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Pore Structure and Thermal Conductivity of
Foam Concrete Based on X-CT
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Abstract: In order to study the difference of pore structure and thermal conductivity of foam concrete with different
densities, X-ray computer tomography (X-CT) was used to scan foam concrete samples of four densities, and the
three-dimensional reconstruction of pore structure of foam concrete was realized. Based on the pore characteristics
and distribution of the sample, the foam concrete models of four densities were established by using the randomly
generated code of Matlab, and the steady-state heat transfer was simulated in Comsol finite element software. The
results show that the pore size distribution of foam concrete approximately obeys lognormal distribution. The porosity
and pore diameter decrease with the increase of density, and the pore shape tends to be spherical. The internal heat
transfer of foam concrete is mainly carried out in the cement matrix. A small part of the heatflow will pass through
small pores, while large pores increase the conduction path of heat flow, which has a great influence on the thermal
conductivity of foam concrete.
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Table 1 Mix proportion and dry density of foam concretes
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Mix proportion/(kg-m™)

Sample Dry density/(kg-m )
Cement Foaming agent Water

A05 513 352.00 41.80 212.00
A06 611 426.00 40.15 256. 00
AO08 822 563. 00 37.40 338.00
A10 1045 737.00 33.55 442.00
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Fig.1 Gray scale analysis and threshold segmentation of CT image
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Table 2 Porosity of foam concrete specimens

Porosity by Porosity by Calculated
Sample o :
X-CT NMR porosity
A05 0.621 0.636 0. 688
A06 0. 524 0.553 0. 595
A08 0.471 0.501 0. 545
A10 0. 385 0.433 0.482
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Fig. 2 Section diagrams of foam concretes with four densities
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Fig. 3 Pore size distribution of foam concretes
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Table 3 Pore characteristic parameters of foam concretes

Parameter
Sample Calculated porosity Average diameter/pm Pore number
o/ pm o/pm
A05 0.688 1276.91 35029 7.2340 0.286 0
A06 0.595 1097.28 50 495 7.1330 0.2910
A08 0.545 582.17 71938 6.356 3 0.4852
A10 0.482 227.95 122 841 5.3870 0.5039
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Fig.4 Sphericity distribution of pores in foam concretes
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Table 4 Thermophysical parameters of materials

. Thermal - :
. Density/ . Specific heat capacity/
Material (kgm?) conductivity/ (ke K1)
‘m . .
g (Wem K1) g
Cement 1 800. 000 0.930 1050
Air 1. 205 0.023 1005
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Table 5 Thermal conductivity of foam concretes

W/(m-K)
Source A05 A06 A08 A10
Test result 0.128 0.146 0.184 0.258

Comsol simulation 0.153 0.184 0.241 0.305
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