique (see Lassila et al., 2010). Briefly, the sample was placed be-
tween two identical vertically aligned transducers: Karl Deutsch S 24 HB 0.3�1.3 MHz 
transducers for longitudinal wave (vp) measurements and custom built 3.5 MHz 
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(3.2-4.2 MHz -6 dB band width) shear transducers for shear wave (vs) measurements. A 
lead weight (1 kg) on the topmost transducer induced a static load to provide better con-
tact between the sample and transducer. A 20 mm long fused quartz delay line between 
the longitudinal transducer and the sample provided a reference time of flight value. The 
shear transducers featured internal delay lines, so a reference time of flight could be ob-
tained without a separate delay line. 

Table 1. Sample firing temperature (T), bulk (DB) and grain (DG) density, porosity (p) determined by Ar-
chimedean method (average of three individual measurements, samples F2 G1 and G2 average of two 
individual measurements), air and helium pycnometry, longitudinal (vp) and shear (vs) wave ultrasound 
velocities measured for oven dried and water saturated samples. Bulk density was calculated from sample 
mass and geometrically determined volume. Grain density was calculated from sample mass and grain 
volume determined by helium pycnometer. 












