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In this study, cement mortars that have bulk hydrophobicity were made, and
their properties, for example, water absorption and chloride resistance, were studied
experimentally. First, two types of hydrophobic mortars were made by directly adding a hydrophobic
agent in mixing or spraying the agent on sand before mixing. Hydrophobicity was confirmed by
measuring contact angle. Then, water absorption test was performed under uncracked and cracked
conditions. It was found that, because of the bulk hydrophobicity, the surfaces of cracks were water

repellent, leading to less water absorption for the hydrophobic mortars. After that, experiments of
chloride penetration and corrosion were carried out. The results indicated that the hydrophobic
mortars showed less chloride diffusion, resulting to a less corrosion for the rebars inside the
mortars. Finally, strength and shrinkage behaviors were measured. The hydrophobic mortars were found
to have a lower strength but less shrinkage.



Deteriorations of concrete are closely related to water ingression. For example, chloride ions diffuse
into concrete with water, causing corrosion of steel bars. From the viewpoint of durability, water tightness
of concrete is very important. This is usually achieved by optimizing the mix proportion to decrease
diffusivity. Another common way isto coat the surface using hydrophobic agent, making concrete become
water repellent.

In spite of low diffusivity or surface coating, concrete loses its water tightness significantly if crack
occurs. Crack becomes a convenient channel for water and ions, so accelerates deterioration. Repairing
cracks spends a lot of cost, time and labors. An idea way, from maintenance viewpoint, is that cracked
concrete could keep its water tightness even without repairs. Towards this direction, recently a concept of
hydrophobic concrete is attracting the attentions of researchers. Manufactured by mixing hydrophobic agent
(HPA) as admixtures, not only the surface but also the bulk concrete tends to be water repellent. Compared
with surface coating, hydrophobic concrete saves the labor and time of treatment. More importantly, it
shows a potential that, even if the crack occurs, the overall water tightness of concrete can be preserved,
because the crack surfaceisalso water repellent. Therefore, it isadvantageousin both reducing maintenance

cost and increasing the durability of concrete, having a broad perspective of practical use.

This study focuses on atype of hydrophobic cementitious materials. In this study, with different agent
dosages and manufacturing processes, the water tightness of hydrophobic mortar and hardened cement
paste, especially under cracked condition, are systematically studied. Furthermore, its resistance to chloride
ion penetration and corrosion are studied experimentally. It is expected that this research will improve the
understanding of durability of hydrophobic concrete, promoting its practical use. In details, the study
includes below:

1). Quantitative eval uation on water tightness of hydrophobic mortar and hardened cement paste under
cracked condition.

2). Study on the chloride ion penetration and steel corrosion in hydrophobic cementitious materials.

3). Study on the properties of hydrophobic cementitious materials, for example, strength and shrinkage.

(1) Materials and HPA blending

Ordinary Portland cement and river sand were used to make mortar and cement paste. A type of non-
reactive alkyl denatured silicone oil, which isacommercial product of surface hydrophobic agent, was used
asHPA. It hasamolecular structure of siloxane with areplaced side chain by long chain alkyl (Fig. 1). Two
methods were employed to blend the HPA into the mortar: (1) direct mixing, which wasto disperse the HPA
into water evenly, and poured it into the mixer with cement and sand to mix; (2) sand spraying, which was
to spray an amount of HPA on the surface of dry sand, and stir the sand repeatedly to hydrophobizeit evenly,
followed by that the sprayed sand was dried, and mixed with cement and water for mortar. For comparison,

normal mortar without blending of HPA was prepared as a reference group.
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Fig. 1 Molecular structure of the HPA Fig. 2 Cracked specimens for absorption



(2) Water absorption
*  Uncracked mortar

40x40=160 mm prism specimens were casted. At 7-day age, two types of drying were applied prior to
the absorption procedure. One was to dry the specimen at 20°C and RH 60%, and the other was that at 40
°C and RH 40% in an oven. After the drying, the specimens were placed into water, with the water level 1
cm above the upper surface. Absorption ratio was calculated by dividing the weight gain to the original
weight at the point of absorption.
*  Cracked mortar

40x40x75 mm prism specimens were prepared. An artificial crack penetrating the specimens was
made at the top surface (Fig. 2). The width of induced crack was about 0.3 mm. Similar with the uncracked
mortar, two types of pre-dry conditions were applied, 20°C & RH 60% and 40 "C & RH 40%. After that,
each specimen was coated with epoxy resin on the side and bottom surfaces, remaining the top surface open
inair. A sink was set on the top surface for absorption.
(3) Contact angle

The upper and bottom surfaces of mortar specimens were polished. A droplet of water was dripped on
with a pipet on each surface for several times. The shape of the droplet was observed using a digital
microscope. Drawing atangent line along the droplet from its contact point with the mortar surface, contact

angle was measured (Fig. 3).
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Fig. 3 Measurement of the contact angle Fig. 4 Chloride diffusion test
(4) Chloride diffusion

The specimensfor chloride absorption were cylinder with 50 mm in diameter and a70 mm height (Fig.
4). The specimens were dried at 20°C & RH 60%. Similar with water absorption of cracked specimens,
side and bottom surfaces were coated with epoxy resin. A sink was set on the top surface. The diffusion
experiment was conducted by filling the sink with 10% salt solution. The specimens were cut by saw to
obtain dices, at the depth of 0 ~ 10 mm and 20 ~ 30 mm from diffusion surface. The slices were crushed
and grinded into powder, and sieved through 149um mesh. The fine powder was vacuum dried. The total
chloride content in the powder was analyzed. 5 g powder was mixed with 80 ml nitrate acid solution with
aconcentration 1.0 mol/L. Heated to boiling and standing for 5 min, the suspension was kept stirring. Then,
the suspension was filtered. Potentiometric titration against silver nitrate was implemented for the filtered
solution, to determine the content of chlorideionsin the solution. The total content of chloridein the mortar
was calculated.
(5) Corrosion

60x60x150mm prismatic specimens were prepared with a D10 steel rebar pre-embedded in each
specimens before mixing. Two artificial cracks with the width of 0.2mm were prepared at the top surfaces.
The specimens were coated using epoxy resin for all of the surfaces except the cracked top surfaces (Fig.
5). A cycle of 8-hour immersion in 10% NaCl solution and 40-hour drying at 20°C & 60% was repeated
until different times, for example, 14 days, 28 days, and 60 days. Then, the specimens were broken and the

surfaces of the steel bars were observed for corrosion degree.



Fig. 5 Corrosion test Fig. 6 Shrinkage test
(6) Strength and shrinkage

Cylindrical specimens of diameter 50 mm and height 100 mm were prepared for compressive strength.
Those specimens were kept sealed under 21+1°C, and the measurement was carried out at the ages of 7
days and 28 days, respectively.

For shrinkage test (Fig. 6), 40x40x160 mm prisms were prepared. A type of embedded strain gauge
was fixed in the center of the mold by thread. Each surface of the mold was surfaced with Teflon sheet to
eliminate friction. After casting, the top surface was sealed. Measurement of deformation began
immediately, and data was recorded by a data logger. The measurement of autogenous shrinkage was
continued until the 7-day age. During the process, the specimens were stored at 21+1°C.

At the age of 7 days, sealing was removed, exposing the specimens at 21+£1°C and RH 60%. Drying
shrinkage was kept measuring for two weeks. Asacomparison, another method wasimplemented according
to JS A 1129-2. Specimens with the same size and sealing until 7 days, sticking two metal pins on the
surface in the longitudinal direction. Their distance, during the drying, was measured using a portable

lengthmeter.

(1) Water absorption

For uncracked specimens (Fig. 7), it can be found that the hydrophobic mortars, either made by direct
mixing or sand spraying, show much lower water absorption than the normal mortars. In addition, the
mortars made by sand spraying show less water absorption than those by direct mixing. Thiseffect is higher
when more HPA was sprayed to the sand (50ml HPA/1kg-sand> 25ml HPA/1kg-sand). Moreover, for direct
mixing, higher addition ratio of HPA causes lower water absorption. Also, when the specimens were pre-
dried under more severe condition (40°C & RH 40%), high water tightness (low water absorption) can be
preserved in the case of the hydrophobic mortars.

For cracked specimens (Fig. 8), it can be found that the hydrophobic mortars have much less water
absorption than the normal ones. Similar with the un-cracked specimens, water tightness is better for the
sand-spraying specimens (50ml HPA/1kg-sand) than the direct-mixing specimens. Thisindicatesthat, even
cracks occur, the hydrophobic mortars still preserve a good water tightness because of the water repellency

at crack surfaces.
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Fig. 7 Water absorption of uncracked specimens
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Fig. 8 Water absorption of cracked specimens

(2) Contact angle

Theresult of contact angleis shownin Fig. 9. It can be seen that the contact angles of the hydrophobic
mortars are much higher than the normal ones, especially those made by sand spraying. The sand-spraying
specimens have contact angles above 90°. For direct mixing, after 28 days, the contact angles increase
significantly compared to those at 7-day age. The whole results are consistent with the water absorption
test. A higher contact angle leads to less water absorption.
(3) Chloride diffusion and corrosion

The chloride diffusion of cracked specimensis shown in Fig. 10. It can be found that, because of the
higher water tightness for the hydrophobic mortars, especially under cracked conditions, the chloride
diffusion is reduced compared with the normal mortar. This indicates a higher resistance to the corrosion
of steel rebar because of the higher resistance to chloride ingress. For the corrosion test, indeed corrosion
rust was found at the surface of steel rebarsin normal mortar, while steel rebars in the hydrophobic mortar

were till intact (Fig. 11). Therefore, the results are consistent with each other.
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(4) Strength and shrinkage

The strength of the mortarsis shown in Fig. 12. It can be seen that the strength shows opposite trend
compared to the water absorption. The hydrophobic mortars have lower strength than the normal ones,
especialy for those made by sand spraying. In addition, the higher addition ratio or spraying ratio of HPA
causes the lower strength. This trend is mainly caused by weakened transition zone between cement paste
and sand, coarsened pore structure of hardened cement paste due to the addition of HPA. Therefore, if
hydrophobic mortar or concreteisused for structural members, the strength needsto be carefully considered.

For example, lower water-to-cement ratio can be adopted to compensate the strength reduction.
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Fig. 13 drying shrinkage

The drying shrinkage is shown in Fig. 13. The hydrophobic mortars show much less shrinkage then

the normal mortar. This trend is more significant for the case of sand-spraying specimen. The shrinkage

was almost reduced by 50% compared to the normal one. Therefore, it can be concluded that, in addition

to a high water tightness, the hydrophobic mortar also shows less shrinkage, which is beneficial to the

durability of structures.
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