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The analytical studies of limestone have been carried out on samples from different locations in Guyuk Local Government Area of Adamawa State. Samples were collected from Bobini, Dukul and Lamza villages and analyzed using high resolution Energy Dispersive X-ray Fluorescence (EDXRF). The samples were analyzed for CaO, SiO2, Al2O3 , Fe2O3, MgO, SO3, Na2O, K2O, CaCO3, MgCO3, total carbonate and Loss on ignition (LOI). The ratios and Bogue compounds such as Lime Saturation Factor (LSF), silica ratio (SR), alumina ratio (AR), tricalcium silicate (C3S), tetracalcium alumino ferrite (C4AF), and tricalcium aluminate (C3A) were also determined. Results showed that the major components CaO, CaCO3 and total carbonates were high in samples from Bobini with values of 44.23%, 78.95% and 80.20% respectively, followed by Dukul samples with CaO, CaCO3 and total carbonates values of 42.28%, 75.96% and 77.35% respectively. Lamza had the least CaO, CaCO3 and total carbonates of 41.91%, 74.29% and 76.29% respectively. The next component in limestone with high values was silica. Silica was least in Bobini area (11.34%), followed by Dukul (12.92%) and highest at Lamza (13.24%),which is in line with ASTM standard specifications in most natural limestone deposits used for cement and lime manufacture. The trend showed an inverse concentration between SiO2 and CaO.in samples. Al2O3 and Fe2O3 were next in magnitude, with Al2O3 mean values of 3.29% in Bobini, 3.40% Lamza and 3.61% at Dukul and Fe2O3 mean values of 3.08% in Dukul, 3.53% at Bobini and 4.82% at Lamza. These components did not have definite trend but values get lower at higher carbonate content. LOI, LSF and C3S was proportional to the concentrations of CaO, CaCO3 and total carbonates, since these ratios are dependent on levels of CaO and CaCO3.All the components and ratios were within the acceptable values for the manufacturing of cement, ceramics, quicklime, modification of physical characteristics of materials, fillers, animal feeds, and refining of sugar. The minor elements MgO, SO3, Na2O and K2O were low and are within range obtainable in many limestone deposits.”[Report and opinion.2009;1(4):xx-xx].(ISSN:1553-9873)”

Introduction

Limestone is a sedimentary rock formed by the compaction of corals, plant or animal remains through the action of rivers ,sea, wind and glaciers(Areola et al;1999).It can also be formed by  direct crystallization of carbonate minerals such as  calcite or dolomite with some impurities such as clay, sandstone and shale (Pellant,1990; Kaliski et al, 2006). The rocks may be coarse or fine-grained, soft or hard, (Duda, 1975). Limestone sometimes consists of a sequence of shells mainly of fossils of mollusc and oyster believed to be deposited under shallow marine environment (Greensmith, 1979) whose primary composition is calcium carbonate (CaCO3) or dolomite (CaCO3.MgCO3).   

Limestone is very important in the economic development of a country.  Limestone is the most widely utilized  non-metallic raw materials in Nigeria (Okeke,1991). The largest use of limestone is in the manufacture of cement used in the construction industry(Wheeler,1999).Limestone deposits are also primary raw materials for some  manufacturing industries such as sugar and fertilizer(Okeke,1991; Nevile,1992), pig iron and glass(Kirk,1982), chemicals(Agnello,2003),fillers and extenders (Ofulume,1988)

In Nigeria limestone occurance are widespread. Limestone is found in the north-east and northwest region where they serve as source of raw materials for Sokoto and Ashaka Cement factories.Large deposits are also found in the middle belt and the south where again they serve as source of raw materials for about ten cement factories.

Limestone has been investigated in Guyuk Local Government Area of Adamawa State. In this area, previous studies has indicated formation as limestone-shale intercalations (Braide,1992; Opeloye,1999) around Dukul, Sekuliye, Falu and Kurniyi. Guyuk Local Government Area lies within latitudes 90 50, and 90 55,N and longitude 110 and 12,E. Unlike most limestone deposits all the areas have the limestone exposed on the surface especially at Dukul, Lamza, Bobini.This limestone deposit has not been utillised as  raw material for any manufacturing process.This work therefore provides the detailed quality assessment of limestone deposits at three different locations of Guyuk Local Government Area of Adamawa State.

Materials and methods

Sampling


The samples were collected from the identified locations in Guyuk Local Government Area; namely Lamza, Dukul and Bobini (Figure 1)
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Fig. 1 Map of Guyuk showing sample locations

The method described by Crosby and Patel, 1995 was used for sampling. 

Twelve samples of limestone were each taken per sample location at intervals. Sampling points were spaced several meters apart, for possible variations in their constituents. Small pieces of limestone were chiseled and hammered out which formed gross sample representative of the bulk materials. About two hundred grams (200g) per sample location were obtained in the three locations, which gave a total of thirty-six (36) gross samples.    

Sample Preparation

The method described by Posypaiko and Vasina, 1984, was adopted for the preparation

The samples collected were ground to pass through a + 150µm mesh sieve. The gross samples were mixed, coned and quartered to get about 100g representative portion from the bulk material. 

Analysis Using X-ray Fluorescence Spectrophotometer 

The X-ray fluorescence (XRF) spectrometry used is a high-resolution energy dispersive X-ray fluorescence EDXRF) LAB X3500 model at Ashaka Cement Factory. The X-ray fluorescence system is made up of an excitation source, sample chamber, silicon (lithium) drifted detector, signal processing and recording system (Preamplifier), multi-channel analyzer (MCA) and Video Display Unit (VDU) (figure 2). 


Figure 2. A Schematic diagram of a Energy Dispersive X-Ray Fluorescence (EDXRF) Spectrometry (Nelson, 2006).

The procedure adopted was that described by Jenkins and Snyder, 1996.There were  two steps involved; sample treatment and determination of the components using X-ray Fluorescence Spectrophotometer.

20g of the sample was weighed and 0.4g of stearic acid powder which acted as a binding acid or buffer so as not to allow the sample to disperse or scatter. The sample was transferred into a grinding mill barrette where it was ground into a fine powder. 

The aluminium cup of the X-ray machine was half filled with a stearic acid powder as a backing material in order to avoid mineralogical and particle size effect. The aluminium cup was filled to capacity with the sample and the excess was struck off with a spatula in order to level the aluminium cup content.

The aluminium cup with the sample was then placed into a hydraulic pump vibrating compression machine at 200 KN for 10 seconds. The aluminium cup and the sample were pelletized, suitable for introduction into the XRF spectrometer. The process was repeated for all the samples studied.

Prior to the X-ray analyses, a standard sample (BCI, 1984) was used to calibrate the instrument. To start the analyses the aluminium cup with the samples was placed into the sample chambers and covered.  Quantitative analysis was then selected from the spectrometer main menu, using the cursor. The programme desired was typed on PC screen and sample identity. The results were displayed on the PC screen and were printed out by the printer in percentage oxides of the elements along with the Bogue compounds and ratios. 

Results and Discussion

The results of analysis for the chemical composition of limestone in Bobini, Dukul and Lamza are presented in Table 1. Also presented are the results of component ratios and Bogue compounds in Table 2.

Trends in the Variation of Composition of Limestone in the Three Locations

For the three locations, the major components were CaO, CaCO3 and total carbonate, are present in large amount as presented in Table 1. Total carbonates varied from 76.29% at Lamza to a maximum of 80.20% at Bobini and Dukul with a value of 77.35%. Lime content varies from 41.91% at Lamza to a maximum of 44.23% at Bobini and Dukul with the value of 42.28%. The calcium carbonate content, varied from 74.29% at Lamza to a maximum value of 78.95% at Bobini and Dukul with 75.96% respectively.  

Table 1 shows that apart from CaO, CaCO3 and total carbonate, SiO2 had the highest values. Silica varies from 11.34% at Bobini to a maximum value of 13.24% at Lamza, whereas Dukul has 12.92% SiO2. The higher the SiO2 values the lower the CaO, CaCO3 and the total carbonate values as described   by (Duda 1975). Al2O3  and Fe2O3 were next  in magnitude. Al2O3 mean values are 3.29% in Bobini, 3.61% at     Dukul and 3.40% at Lamza while Fe2O3 mean 

values are 3.53% at Bobini, 3.08% in Dukul and 4.82% at Lamza. These components do not have a definite trend due to wide variations of Al2O3 and Fe2O3 in the earth’s crust but values are low as the carbonate content gets higher which is in line with result obtained by (Wheeler, 1999).

The values of MgO, SO3, K2O and Na2O did not vary significantly and are within the normal range as obtained in many limestone deposits (Duda 1975).

Table 1 Mean Values of Chemical Composition of Limestone in the three Locations in Guyuk Local Government Area. 

	Sample Location
	SiO2 
	Al2O3
	Fe2O3
	CaO
	MgO
	SO3
	K2O
	Na2O
	CaCO3
	MgCO3
	Total carbonate (CO3)

	Bobini
	11.34
	3.29
	3.53
	44.23
	0.59
	0.10
	0.27
	0.05
	78.95
	1.25
	80.20

	
	(4.26)
	(0.81)
	(1.19)
	(3.39)
	(0.06)
	(0.08)
	(0.09)
	(0.02)
	(6.10)
	(0.02)
	(6.11)

	Dukul
	12.92
	3.61
	3.08
	42.28
	0.86
	0.11
	0.52
	0.05
	75.96
	1.39
	77.35

	
	(4.10)
	(0.95)
	(0.82)
	(3.49)
	(1.35)
	(0.50)
	(0.25)
	(0.01)
	(5.99)
	(1.44)
	(5.85)

	Lamza
	13.24
	3.40
	4.82
	41.91
	0.79
	0.18
	0.17
	0.04
	74.29
	2.00
	76.29

	
	(1.67)
	(0.58)
	(0.80)
	(2.37)
	(0.11)
	(0.01)
	(0.07)
	(0.01)
	(4.18)
	(1.30)
	(4.32)


* Mean Values are for the twelve (12) determinations. 

* Values in parenthesis are the standard deviation (SD)

Table 2  Mean Values of Physicochemical Parameters of limestone in the three Locations in Guyuk Local Government Areas
	Sample Location
	LSF
	SR
	AR
	C3S
	C3A
	C4AF
	LOI
	Moisture Content

	Bobini
	128.41
	1.62
	1.02
	120.05
	2.74
	10.75
	36.03
	0.09

	
	(13.20)
	(0.60)
	(0.42)
	(53.20)
	(2.98)
	(3.47)
	(2.72)
	(0.16)

	Dukul
	112.07
	1.95
	1.29
	87.12
	4.42
	9.37
	34.42
	0.11

	
	(45.58)
	(0.80)
	(0.20)
	(70.17)
	(2.92)
	(2.47)
	(2.71)
	(0.03)

	Lamza
	87.84
	1.41
	0.74
	62.03
	0.85
	14.67
	34.22
	0.11

	
	(24.67)
	(0.20)
	(0.23)
	(44.68)
	(1.91)
	(2.42)
	(2.12)
	(0.03)


* Mean Values are for the twelve (12) determinations. 

* Values in parenthesis are the standard deviation (SD)

The values for the physicochemical parameters (Table 2) in the three locations showed that LSF values was highest in Bobini with 128.41%, followed by Dukul 112.07% and the least at Lamza with 87.84%. The Bogue compounds, C3S, C3A and C4AF compared with CaO and CaCO3 indicate that C3S is dependent on the values of CaO or CaCO3 and total carbonate. The highest value of C3S was in Bobini with 120.05%, followed by Dukul with 87.12% and the least was at Lamza with 62.03%. The C3S value commensurate with the CaO, CaCO3 and total carbonate values. The amount of C3S in the three locations showed appreciable increase with increase in CaO or CaCO3. The trend is that the higher the carbonates content the higher the C3S value which is in line with work carried out by (Lea, 1971). The next Bogue compounds are C4AF and C3A, Lamza had the highest value of C4AF with 14.67%, followed by Bobini with 10.75% and Dukul was the least with 9.37%. C3A values were found to be highest in Dukul 4.42%, followed by Bobini 2.74% and the least was at Lamza with 0.85%. The values did not have a particular trend but are dependent on the values of Al2O3 and Fe2O3 as discussed by (Khan & Farrukh, 2004).

The values of SR and AR do not follow a specific trend as observed in Table 2 because the SR and AR are dependent on the values of SiO2, Al2O3 and Fe2O3 which have wide variations in the earth’s crust (Duda, 1975). The values of SR are higher in Dukul 1.95%, followed by Bobini 1.62% and the least at Lamza 1.41% and the AR values are higher in Dukul 1.29% followed by Bobini 1.02% and least at Lamza 0.74%.

The variation in lime content with loss on ignition (LOI) is as shown on (Figure. 2). Loss on ignition (LOI) measures the extent of carbonation that is the decomposition of the CaCO3 (Neville, 2000). The figure indicated that the value of CaO or CaCO3 is proportionate to the LOI values. The amounts of CaCO3 contribute to the values of LOI, because CaCO3 decomposes on heating releasing CO2 (Hewlett, 1998).







Figure 3 indicated the relative correlation between CaCO3 and LSF in the  three locations. LSF is the ratio of CaO to the sum of SiO2, Al2O3 and Fe2O3
The LSF value is commensurate with the increase in CaCO3 or CaO content as shown in figure 3. It showed that the higher the CaO or CaCO3 the higher the LSF. This is in accordance with the observed trend described by (Lea, 1971).


The variation of SR with LSF is shown in Figure 4. The relative correlation between the concentrations of the two components in the three locations is indicated in the figure. The SR determines the ratio of SiO2 concentration to that of Al2O3 and Fe2O3 while AR the relative concentration of Al2O3 compared to Fe2O3. The values of SR and AR did not follow a specific trend due to the fact that there are wide variations of SiO2, Al2O3 and Fe2O3 contents in limestone deposits (Hills et al, 2002). This indicate that there is no consistent relationship between LSF, SR and AR and their effect depend on the content of SiO2, Al2O3 and Fe2O3, because these are the common and abundant elements in the earth’s crust (Carr, 1994). The higher values of SR and AR reflect the high concentrations of SiO2, Fe2O3 and Al2O3 usually found in clay and sandstones (Hills et al, 2002). 


The variation of SiO2 with LSF in the three locations is shown in Figure (5). It shows that the higher the value of SiO2 the lower the LSF value. It follows the trend of CaCO3 and SiO2 that is the higher the SiO2 content the lower the CaCO3. 


The variation of C3S with CaCO3 is as shown on figure 6. The figure shows how C3S correlates with CaCO3. The C3S value is dependent on the values of CaO or CaCO3. The value of C3S is proportionate to the CaO or CaCO3 values. The C3S content is commensurate with the CaO or CaCO3 concentration and it showed a good correlation with CaCO3. These values compare well with those described by Lea and Desch (1976).


The results of the investigation show that suitable quantity and quality of limestone exist for industrial uses. The limestone fully corresponds with the standard raw feed SRFI/1972, Ashaka Cement Plc. and ASTM specifications that is, limestone suitable for Cement Production should have an average composition of lime (CaO) 43.12%, magnesium oxide (MgO) 0.70%, Aluminium oxide (Al2O3) 3.43%, iron oxide (Fe2O3) 2.66%, Silica (SiO2) 13.26%, loss on ignition 35.6%, 55% (C3S), 10% (C3A), and 7% (C4AF) (BCI, 1979, Conshohocken, 1995). High calcium Oxide with less than 2% MgO is used for paper manufacturing. Results of the analysis indicate that Guyuk limestones are able to meet the requirements for this purpose.  The metallurgical industries uses limestone as a flux in the production of pig iron and non-ferrous metals, limestone use for this purpose must be of superior grade with SiO2 and Al2O3 content less than 2% as well as low sulphur and phosphorus content. These limestones are not recommended for these purposes. (Agnello, 2003). Limestone with specifications 30-56% CaO and up to 2-5% MgO can be used for glass making. So the limestones of this area can be used for this purpose (Neville, 1992). 

Results of analysis also indicate that the limestone can be used for sugar refining having magnesia content not more than 3% to precipitate colloidal impurities from juice. The limestone may be used for ceramics and modification of physical characteristics of materials as having more than 74% CaCO3 with permissible amounts of Fe2O3 and SiO2 (BCI, 1991). The limestone can also be used for agricultural purposes as a source of calcium supplement in cattle feed, calcium oxide for neutralizing acid soil and for production of industrial chemicals (Agnello, 2003).

CONCLUSION    

The chemical composition and the physicochemical parameters of Guyuk limestone were examined and compared for quality utilization using high resolution energy dispersive X-ray fluorescence (EDXRF) spectrometry.

The components investigated in the limestone sample were total carbonate, CaCO3, MgCO3, CaO, MgO, SiO2, Al2O3, Fe2O3, Na2O, K2O, SO3, LSF, SR, AR, C3S, LOI, C4AF, C3A and moisture content.

Allowed percentage of SiO2 Na2O, K2O, MgO, SO3 are found in the samples analyzed. Moderate percentage of Fe2O3 and Al2O3 in most of the areas permit its use in cement works and other industrial purposes. The Limestones in Guyuk are suitable and in commercial quantity, which can be used for cement production and other industrial purposes.
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Fig. 6. Variation of Concentration of CaCO3  With
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Fig 5 Variation of Concentrations of SiO2 with LSF (%)
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Fig 4 Variation of Concentration of SR with LSF (%)
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 Fig 3 Variation of Concentration of Calcium Carbonate (CaCO3) 
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 Figure 2. Variation of Concentrations of CaO (%) with LOI (%)
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