3.2 General cements with addition of thermochemically activated silica

A large part of produced cements are multi-component binding ones, containing - together with clinker and gypsum - an active mineral additive that consists mostly of granulated blast furnace slags. At the same time, the list of by-products appropriate to use in cement production can be significantly extended, what is proven by chemical and mineral analysis of composition of some non-traditional common materials. The group of such materials comprises foundry used mold masses (UMM). Consisting at more than 90% of low-temperature quartz, being virtually an inert material, the UMM nonetheless fully correspond the requirements towards active mineral additives to cement. Thus, the end of binding the mixture Ñà(ÎÍ)2 - ÎÔÌ (20:80) takes place within 1-3 days from the moment of tempering with water. The cement stone is waterproof after binding; and the strength properties after thermalmoist treatment are three times as high as the standard ones. It is found that the determinative influence on the change of ? quartz properties is made by the impurities present in the UMM, as well as by multiple thermal treatment at temperatures over 573°C - the temperature of polymorphic transformation of (-quartz into (-quartz. The thermal treatment results in change of ratio on the roentgenograms between the intensities in diffraction maximum SiO2 in the region of high reflection angles; in reduction of absorption band optical density on IR-spectrograms and in acute reduction of endothermic effect 573°C on derivatograms. As a whole, the above changes are evidence of higher defectiveness of the UMM silica structure. The increased defectiveness of the silica structure is connected with increased solubility of additive silica (0.013% for thermochemically treated against 0.007% for the original (-quartz of a similar fraction); wityh its activity towards Ñà(ÎÍ)2 and as a result, demonstration of properties of an active mineral additive to cement.
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Here are the photos obtained with an electron microscope. With hydratation age of 5 days (Fig. 3.2.1.), there are neoformation films on the SiO2 UMM grains surface, which are identificated as low-base calcium hydrosilicates. With increase of hydratation time, the number of these neoformations also increases forming thus a continuous framework. By 28 days (Fig.3.2.2.) the sample structure is mostly presented with calcium hydrocilicates and characterized by high density. The formation of additional low-base fibrillar calcium hydrosilicates, type C - S - H (1) makes a positive effect on the strength properties the cements with UMM additive. The optimal amount of the additive depends on the mineral composition and percentage of clinker part in the binding; on granulated blast-furnace slag activity, type and quantities of impurities used in original UMM. The statistical data analysis, carried out with Laplas function, of physical and mechanical tests with 6 clinkers at 5 cement plants and with 5 UMM types has shown that with optimal amount of the additive a guaranteed smallest surplus of brand durability is 4.8Mpa, and the best surplus is 8.4 Mpa. 
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On condition of preservation of constant cement durability characteristics at the age of 28 days, the lower guaranteed consumption reduction limit of clinker part in the cement is 3.8%, and the upper limit of clinker saving is 8.0%. These design parameters have many times been proven during production of commercial batches of cements with UMM-additives at the cement plants in Lipetsk, Kryvy Rih, Rezinsk, Odesa and others. The commercial tests have proven the intensifying effect of UMM on the process of cement grinding. The registered reduction in power consumption was 8-10% what is also a result of increased defectivenes of UMM-silica structure.
A commercial use of UMM is approved by basic standardization authorities. The research and implementation can be finished in the shortest possible time wit regard to the stage of investigation of the problem

