Ladies and gentlemen, colleagues!

The nanotechnology has already demonstrated the efficiency in various areas of the economy. The most important achievements obtained in technologies the development of which was targeted to minimize the size of products – for example, in electronics. In some other areas, for which the basic processes are related to surface phenomena (e.g., the processes of absorption, ion exchange and so on) the significant results are also achieved. Prospects of nanotechnology in material science are discussed in many countries. Conducting such research conferences demonstrates not only the need for presentation of the results of pioneering studies, but also the need of sharing the methodological and practical experience, presenting theoretical generalizations, and determining the efficiency of the chosen research directions.
In my plenary talk I’ll present our vision for the development of nanotechnology in the field of building materials, and in particular – in the field of portland cement concretes. I’ll formulate several conditions to fulfill the realization of nanotechnology for composites by means of addition of so-called primary nanomaterials. I’ll also present some theoretical generalizations useful during the selection of areas where nanotechnology should be implemented.

First of all, we should clarify the terminology. Nanotechnology, like any other technology, is a series of operations of processing material into products and at the same time is the science directed to optimization of such operations. The distinctive feature of nanotechnology is the indication of spatial scale: nanotechnology is the sequence of operations of processing materials into products at the atomic and molecular level. It is expected that the proper management at this scale level should lead to a large increase of operational properties. Analogue of this is to compare the destructive power of explosives through chemical oxidation reactions and ones based on nuclear fission. It is well known that the nuclear weapons are the orders of magnitude more powerful.

Currently, there are two strategies to implement the nanotechnology in material science: the first one is by means of using the primary nanomaterials and second one is by means of synthesis of nanostructures in the bulk of the material during manufacturing process. As mentioned, I will consider only on the first strategy (slide 3).
Analysis of the results of scientific research shows that the effect of nanoscale additives on the properties of materials depends on their type and structure. As a rule, for materials that are homogeneous at the micro- scale level (plastics and metals), the efficiency of nanoscale additives is significantly higher. For composites containing dispersed phases with more than tens of micrometers in size, the efficiency of nanoscale additives is not high (the properties cane be increased by not more than several tens percent) (slide 4).
It is also important to clarify the methods used during the estimation of efficiency of the proposed technology. As a rule, the estimation of quality of the material is carried out by means of comparison of strength. In similar conditions the value of strength depends on the quality of the operations during processing material into the products, i.e., the on quality of the technology: regime of mixing, firming the mixture, etc. For each technology, there will be a maximum value of strength. The perfection of technology is an indicator of the potential of such technology. And the maximum potential that lies in the material is the theoretical strength of material. The degree of approach of the strength to the theoretical value is an indicator of potential of the substance. For the chosen technology, quantity that at the same time characterizes both the realization of technology potential of the substance is an estimate of the quality of structure of matter. In fact, this is a mathematical notation of so-called “composition-technology” (or “mixture-technology”) dualism, because of which the composition and technology should be controlled together. Furthermore, the expression indicates that, after reaching the limit of the realization of technology, the qualitative change can be achieved only after changing the composition of the substances. This can be illustrated as a curve in the factor space of potentials (slide 6).
The development of cement concrete technology graphically represented as an evolution, where the starting point is a new component, i.e. some factor related to the composition of material (slide 7).
Let us consider the methods to improve the quality of cement concrete, which were developed during evolution of technology. There can be selected eleven different ways. The way to “Increase activity of cement” yields the composition-technology potential to the value of 0.2 (1), the way to “Prepare fillers" yields to 0.1 (2). The method actively used in the present – reducing the water-cement ratio – yields to 0.16 (3). Addition the compounds for density increase yields to 0.1 (4), and to the similar values yields ways to “Inject the polymers” (5), the way to “Use vibration activated cement” (6), the way to “Intensify firming if concrete mixes” (7), to “Apply vacuum, centrifugation and firming with filtration” (8). The way to “Impregnate the concrete structure with polymer or sulfur” yields to quite high value of potential – 0.43 (9). The way to “Use dry mold” yields a value comparable with a one for the way to “Reduce water-cement ratio” (10). A method for reducing the water content by means of using the water-absorbing barriers is comparable with the method of evacuation (11). In general, it is has to be noted that all the methods used do not give high values of composition-technology potential. This indicates significant reserves to improve the technology of cement concrete. Let us select the best ways, connected either with compound or with the technology. These ways are: to “Reduce the water content by means of plasticizers” and “Impregnate concrete with polymers”. Taking into account the economical conditions, it should be noted that at present the first way is preferable (slide 9).
All the ways actually impact on only one parameter – the number of links per unit volume of material, which determine the quality of the structure and operational properties, respectively. Rebinder proposed a relationship between the strength and number of links. Lack of links per unit volume of material can be represented in terms of porosity. There is the similarity of dependence between the strength and porosity for most materials. What is common to all models, is the power law for dependence between strength and porosity. Differences are only in values of the exponent. Therefore, these dependencies indicates the extensive change in strength and porosity of the material (slide 11).
Intuitively, we can imagine that not only the amount of pores should influence the strength of the material, but also their geometric characteristics. The dependencies are known for effects of geometric characteristics on the stress concentration factor at the boundary of the defect. These dependencies operate with geometric characteristics. Translating these characteristics into parameters for composites gives only the dependence of the stress concentration on the relative extensive quantities, which show a significant increase in the stress concentration factor at the approach to the limit of the relative thickness of the porosity (slide 12).
But in practice dependencies on the strength of the pore size are obtained. In addition, the specified dependencies determine the effect of another important factor in the model presented – Rehbinder’s model of strength – the strength of a single contact, which depends on the type of material that forms the material. Thus, the theoretical analysis does not allow to determine the dependence between the strength of the material and the geometric characteristics of the defect. It is obvious that in this direction a there are lot of work (slide 13).
However, it is intuitively clear that each component of the composite or proposed technological solution aimed to solving problems of a certain scale level of the material. The characteristic size of components and large-scale levels is sufficiently detailed in so-called poly-structural theory developed in Russian Federation by Solomatov, and in theory of artificial conglomerates developed by Rybjev. However, it is important to point out that the physical effects used in the technology, as a rule, affect all levels of scale, also with different intensity. During the optimization of the structure and properties of the composites, usually type of material structure at given scale should be taken into account. Often to get the optimal structure we have to combine large-scale sub-optimal levels. Thus, the conclusion is quite obvious: the development of nanotechnology is only possible at the limits of “micro-scale-level” technology. Criterion to assess the feasibility of moving to the next level is the average of the defect in the material (slide 15).
Experience shows that for optimization of cement concrete from the micro to the macro level is sufficient to perform three conditions, namely: to reduce water-cement ratio, micro-and macroporosity, and to reduce the content of portlandite. Ways how this can be achieved has been demonstrated previously. Transition to nanoscale level requires the following additional conditions: 1) to reduce the amount of internal stresses at the interface “binder - the dispersed phase” (assuming that the formation of the structure of binder in the absence of internal pressure will provide the structure of the matrix material in the equilibrium conditions; this will increase the performance of operational properties and durability of the product), 2) to increase the amount of tobermorite and similar materials (this is obvious and follows from the experience), 3) to increase fracture of tobermorite and similar phases. Obviously, the conditions presented to some extent interdependent, for example, reducing the water content affects both the amount of porosity and the mineralogical composition of the products of the interaction of cement with water. However, changing the porosity and composition of cement is due to a decrease of water, but the factors that need to learn to manage.
Similar conditions of optimization can be formulated for a variety of composites. The essential here is a selection of replicated conditions. These include the reduction of the value of internal stresses at the interface, increasing the density of links and increase fracture of the matrix material. Significant role in the implementation of the later condition play and should play the primary nanomaterials.
As an example of the usefulness of these conditions let us consider the results of research carried out in our lab. As a basic condition was chosen the reduction of internal stresses at the interface by applying to the surface of the dispersed phase some precursors which are changes change during manufacture (slide 17). The thickness of the modifier on the surface of the filler is less than 75 nm (slide 18). Modifier at the interface reduces the amount of internal pressure, which can be well traced by acoustic emission method during loading of the material, especially at the initial stage (slide 19). Modifier provides a reduction of porosity in 3 times (slide 20) and an increase in strength by almost 2 times (slide 21). The other properties of the composite, especially barrier properties, are also improved. Thus, the reduction of internal stresses at the interface by means of forming on the surface of the dispersed phase the layer of modifier with thickness up to 75 nm, provide the formation of structure characterized by high operational properties (slide 22).
In conclusion, I wish to thank you for your attention and to note that the construction material science is a very promising area for the implementation of nanotechnology. This is due to the fact that process of synthesis of nanostructures and process of manufacturing the construction materials are quite similar. Thank you!
