PORTLAND CEMENT
Portland cement is the most important binding agent and it is widely used in building at the present time.
Portland cement, a hydraulic binding agent, is manufactured by fine grinding clinker cement which is obtained by burning to caking of natural' raw materials or of artificial mix of an appropriate composition. To regu​late the setting time of the portland cement, up to 5 per cent of gypsum is added while the clinker is being ground into a fine powder. To improve certain properties of portland cement and reduce its cost it is allowed to introduce into the ground clinker up to 15 per cent of an active mineral addition and not over 10 per cent of an inert addition, or a mixture of both.
The following are the principal technological operations adopted in the manufacture of portland cement:
· procurement of raw materials and preparation of a mixture;

· burning the mixture and production of the cement clinker;

· grinding the cement clinker together with the additions.

To obtain portland cement of good quality it is necessary that the content of the principal oxides in the cement clinker vary with the fol​lowing limits.
The presence of MgO and SO3 admixtures is admissible, respec​tively, not over 4.5 and 3.0 per cent. The raw material intended for the production of portland cement must contain about 75-78 per cent of CaCOa and 22-25 per cent of clay. Natural calcareous marl is a ver ap​propriate raw material, but it is rather scarce.
Cement plants usually employ artificial mixes made up of carbonate rocks (limestone, chalk, etc.) and clay. In order to increase the content of an oxide in portland cement, so-called correcting additions (substances characterised by a high content of one of the oxide are introduced into the raw mix. The content of SiO2, for example is increased by adding high-silica rocks — tripoli, opoka, diatomite and the content of Fe2O3 — by adding pyratic slag.
Depending on the method used to prepare a mix of raw material: the wet or dry process of portland-cement manufacture are distinguished. The choice of the method is determined, mainly, by the quality of the raw ma​terial available. If the raw material is characterised by a wide variation in its chemical composition, it is more expedient to resort to the wet process, for it ensures better intermixing of the raw materials. But, if the available raw materials are of a heavy hardness or are heavily contaminated by stone inclusions, the dry process is more efficacious, because pulverising the hard raw material in ball mills requires much time and involves con​siderable energy consumption.
At present the wet process is given preference.
The raw material delivered in lumps from the quarry to the cement plant is preliminary crushed to pieces, not over 5 mm in size. Hard rock is handled with the aid of crushers and softer raw material (clay, chalk) is ground by mixing it with water in basins.
The thick sour cream-like mass of a 35-40 per cent water content formed in the basin is referred to as slurry. Then, the slurry is let out of the basin and, mixing with limestone, passes to tubular mill where the mix is subjected to final fine grinding. The tubular mill is a steel drum up to 13 m long, from 2.2 to 2.6 m in diameter, rotating around its horizontal axis, and divided into 2-4 chambers by perforated partitions. The slurry enters the drum through hollow trunnion and, gradually moving towards the opposite end of the mill, is finely ground by steel balls and cylindrical pieces. The ground slurry flows from the mill and is pumped into slurry storage tanks where a certain stock is made up, and the composition of the slurry is corrected prior to burning. In the wet process the raw material is burned in rotary kilns.
Rotary kilns are available in sizes 126 to 185 m long and 3 to 5 m in diameter. To ensure displacement of the handled material the kiln is in​clined at 4° to the horizontal and rotates at a speed of 1 revolution per mi​nute. In the bottom section of the kiln there is the flame of burning fuel, and the developing high temperature ensures caking of the cement clinker.
In the wet process the slurry enters the top section of the kiln and is heated there to 100°C. The water contained in the slurry evaporates, the mass dries and large lumps are formed which separate into smaller pieces after final drying. Slowly moving towards the burning fuel, the lumps of the material get into zones of ever increasing temperature. The organic matter burns out, the kaolinite dehydrates, and calcium carbonate begins to decompose at a temperature of about 800°C.
In the calcinating zone, at a temperature of 1000-1100°C, the decom​position of the calcium carbonate terminates, and the separating free lime starts to saturate the silica and sesquioxides. As the temperature reaches about 1450°C, all these reactions lead to the formation of complex com​pounds known under the common name of clinker minerals, namely:
3CaO-SiO — tricalcium silicate (37-60 per cent);
2CaO-SiO —dicalcium silicate (15-37 per cent);
3CaO-Al O — tricalcium aluminate (7-15 per cent);
4CaO-Al O -Fe O — tetracalcium alumoferrite (10-12 per cent).
Those four compounds are the basic constituents of cement clinker, the first two (calcium silicates) constituting from 70 to 80 per cent of the clinker weight. There should be no free lime in the clinker, for it may bring about swelling and cracking of the hardened cement stone (the phe​nomenon of non-uniform change in volume).
After the kiln, the hot cement clinker is cooled in coolers and is trans​ferred to the storehouse for final cooling and seasoning prior to grinding. In the course of seasoning the free lime, if there is any in the clinker, is slaked by moisture contained in the ambient air. The seasoning period over, the clinker is finely ground in a tubular mill together with additions and the produced cement is taken to cement siloes.
At cement plants where the dry process of portland cement manu​facture is adopted, the finely ground and thoroughly mixed dry mix of the raw materials is subjected to burning. The burning is accomplished both in rotary and shaft kilns. In the latter case the dry mix of the raw materials is mixed with fuel and charged into the kiln in briquettes.
In the course of cement production the raw material mills (especially in the dry process) and fuel (coal) mills give out much dust. Besides, dust forms at the loading and unloading stations of conveyers, elevators, etc. Therefore, cleaning of air from dust is absolutely obligatory at cement plants to protect the health of attending personnel. For this purpose ce​ment plants must be equipped with effective dust separating apparatus (cyclones), electric filters, etc.
Basic Properties of Portland Cement
The volume weight of loose portland cement ranges from 900 to 1,100 kg/cu m and from 1,400 to 1,700 kg/cu m— in a compacts state.
The fineness of grinding affects setting and hardening of portland cement and the strength of the hardened cement; the finer cement clinker is ground, the quicker and more effective will the cement interact with water and the higher will be its strength. The fineness of grinding is de​termined by the sieve analysis. Not less than 85 per cent of the weight of the screened sample of portland cement must pass through a sieve of 4,900 openings per sq cm. A more exact characteristic of portland cement is its specific surface, e.g the summary surface of the grains contained in 1 g of cement. Plant-produced cement possesses a specific surface ranging from 2,800 till 3,000 sq cm/g and above.
The setting time determines the beginning and end of setting the cement paste. Apart from the fineness of grinding setting time is greatly affected by the mineralogical composition and water requirement of ce​ment. The water requirement of cement is the quantity of water needed not only to hydrate the cement, but also to impart a certain mobility to the cement paste. The processes of hydration require a quantity of water con​stituting about 15 per cent of the weight of cement; however, to ensure mobility of the cement paste much water is taken. The evaporation of ex​cess water is accompanied with the appearance of pores in the cement stone, concrete or mortar, shrinkage strain and cracks appear and the strength of the product diminishes. Therefore, the lower the water re​quirement of cement the higher is its quality. The beginning of setting cement paste of normal thickness must set in not before 45 minutes and the end not later than 12 hrs after water is added to the dry cement mix. This setting time ensures transportation and use of concrete and mortar mixes before the mixes lose plasticity and placeability.
Normally burned clinker usually yields a rapid-setting product after grinding. To produce a cement of standard setting time, a certain amount of gypsum is added to the cement clinker in the course of grinding. The setting time shortens with rising temperature (above 15-20°C), and in​creases with a drop in temperature.
The strength of portland cement is expressed by its grade. The grade of cement is based on the compressive strength of cube specimens 7.07x7.07x7.07 cm in size, prepared by tamping a cement mortar of rigid consistency and of a 1 : 3 cement-sand ratio aged 28 days.
During the first day the specimens are kept in moist air surroundings, then in water at temperature of 20±3°C, up to the moment of testing. The cement industry of the Russia grades: 400, 500, 600 and,700. The rate of increase in the strength of portland cement is the highest during the first seven days, then the increase in strength decelerates, but the process of increase in strength continues for many years.
The hardening of portland cement is a complex physicochemical process resulting in the formation of new compounds in the cement stone, not present in the cement clinker. According to the theory elaborated by the Russian academician A. A. Baikoy and supplemented by other Rus​sian scientists (V. N. Young, Y.M. Butt and A.E. Sheikin) three periods of hardening of portland cement distinguished.
