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Resume : Development of the hybrid materials with predefined properties

by addition of inorganic nanoinclusions to a polymer material constitutes a

hard challenge due to significant properties’ variations depending on

inclusion’s distribution and interaction. To understand structure-property

relations in such materials optical image analysis and numeric modeling are
widely used, however matching such data with properties’ measurements for
industrial nanocomposites requires a link to be established between P1 11
experimental and modeling length scales. In this work a computer code was
developed to create a model composite structure with a predefined

distribution probability of inclusions using NVIDIA CUDA GPGPU approach.

The code is capable of randomly populating and analyzing samples of the

typical size of microphotographs used for experimental characterization and
typical nanoinclusions’ concentrations avoiding unphysical intersections and

thus allow correlating the results of both optical characterization and

statistical computer modeling. The initial probability distribution can be

taken from experimental samples and further varied to investigate the effect

of distribution on a desired property. Application to study the effect of

carbon nanotubes and carbon nanofibers in a polymer matrix on the

composite electrical and mechanical properties is discussed. This work is a

part of Marie Curie Initial Training Network "CONTACT" (FP7-PEOPLE-ITN-
2008-238363) http://www.contactproject.eu/.
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/ Abstract: Development of the hybrid materials with predefined properties by addition of inorganic nanoinclusions to a polym%
material constitutes a hard challenge due to significant properties’ variations depending on inclusion’s distribution and interaction. To
understand structure-property relations in such materials optical image analysis and numeric modeling are widely used, however
matching such data with properties’ measurements for industrial nanocomposites requires a link to be established between
experim ental and modeling length scales. In this work a computer code was developed to create a model composite structure with a
predefined distribution probability of inclusions using NVIDIA CUDA GPGPU approach. The code is capable of randomly populating and
analyzing samples of the typical size of microphotographs used for experimental characterization and typical nanoinclusions’
concentrations avoiding unphysical intersections and thus allow correlating the results of both optical characterization and statistical
computer modeling. The initial probability distribution can be taken from experimental samples and further varied to investigate the
effect of distribution on a desired property. Application to study the effect of carbon nanotubes and carbon nanofibersin a polyry

\@rix on the composite electrical and mechanical propertiesis discussed.
Sequence of generation of microphoto-scale computational models for analysis and simulation.
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Rates of filling 168 um cube with 4um x 10 nm cylindrical inclusions:
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Examples of applications:

/ Inclusions’ contact surface area evaluation and

/ Estimation of composite mechanical properties
properties correction:

depending on CNF orientation:

The fiber surface area between 2 fibers doesn’t
participatein polymer-inclusion stresstransfer

Tensile tests (CNF/Epoxy) —
experimental observation
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Withthe increase of nanofiber content
the ineffective surface areaincreases up
t0 20 % by 2 wt%.

Changeintotal ineffective area
depending on nanofiber distributioncan
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Elastic modulus depending on
the orientation state
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To be added soon:

various inclusion shapes (only spherically capped cylindersare implemented at the moment);
equivalent resistance network building;
equivalent continuum distribution of mechanical properties;
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