CHAPTER TWO
2.0	   			        LITRATURE REVIEW
	Historically, cementing materials have played an important role in providing shelter for mankind. The production of cement has played  at key role as construction material throughout the history civilization. It is very important in the construction of buildings bridges, tunnels, to mention a few (Faleye et.al., 2009; Ncville, 2000). One of the most important consideration to make, before embarking on the construction of a building is the cement that would used; the commonest type of the cement used across the world is Portland cement. 
The primary reason for its global used is it composition and essential characteristics in the setting and hardening of the concrete, durability when dry, fire –proof nature, effective protection of ion or timber structures, ability to prevent corrosion, its used in ship tanks and bunkers (ASTM, 1986). 
About 90 – 95% of Portland cement is composed of the four main cement minerals, tricalcium silicate (C3S), dicalcium silicate (C2S), tricalcium aluminate (C3A) and tetracalcium aluminoferrite  (C4AF) with each playing different role in the hydration process that convert the dry cement into hardened cement paste (Tennis and Bhatty, 2005). About 10.0 ---5.0% of the remaining composition compositions are calcium sulphate, alkali sulphates unreacted calcium oxide, magnesium oxide  and other, minor constituents left over during the clinking and grinding steps (Taylor, 1997).  
In the study carried out on the assessment of quality of three brands of Portland cement in Kwara State,  the results indicate that the three cement brands conforms well to the European (EN 1971) standard specification. The  results of the chemical parameter of three indigenous Portland cement brands sold in Kwara State indicated that the chemical composition conforms well to international standard and that majority of the Portland cement brands sold in Kwara State indicated that the chemical composition conforms well to international standard and that majority of the Portland cement sold in Kwara State is better used for structures involved with low loading.
This is an indication that qualities of cement may defer based on the production origin. However, the quality of cement is very important to its application origin. However, the quality of cement is very important to its application which made the product useful in mortars, plaster, screeds and grouts as a material which can be squeezed into gaps to consolidate the structures. 
In addition, lime saturation factor (LSF), silica ratio (SR) and aluminum ratio (AR)  are important factors for chemical control in cement (Nasir and Eletr, 1996; Ali et.al., 2008). In addition physical tests on three brands of Portland cement (Dangote, Elephant superset and elephant Lafarge) sold in Kwara State Nigeria revealed that the respective fineness of 2%, 0.3%, and 0.17% obtained from Dangote, Elephant superset, and elephant Lafarge cement are in conformity with the standard specification of 10% maximum. 
However, the average gravity obtained for the samples was up to the standard  value of 3.1 minimum in recent times, Nigeria has witnessed frequent cases of collapsed building. In the year 2006 alone, four cases of such collapses were recorded in Ebute Meta, Lagos claiming over thirty lives in residential building (Adegoroye 2010; Adewole 2014). Oloyede et.al., (2014) reported the use of poor materials as the leading cause of frequent collapse of buildings in Nigeria; and since cement is a major constituent in building construction, focus has been drawn to periodic quality assessment of the product the aforementioned scenario is further worsened by the porous nature of the boarders into Nigeria given avenue for important of poor quality cements into the country. 
The need for regular sampling and testing of cement therefore comes imperative. Cement is a finely ground powder which when mixed  with water develop a chemical reaction which produces a hard and strong binding medium for the aggregates in concrete (Lca 1990).
The chemical reaction by the cement is in the form of hydration which in its early stage while the cement is still plastic give the concrete its cohesive properties. Neville (1996) mention that cement is produced in powdery form to a very fine texture. Fine cement has a large surface area than coarse cement. The finer cement, the more area of contact the particles have. This will result to more reaction between the cement and the water when in contact and as such more hydration is achieved (Neville and Brooks (1987). 
This lead to release of high heat of hydration and the generation of high strength by the cement paste. Fine cement particles are also more cohesive and combine better with concrete aggregates. The hydration process of cement results in the stiffening of the cement paste which is the setting of cement as the cement become srigid (Neil and Dhirl, 1996). The setting of the cement pasts occurs in two stages. First stage is the initial set which is the beginning of the stiffening of the cement paste.
It occurs rapidly and then further stiffening and hardening of the pates that leads to its strength development which is the final set (Shetty 1999). The time between the mixing of cement with water and the occurrence of initial and final set is the setting time. When a cement paste has set, it is supposed to maintain its size, especially its volume. If it must change in size it should not be much. When a set cement paste increases in size especially by excessive the cement is said to be unsound. Sound cement which its paste has set should not expand so much as to be practically very noticeable (Swamy, 1999). The use of unsound cement in concrete products. Cement is produced in different forms. Among the different forms of cement, Portland cement is the most widely used. It was develop in 1882 and it derived its name from Portland limestone in Dorset because of its resemblance to this rock after hydration has taken place.
2.2	THE MANUFACTURING PROCESS   
	Portland cement is made by heating raw materials rich in oxides of silicon, calcium, aluminum, and iron to temperature of around 1200 – 14000C. The chemical reaction that occurred within the partially molten mass resulted from the formation of the four main cement materials.
Table 2.1: Major constituent of Portland cements 
	Compound
	Abbreviation
	Chemical formula
	Typical Concentration%

	Tricalcium silicate 
	C3S
	3CaOSiS2
	60-7

	Dicalcium silicate
	C2S
	SCaOSiO2
	10-20

	Tricalcium aluminate
	C3A
	3 CaOA12O3
	5-10

	Tetracalcium alumino-ferrate
	C4AF
	4CaOAI2O3Fe3O3
	3-8



Of these compounds, C3S and C3A are mainly responsible for the strength of the cement. High percentage of C3S (low C2S) result in high early strength but also high heat generation as the concrete sets. The reverse combination of low C3S and high C2S develop strength more slowly (over 52 rather than 28 days) and generate less heat C3S causes undesirable heat and rapid reacting properties, which can be prevented by adding CaSO4 to the final product. C3A can be converted o the ore desirable C4AF by the addition of Fe203 before heating but this also inhibits the formation of C3S C4AF makes the cement more resistant to seawater and results in a somewhat slower reaction which evolves less heat. 
The balance of the formed compounds versus the performance characteristics required from the cement is a chemically controlled parameter. For this reason considerable efforts are made during the manufacturing process to ensure the correct chemical compounds in the correct ratios are present. In the materials before introduction of the materials to the kiln. The cement manufacturing process involves four distinct stages, and these are outlined below.
Step 1 – Quarrying 
	The raw material for cement manufacture is a rock mixture which is about 80% limestone (which is rich in CaCO3) and 20% clay or shale (a source of silica, alumina and Fe203). These are quarried and stored separately. The lime and silica provide the main strength of the cement, while the iron reduces the reaction temperature and gives the cement is characteristic grey color.
 Step 2 – Raw material preparation 
	The steps involved here depend on the process used. There are two main cement manufacturing process currently used in new Zealand; the dry process (used by Golden Bay) and the wet process (used by Mulburn). The dry process uses more energy in grinding but less in the kiln and the wet process has lower overheads than the dry process. The two process are discussed separately below.
2.2.1	The dry process
	The quarried clay and limestone are crushed separately until nothing bigger than a tennis ball remains. Samples of those rock are then sent off to the laboratory for mineral analysis. If necessary, minerals are the added to either the clay or the limestone to ensure that the correct amount of aluminum iron etc are present. The clay and limestone are then fed together into a mill where the rock is ground until more than fed together into a mill where the rock is ground until more than 85% of the materials is less than 90jim in diameter.
2.2.2	The west process
	The clay is mixed to a paste in washmill – a tank in which the clay pulverized in tire presence of water. Crushed lime is then added and the whole mixture further ground. Any material which is too coarse is extracted and reground. The slurry is then tested to ensure that it contains the correct balance of minerals, and any extra ingredients blended in as necessary.
Step 3 – Clinking 
	This is the step which is characteristics of Portland cement. The finely ground material is dried, heated (to enable the sintering reaction to take place) and then cooled down again. While it is being heated various chemical reactions takes place to form the major minerals constituents of Portland cement. The powder from the dry process doesn’t contain much moisture, so can be dried in a preheater tower. As it falls through the tower (which takes 30 seconds) it is heated from 70 to 8000C. The moisture evaporates, up to 20% of the decarbonation (loss of CO2) occur and some intermediate phases such as CaO A1203 begin to appear. 
The mixture is then fed into the kiln. The slurry form the wet process, contains too much moisture to be successfully dried in a preheater tower. Instead, contains too much moisture to be successfully dried in a preheater tower. Instea,d the slurry is fed directly into the kiln where it is formed into dry balls by the heat and rotation of the kiln. Because of this extra role of the kiln, wet process kilns are generally longer than dry process kiln: e.g Milburn’s kiln is more than 100m in length, whereas that used by Golden Bay  is only 60m long. The kiln is used in both process are inclined on a shallow angle and lined with heat –resistant bricks.
2.2.3	The Kiln
	The kiln is steel, 60m long and inclined at an angle of 1 in 30. The shyell is supported on 3 roller trunions and weighs in at over 1100 T. the kiln is heated by injecting pulverized coal dust into the discharge end where it spontaneous ignites due to the very high temperatures. Coal is injected with air into the kiln at a rate of 9-12 T hr-1. 
The reaction  process occurring within the kiln are not easily understood due to the wide variation in raw –mix physical properties and kiln operating conditions, and the physical difficulties of extracting hot materials from the process for investigation before they cool. Breaking the reaction process into a number of formation process.
Zone 1:0 – 35mm, 800 – 11000C Decarbonation. 
Formation of 3CaO.A1203 above 9000C. melting of fluxing compounds A1203 and Fe203. Heat CaCO3- CaO+CO2.
Zone 2:35 – 40mins, 1100-13000C exothermic reaction and the formation   of secondary silicate phases as follows:
	Heat 2CaO + SiO2 – 2CaO’ SiO2
Zone 3:40 – 5mins, 1300 – 1450 – 13000C sintering and reaction wihin the melt o form ternary silicates and tetracalcium aluminoferrates: heat + time 
2CaO’ Si02 + CaO – 3CaO.SiO2
Heat + time 3CaO.A1203 + CaO + Fez03 ----- * 4CaO.A1203
Zone 4: 50 – 60 mm, 1300 – 10000C cooling and crystallization of the various mineral phases formed in the kiln.
2.2.4  The cooler
	Immediately following the kiln is a large cooler design to drop the temperature of the clinker (as the fused material is now called) from 10000C to 1500C. This is achieved by foreign air through a bed of clinker via perforated plates in the base of the cooler. 
The plates within the cooler slide back and forth, shuffing the clinker down the cooler to the discharge point and transport to a storage area. At this point in the process the materials have been formed into all the required minerals to make cement. Like cement the clinker will react with water and harden, but because it is composed of 1-3 cm diameter fragment it is too coarse to be used.


Step 4 – cement milling
	To produce the final product the clinker is mixed with gypsum (CaSO4’ 2H20) which is added as a set retarder, and ground for approximately 30 minutes in large tube mils. The cement flows  from the inlet to the outlet of the mill (a rotating chamber 0, being first ground with 60mm then 30mm diameter steel balls. 
The first grinding breakup  the materials and the second grinds it to a fine powder. The amount of grinding governed by the volume of cement fed into the mill: the greater the volume of the coarse the grind. These has practical limits, with too much cement clogging up the mill and not enough actually increasing the particles size. The particle size is measured by laser diffraction analysis, and the quantity of material entering the mill adjusted accordingly. Over time the charge (steel grinding balls) wear out, so when they reach a certain size they fall through a sieve  and then are replaced. The cement grinding process is highly energy intensive. 
The largest mill at Golden Bay cement is some 1m in length, weighs over 230 T, is driven by a 2100kw motor and produce over 60 T hr – 1. The rotating mill generates significant quantities of energy and water is added to both the inlet and outlet ends of the mil to cool, the product and the mill itself.
2.3	HYDRAULIC CEMENT 
	Hydraulic cement is a product used to stop water and leaks in concrete and monsory structures. It is a type of cement, similar to mortar, that set extremely fast and hardens after it has been mixed with water. Hydraulic cement is used widely in the construction industry sealing structures below grade and in situations where structures can be affected or submerged in water.
2.4	TYPES OF PORTLAND CEMENT 
2.4.1	Ordinary Portland cement
	This is ordinary Portland cement (OPC) which is made of clinker and gypsum lone. It is the best cement because of its strength development. It is mostly the widely used general purpose. It is used where cement or concrete is not subjected normal to specific exposure, such as sulphate attack from soil or’ water or to a temperature rise due to heat generated by hydration. Its uses include pavements and sidewalks, reinforced concrete buildings bridges, railway structures, tanks, reservoirs, culverts, sewers, water pipes and masonry works. All Nigeria cement companies produces this type of cement.
2.4.2	Rapid Hardening cement 
	This cement can be produced by increasing lime content and burning at high temperature while manufacturing cement. Grinding to very fine is necessary. Though the initial and final setting of this cement is the same as that of Portland cement, it gains strength in early days. This properly helps in earlier removal of form works and speed in construction activity.
2.4.3	Low heat Portland cement 
	These are ordinary Portland cements produced to achieve lower heat due to lower tricalcium silicate and tricalcium aluminate is lowered with addition of iron oxide which consequently increases tetra calcium aluminoferrite.  This is a condition that reduces heat evolution. This class of cement is intended for mass structures like dam works when temperature rise is great on continuous pour of cement. In such works, if temperature is not minimized, it will causes cracks in the structure, rendering.
2.4.4	Air entrained cement 
	Air entraining cement are made by the addition of organic agent that causes the entrainment of very fine air bubbles in concrete. This increases the  resistances of the concrete to freeze thaw damage in cold climates.
2.4.5	White cement 
	The cement when made free from coloring oxides of iron, manganese and chlorium results  into white content. In the manufacturing of this cement, the oil fuel is used instead of coal for burning. White cement is used for the floor finishes, plastering, ornamental works etc. in swimming pools white cement is used to replace glazed tiles. It is used for fixing marbles and glazed tiles.
2.5	POZZOLANIC CEMENT 
	Pozzolans are a broad class of siliceous and aluminous materials which, in themselves, possess little or no cementitious value but which fill, in. finely divided from and in the presence of water, react chemically with calcium hydroxide at ordinary temperature to form compounds possessing cementitious properties. The quantification of the capacity of a pozzlan to  react with calcium hydroxide and water is given by measuring its pozzolanre activity. Pozzoland sis naturallu occurring pozzolans of volcanic origin.
2.6	OTHER TYPES OF CEMENT 
2.6.1	Colored cement 
	These are various other special types of Portland cement manufactured under definite specification. Colored cement are made by mixing suitable pigments with white or type I cement white Portland cement for instance made from chalk and white or colored concretes which are to be left exposed and white or colored mortars for masonry some pigment used in making colored cement are:
Iron oxide ---------------- red, yellow, brown 
Manganese dioxide ----------------------- black, brown
Chromium oxide ------------------- green
Carbon pigments ----- black
Cobalt blue ------- blue
Ultramarine blue ---- blue
2.6.2	Masonry Cement
	Masonry  cement are used primarily for mortar. They consist of a mixture Portland cement and ground limestone or other filler together with an air-entraining agent or a water repellent additive. They provide cement which gives plastic mortar than type I cement.

2.6.3	Waterproof cement 
	Water proof cement is a water repelling Portland cement. It contains water repelling agent like calcium stearate: the aim is to reduce water permeability of concrete.
2.6.4	Oil well cement 
	Oil well cements are used for cementing work in the drilling of oil wells where they are subjected to high temperature and pressures. They usually consist of type I cement made coarser than usual mixed with organic retarders such as starch and sugar to prevent rapid setting.
2.6.5	Slag cement
	The granulated slag made by rapid chilling of suitable molten slags from blast furnaces is another group of constructional cements. Slag cement is a mixture of type I cement and granulated slag containing up to 65 percent slag. Properties of these slag cement are similar to those of Portland cement but they have lower lime content and higher silica and alumina content. Those with the higher slag content have increased resistance to chemical attack, the super sulphate cement is another type of slag cement. These type contains lesser lime than blast furnace cement. It contains up to 15 percent hard burned gypsum or anhydrite (natural anhydrous calcium sluphate). The strength properties are similar to those of Portland cement but it has an increase resistance to many forms of chemical attack. Slag based cements can be used for general concrete construction, having the advantage of possible low cost since their major raw material is I bye product of iron and steel industry. In addition, such cement can be used in projects where low heat of hydration is essential.
2.6.7 High Alumina Cement 
	High alumina cement are manufactured by fusing at 1500 to 16000C a mixture of limestone and bauxite which contains iron oxide, silica, magnesia and other impurities in an electric furnace or in a rotary kiln. They have several properties such a high early strength which can compare to that at 28 days in Portland cement within 24 to 48 hours, good refractoriness and good resistance to sulphate attacks from sea and sulphate bearing water. However, their limitation is that higher temperature tend to reduce their strength in the presence of moisture.
	High alumina cement are used where high early strength is require and moderate temperature are desired like in refractory linings for furnace. A white form of the cement has excellent refractory properties.
2.7	CHEMICAL COMPOSITION OF PORTLAND CEMENT 
	The raw materials used in the manufactured of Portland  cement consist mainly of lime, silica, alumina and iron oxide. These compounds interact with one another in the kiln to form a series of more complex products and, apart from a small residue of uncombined lime which has not had sufficient time to react, a state of chemical equilibrium is reached. The resultant of firing is the clinker. Four compounds are usually regarded as the major constituent of cement.
· Tricalcium silicate 3CaO.Si02 – (C3S)
· Dicalcium silicate 2CaO.Si02 --- (C2S)
· Tricalcum aluminate 3CaO.A1203 – (C3A)
· Tetracalcium aluminoferrite 4CaO.A1203.Fe203—(CAF) where each oxide symbol with one letter.
CaO - - C, Si02 – S, al203 – A, Fe203 – F H20 – H. the rate of cooling affect the degree of crystallization and the amount of amorphous material present in the cooled clinker. The properties of this amorphous material, known as glass, differ considerably from those of crystalline compound of a nominally similar chemical composition. The percentage of the main composition of cement can be calculated according to the bogue equation, based on that the reactions the chemical equilibrium state 6.72 (A1203) – 1.43 (Fe203) – 2.85 (SO3) C2S = 2.87 (Si02) – 0.754 (C3S) C3A = 2.6 (A1203) – 1.69 (Fe203) C4AF = 3.04 (Fe203)
Where, the terms in brackets represent the percentage of the given oxide in the total mass of cement. Recently, these compositions are determined by x-ray diffraction. On cooling bellow 12500C, C3S decomposes slowly but, if cooling is not too slow, C3S remains unchanged and is relatively stable at ordinary temperatures.
C3S which is normally present in the largest amount occurs as small equidimensional grains. C2S is known to has three forms: a  - C2S, which exists at high temperature, inverts to the 13-form about 14500C. 13-CS undergoes further inversion to y: C2S at about 6700C but, at the rate of cooling commercial cements, f3-C2S is preserved in the clinker. Usually, silicate in the cement are not pure it contains secondary oxides which affect the atomic arrangement, the crystal form and properties of the cement during the hydration process. 
C3A forms rectangular crystals, but C3A in frozen glass forms an amorphous interstitial phase. C4AF is solid solution ranging from C2F to C6A2F, but the description C4AF is a convenient simplification.
2.7.1	Gypsum 
	Gypsum is also an essential raw material used in the production of cement. About 5 percent added to burned clinker during control setting time of the cement. Gypsum contains natural anhydrite such as calcium sulphate as dehydrate, calcium sulphate anhydrite such as calcium sulpphate as dehydrate, calcium sulphate anhydrate and calcium carbonate or clay as impurities.
2.8	PHYSICAL PROPERTIES OF PORTLAND CEMENT 
2.8.1	Fineness 
	Fineness or particle size of Portland cement affects hydration rate and this translate, into rate of strength gain. Greater surface area available for water cement interaction is enhance by smaller particles size. The effects of greater fineness on strength are generally seen during the first seven days.
2.8.2	Soundness 
	In cement technology, soundness refers to the ability of a hardened cement paste to retain  its volume after setting without delayed destructive expansion.
2.8.3	Setting time
	Cement pate setting time is affected by cement fineness, water to cement paste are sulphite content of gypsum, setting time tests are used 14 characterize how particular cement paste sets. For control purposes, the initial setting time is not sooner than 75 minutes as contained in NIS 444:2003 46 are not greater than 60 minutes.
2.8.4	Compressive strength of cement 
	Strength of cement is the most important of all the cement properties. Grades mentioned in the cement bags as 42.5 grades OPC/PPC in fact present the strength of the cement –mortar cubes prepared out of the cement in a standard manner will be of 42.5 MPa. Strength test of cement is carried out on the cubes of hardened cement –sand mortar, not on a neat cement paste. Strength of cement is defined in three ways: compressive, tensile & flexural. Usually compressive test is carried out. Strength of cement sand ratio, type and grading of sand, manner of mixing, size and shape of specimen, curing conditions, rate of loading and age of specimen.
2.8.5	Constituency of standard paste 
	Standard constituency of a cement paste is defined as that consistency which will permit  a vicat plunger having 10mm dia and 50 length to penetrate to a depth of 33-355mm from top of the mould.
2.9	USES OF CEMENT 
	Cement is used widely for the constitution of various stricture. Some of them are listed below.
i. Cement slurry is used for filling cracks in concrete structures.
ii. Cement mortar is used for masonry work, plastering and pointing 
iii. Cement concrete is used for the construction of various structures like buildings, bridges, water tanks, tunnels, ducks, harhours etc.
iv. Cement is used to manufactured lamp posts, telephone posts railway sleepers, piles etc.
v. For manufacturing cement pipes, garden seats, dust bins, flower pots etc cement is commonly used.
It is useful for the construction of roads, footpaths, courts for various sports etc.                                     
