3.1 Expanding cements with controlled cementation time

There has been developed a method of controlling the creation of high-sulfate form of calcium hydosulfoaluminate - ettringite (3CaO·Al2O3·3CaSO4·31H2O) with introducing additives into cement formula that include low-basic calcium aluminate (CaO·2Al2O3). It has been found that simultaneous presence of calcium aluminates with different besicity in the hardening cement - CA2 additive and C3A Portland clinker - radically changes the process of ettringite formation. In a usual cement, a reaction between C3A and dihydrate gypsum CaSO4·2H2O, proceeding as
3CaO·Al2O3 + 3(CaSO4·2H2O) + 25H2O = 3CaO·Al2O3·3CaSO4·31H2O, leads to formation of tricalcium aluminate ettringite films that inhibit this reaction. Recommencement of the process after partial breakup of the films results in ettringite formation at later stages of aquation, when the expansion concomitant with this reaction leads to destructive changes in the cement stone structure. In particular, this accounts for a lower amount of gypsum stone in general cements in comparison with the estimated amount.
By thermodynamic calculations and complex physical and chemical analisis methods, it has been shown that in the presence of low-basic calcium dialuminate CA2 , together with tricalcium aluminate, in the hardening cement the process of ettringite formation is continuous. At the first stage of hydratation, the gypsum consolidation takes place due to its interaction with Ñ3À. This reaction is characterized with a much bigger value of isobaric-isothermal potential. After ettringite film formation, as it is shown on Fig. 3.1.1., the process of gypsum consolidation is not inhibited, it continues due to reaction of gypsum with calcium dialuminate as
CaO·2Al2O3 + CaSO4·2H2O + 40/3H2O = 1/3(3CaO·Al2O3·3CaSO4·31H2O) + 5/3Al2O3·3H2O 
	

	fig. 3.1.1.


The above reaction takes place with lower oversaturation levels according to ÑàÎ and with low speed what accounts for ettringite formation as wide prisms with low - up to 3-5 relation of axes capable of producing high crystallization pressures. In such conditions, formation of additional quantity of ettringite makes for expanding ability of the cement, at the same time this process is easily controlled according to intensity and time. Real by-products, containing CaO·2Al2O3. as predominant mineral, have been found and studied. Among such materials there are, in particular, slags of aluminothermic production of ferroalloys (ferrotitanium, ferroboron, and metal chromium). A production of pilot batches of cements on the base of such slags has been carried out at Lipetsk Cement Plant. The later commercial tests of the expanding cements have proven quite good operational properties of the developed cements. 

Thus, there is a real chance of manufacturing a variety of expanding cements with large-scale control of cementation time - from 5-10 min to 3-5 hours, linear expansion value from 0.1% to 3-5%, which stabilizes during the first day of hydratation. Besides, formation of additional quantity of ettringite at the early stages of hydratation, as well as a change in phase composition of hydratation products due to gibbsite Al2O3·3Í20, make for enhancing the kinetics of cement durability growth under conditions of normal cementation and under thermomoist treatment, making it possible to increase the cement brand durability at more than 100 kgf/cm2.

Taking into account the stricter requirements towards construction work and durability of engineering structures, the expanding cements should be implemented as one of the most effective materials.

