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4. Conclusions

A novel ion transport inhibiting material was designed, fabricated
and tested in this work. Molecular dynamics simulations were em-
ployed to determine a suitable chemical structure of smart polymers to
regulate the capillary penetration of fluids, while experiments were
carried out to test the real inhibiting effect of polymers on the transport
of water and chloride ions in the porous cementitious matrix.

The designed smart polymer should own one hydrophilic (eCOO−)
end and large numbers of hydrophobic (alkyl) groups. On the one hand,
the carboxyl group ensures the stable adsorption on the surface of C-S-
H, due to the strong electrostatic attraction between high polarity
oxygen atoms (from eCOO−) and calcium ions (from C-S-H surface).
On the other hand, hydrophobic chains help prevent the transport of
fluids. In such a scenario, as fluids were advancing in a gel pore of C-S-
H, smart polymer chains, with one end adsorbing on the matrix surface,
gradually stood perpendicular to the matrix, which blocked the channel
and decreased the cross-sectional area of a transport path. Therefore,
the penetration depth and mean square displacements of bulk water
molecules and chloride ions were dramatically decreased, as compared
with the free capillary penetration process.

Based on the interaction mechanisms among C-S-H matrix, fluids,
and organics elucidated above, smart polymers were made into ions
transport inhibitors and added to the concrete mixtures. The experi-
mental results prove that the water adsorption amount and chloride ion
migration rate of concrete samples experience a huge decrease, in-
dicating the high efficiency of the ion transport inhibitor and sub-
stantial enhancement in the durability of reinforced concrete structures.
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