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Abstract. This paper discusses the possibility of using aluminum-containing nano-additives as structure 

modifiers of composite mortar in order to ensure safety and durability of rubble foundation. Higher injection 

efficiency can be achieved by integrating the composite mortar into the foundation body. The temporal 

evolution of structure formation in composite mortar with various contents of boehmite and aluminosilicate 

nanotubes (ANT) was studied. The optimal concentrations of additives were determined at which the rate of 

structure formation reaches its maximum. It was revealed that ANT additives accelerate the hardening time 

of the composite mortar by 1.3 times in comparison with boehmite additives. The greatest impact on 

accelerating the structure formation in the initial period is achieved by adding 0.125% aluminosilicate tubes 

to the mass of cement. It was found that in this case, the duration of flowability loss of the composite mortar 

is reduced by a factor of three compared with that of the control sample. 

1 Introduction  

Grouting mortars are widely used to fill old mine 

workings or large underground cavities arising from 

filtration of underground water while building structures 

in complicated geological and hydrogeological 

conditions. During elimination of karst processes, it is 

necessary to achieve the maximum artificial filling of 

voids in order to stop groundwater filtration and 

reinforce the mass of karst rocks. Prevention of water 

access in them can be achieved by injecting liquid glass, 

cement clay or bitumen into cracks and voids, since the 

traditional mixtures used to eliminate underground voids 

are of insignificant strength. Therefore, mixtures with 

reinforcing element are used as grouting mortar [1-3]. 

According to the “Forecast of the Long-Term Socio-

Economic Development of the Russian Federation for 

the Period Until 2030” (developed by the Ministry of 

Economic Development of the Russian Federation), 

creation of new building materials that take into account 

modern economic and environmental requirements is the 

main task of the building materials industry on the long-

term horizon. 

Grouting mortars with nanotubes (microscopic 

hollow tubes of several atomic layers of carbon 

polymers) can be used as such compositions. It is known 

that many promising areas in construction deal with 

aluminum-containing nanoparticles [4–9]. 

The aim of this work is to examine the hardening 

processes of a composite solution with aluminum-based 

nano-additives. 

We used the 500 grade cement, P2T2A bentonite, 

which has a high content of montmorillonite (70%) and a 

high exchange capacity (113.3 mg·eq/100g), boehmite 

additives which are nanocrystalline modifiers (3D-

NCM), and aluminosilicate nanotubes. The water-

cement ratio was 2:1. The content of nano-additives 

varied from 0 to 1% by weight of cement [10]. 

Boehmite has an orthorhombic crystal structure with 

the following dimensions of unit cells: 

3.70 = c 12.23, = b 2.87, = a  Å (Fig.1). 

 

Fig. 1. Boehmite structure: a-OH; b-Hydrogen bond. 

The structure of boehmite corresponds to the formula 

AlOOH. The main technological properties of boehmite 

are shown in Fig. 2 [11-18]. 
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Fig. 2. Main technological properties of boehmite. 

The dispersed composition of boehmite mainly 

consists of the 1-5 μm fraction, so addition of such a 

modifier to the composite system can lead to accelerated 

hydration and a denser packing of cement stone due to 

the filling of voids. 

Aluminosilicate nanotubes (ANT) are hollow tubes 

with internal diameter of 15 nm and external diameter of 

about 50 nm. The wall twisted into a spiral consists of 

single atomic layers of aluminosilicate, and its thickness 

can be 20–30 layers, the chemical composition of which, 

in addition to water, includes silicon and aluminum 

oxides. Their content reaches 75%. 

The high catalytic ability of these tubes can be 

explained by the presence of negatively charged 

aluminum oxide on the inner surface, and positively 

charged silicon oxide on the outer surface (Fig. 3). 

 

Fig. 3. ANT structure. 

The time of sedimentation or hardening is one of the 

most important technological properties of grouting 

mortars, since the mortar in a more or less homogeneous 

state must be delivered (injected) in the desired time 

interval. The hardening time of composite solution is 

usually determined by geological and hydrological 

conditions of soils being settled, and under normal 

conditions it should be about one hour (according to the 

Russian State Standard GOST 10178-76). 

We studied the temporal evolution of structure 

formation in composite mortars with various contents of 

boehmite and ANT. A composite mortar was prepared 

by mixing bentonite with water additives with further 

addition of cement and water glass to it. The changes in 

strength were examined during hardening time. The 

change in plastic strength was determined using the 

Rebinder device with a cone every 10 minutes within 

three hours. 

Fig. 4 shows the kinetics of structure formation of the 

composite mortar as a function of boehmite content in 

the mixture. 

 

Fig. 4. The strength of composite mortars based on P2T2A 

bentonite as a function of the storage duration for various 

boehmite contents,% by weight of cement: 1 – 0.208; 2 - 1.000; 

3 - 0.700; 4-0.600; 5 - 0.352; 6 - 0.306; 7 - 0.249; 8 - 0.133; 9 - 

0.100;10-0.041;11-0.000. 

The setting time of composite mixture was 

determined by the intersection of curves shown in figure, 

with the straight line corresponding to the strength of 

flowability loss, namely 2.5·10-3 MPa. 

The greatest decrease in setting time was noted for 

addition of 0.208% by weight of cement, which 

corresponds to hardening time of approximately 75 

minutes (Fig. 5) (according to the Russian State Standard 

GOST 10178-76). 

 

Fig. 5. Relationship between the hardening time and boehmite 

concentration in the mixture. 

The increase in the rate of structure formation with 

addition of 0.2% boehmite can be explained by the fact 

that the optimal ratio of its microparticles match the 

spaces of cement stone. 

The influence of aluminosilicate tube additives were 

studied in a similar way. The obtained data are shown in 

Fig.6. 
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Fig. 6. The kinetics of strength change of composite mortar for 

various ANT contents,% by weight of cement 1 - 0.125; 2 - 

0.100; 3 - 0.150; 4 - 0.250; 5 - 0.080; 6 - 0.300; 7 - 0.075; 8 - 

0.450; 9 - 0.006; 10 - 0.400; 11 - 0.000. 

Analysis of data from Fig. 6 shows that the smallest 

setting time for the composite mortar is 60 minutes, 

which is achieved with an additive content of 0.125 %. 

Moreover, this indicator decreases almost three times in 

comparison with a sample that does not contain 

aluminosilicate tubes (Fig. 7). 

 

Fig. 7. Relationship between the hardening time and ANT 

concentration in the mixture. 

Thus it was found that nano-additives accelerate the 

hydration of clinker constituents of cement, which leads 

to acceleration of structure formation of composite 

mortars and, as a result, to reduction in their flowability 

loss time [19-23]. 

The optimal concentrations of additives were 

determined at which the rate of structure formation 

reaches its maximum. It was revealed that additions of 

ANT concentrations accelerate the hardening time of 

composite mortar by 1.3 times in comparison with that 

with boehmite.  

It was found that the greatest accelerating of structure 

formation in the initial period is achieved when 

aluminosilicate tubes in the amount of 0.125% of cement 

mass are added. Probably, this can be explained by the 

peculiarities of their structure, which provides the 

greatest adhesion during hydration in the area of cement 

stone formation. 

It was concluded that the highest rate of structure 

formation is achieved at an optimal concentration of 

ANT of 0.125% by weight of cement. Thus, to ensure 

the industrial safety of underground structures, the use of 

composite mortar with the addition of ANT in the 

amount of 0.125% by weight of cement can be 

recommended. 
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