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ABSTRACT 

 Suitability of commercially viable silica sand deposits located in Dapchi, Ngala and Gwoza- semi-arid region of 

Borno and Yobe states of Nigeria has been assessed based on chemical and physical characteristics of samples 

collected along the stream sides in these locations. The results obtained were assessed on comparative basis with the 

standard glass making requirements. The Dapchi and Ngala samples have higher percentage values of silica (93.6% 

and 92.46% respectively) acceptable for glass making. However, the percentage of Iron oxide content in them was 

relatively high (1.59% and 1.20% respectively), thereby limiting their application for colour and amber glasses 

production. Both the Chemical and Physical properties of Gwoza silica sand deposit were above the required level 

for application in glass making industry.  

 

SIGNIFICANCE:  The uses and applications of glass in today’s technology are numerous; therefore, investigation 

of the chemical and physical properties of Borno and Yobe states (which are semi-arid region 

predominantly characterized by vast sand deposit) for glass making is of paramount 

importance. 
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1.0  INTRODUCTION 

Glass is essentially an amorphous solid made by fusing silica (Silicon dioxide) with basic oxides, which has been 

cooled to a hard condition without crystallization (Burgman, 1970). The exceptional formability of glass at elevated 

temperature, allows many useful configurations to be made by automatic processes. This characteristic makes it one 

of the most versatile of engineering materials. According to Oliver (1975), traditional applications of glass in the 

electrical industry are based upon the obvious physical characteristics of formability of the glass. In modern 

technology, glasses are extensively used in areas of microcircuit technology, including computer mass memories 

and computer controlled type settings.  

 

2.0 REVIEW 

The actual silica sand requirements in glass making process fall into two groups namely; the degree of purity, 

indicated by the chemical composition of the sand and natural physical state of the sand. (Waudby, 1994). 

Irrespective of glass to be manufacture, the degree of purity required varies. According to Tooley (1987) Iron 

content is perhaps the most critical chemical component for all glass making raw materials. Iron control is important 

because of its effect on glass colour (particularly white and flint glasses). For window glass, sand may contain 0.1% 

to 0.5% Iron oxide (Fe2O3) and dark green bottle glass as much as 2% to 3% Iron Oxide. For colourless glass, the 

degree of purity required is higher (Waudby, 1994).  

However, different modifiers are used to produce different types of glass with special characteristics required for 

their eventual use. According to George and Henry (1986), the largest proportion of glass produced for commercial 

use is soda lime silica composition. It is manufactured by the fluxing and melting of pure silica sand in the glass 

melting furnace; silica (SiO2) is the glass forming oxide, soda (Na2O) is the fluxing agent, and lime (CaO) or (CaO + 

MgO) is the stabilizing material to provide chemical durability. Various other oxides may be added to the glass 

formula to enhance or impart other desired properties. For example Al2O3, B2O3, PbO could be added to improve the 

mechanical strength of the glass, enhance low thermal expansion and high refractive index respectively. 

 Waudby (1994) reported that the grains of the silica sand for glass making should lie within certain size limits and 

must be uniform. Close grading assists the even melting of the silica sand; coarse grains react slowly and are apt to 

cause solid inclusion. Very fine grains may entrap air bubbles, which are difficult to remove. The ideal size of the 
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grains is anything between 0.0166mm and 0.006mm in diameter or between 10 -100 mesh (B. S. sieve number) and 

require 80% of the grains to lie within this range (Waudby, 1994). 

Another natural physical property that is necessary to investigate for the determination of the suitability of the sand 

for glass making is the grain morphology. Grain roundness describes the relative sharpness of the grain corners and 

edges (Tooley, 1987). The visual comparator presented by Power (1983) is one of the most widely used devices of 

grain roundness studies. According to Waudby (1994), the roundness of the grain must be angular rather than 

rounded.  

Tooley (1987) reported that, heavy minerals such as sillimanite, kyanite, andalusite, zircon, spinel, garnet e.t.c. 

represent an inclusion in the finished glass. These particles can survive the glass melting process and come out as 

solid inclusion or stone defects. Minerals such as these have their specific gravity greater than 2.65. Thus for any 

sample whose specific gravity is greater than 2.65, the sample is not desirable for glass making (Tooley, 1987). 

 

3.0  METHODOLOGY 

3.1 Sand Preparation 

The sand samples were first cleared coned and quartered to obtain the representative fraction. The coning and 

quartering means pouring of the sand sample on a flat surface such that it formed a cone which was divided into four 

equal parts by using a straight edge (Head, 1992). The two alternate quarters are mixed again for further quartering. 

The representative fractions for each sample were later crushed and grounded separately to produce 120 Mesh (BS) 

sieve. The crushed samples were used for chemical analysis. 

3.2 Chemical Analysis 

The method adopted for the determination of the chemical composition of the sand samples involved the use of 

volumetric analysis where percentage by weight of the sample compositions were determined and presented in Table 

1. 

3.3 Particle Size Analysis 

Dry sieving method was adopted and the representative sand samples were obtained from the quartered sand 

samples. The samples were first dried in an oven and from each sample; 200g was weighed and passed through 

cleaned sieves, which are arranged on a mechanical shaker with the coarsest screen on top. The machine was 

operated for 15 minutes. After sieving, the samples in the sieve were emptied onto sheet of papers and weighed one 

after the other. The cumulative percentage by weight of the particles passing each sieve was calculated. 

3.4 Grain Morphology Examination 

The sand samples were viewed under microscope to reveal the shape of the samples i.e. whether they were angular 

with sharp corners, which would satisfy the requirement for glass making or sub angular with rounded corners.  

3.5 Specific gravity test 

The specific gravities of the sand samples were determined by pycnometer (density bottles). The bottles were 

weighed on electric balance (M1) and from each sand sample; 10g was weighed and poured into the bottles. The 

bottles and their contents were weighed (M2), followed by filling them with water. They were heated to expel air 

bubbles and allowed to cool. The cooled bottles and their contents were weighed (M3). After weighing the bottles, 

they were emptied and cleaned with distilled water. The bottles were filled with water and weighed (M4). Thus, the 

specific gravities of the sand samples were determined by Rudolp and Lubos equation shown in equation 1;  
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4.0 RESULTS AND DISCUSSION 

The major glass forming oxide is the silicon oxide which varies in different glass formation. Comparing the results 

of the percentage chemical compositions obtained in the three sand samples with the standard chemical 

compositions, these standards vary depending on the glass formulation. The percentages of the silica contents of the 

three samples are adequately enough for glass making. However, the percentage of Iron oxide obtained in them is 
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high and they can only be suitable for coloured and amber glasses. This is because the percentage Iron oxide 

requirement for this type of glass is between 2-3% by weight of Iron oxide. As such, they cannot be used for 

colourless glass and window glasses because the percentage needed is only 0.1% by weight as shown in Table 1. 

The percentage CaO and MgO obtainable in these silica sand deposits were very low for glass making when 

compared with the standard percentage composition requirements. For example, between 4-5% of these compounds 

are required for soda lime and lead glasses manufacturing (Waudby, 1994). Higher percentages may be required for 

fiber and alumina silicate glasses production.   

 

The percentage of Al2O3 obtained in Dapchi and Ngala samples would not have much effect on soda lime, 

borosilicate and colourless glass since the excess would add to the chemical durability of the glass and hence would 

improve the mechanical strength of the glass (Tooley 1987). Sample from Gwoza has a very high percentage 

composition of Al2O3. The sample can be used for alumino silicate and fibreglasses because the glasses of such type 

require 12- 17% by weight of aluminum oxide (Tooley 1987). 

The percentages of sodium and potassium oxide obtained in all the samples were considerably small when compared 

with the standard percentage needed for various glass formulations. Glasses such as borosilicate glasses, lead 

glasses, fibreglasses and to some extent, alumino silicate glasses require about 2-9% by weight of Na2O and K2O 

depending on the type of glass to be manufactured (Manas, 1979). Up to 15% by weight of Na2O is needed for soda 

lime glasses (Manas, 1979). Thus, the percentage can be increased to reach the standard level required for soda lime 

glass production. 

From the results of the grain size distribution shown in Table 2, samples from Dapchi and Ngala were found suitable 

for glass making, because the grain sizes were within the ideal size limits as supported by the grading curve that 

appeared very steep as plotted in the standard particle size distribution chart shown in Figures 1- 3. It was also 

observed that 80% of the sand grains of these samples lie within number 30 and 100 mesh sieves, which satisfied the 

requirement for glass making (Waudby, 1994). Furthermore the results of the grains shape viewed under microscope 

showed that Dapchi and Ngala grains were angular and sharp in their natural formation. Accordingly, both sand 

samples can be use for glass making. But sand samples form Gwoza were sub angular and the sharpness of the 

corner edges are not sufficient for glass making. 

Heavy minerals are not needed in sand for glass making (Tooley, 1987). These minerals are said to have their 

specific gravities greater than 2.65 which is the normal specific gravity of silica. Thus, for sand with specific gravity 

greater than 2.65, the sand can not be used for glass making. With this background, samples from Gwoza were not 

suitable for glass making. This is because the specific gravity is greater than 2.65 (Table 3). Although, samples from 

Dapchi and Ngala are much closer to that value and as such they can be use for glass making. These samples can be 

melted without any traces of inclusion in the finished glass. 

5.0 CONCLUSION 

Despite the fact that the percentage silica contents (the major glass forming oxide) in each of the silica sand samples 

was within the acceptable level for glass making, only Dapchi and Ngala silica sand samples have additionally, the 

physical characteristics that could meet the requirements for glass making. Generally, the high percentage of Iron 

oxide obtainable in these samples makes them suitable for colour and amber glasses production. Accordingly, the 

Dapchi and Ngala silica sand deposits can be use for making coloured glasses. 

 

 

 

 

 

 

 

 

 

I. S Sintali & G. Egbo 



Journal of Engineering and Technology (JET) Vol. 2, No. 2 August 2007 

16 

 

REFERENCE 

1. Burgman, J. A. (1970). Effects of glass forming oxides on crystallization. Journal of Engineering Materials, 

Vol.3 No1: pp3-4. 

2. George, S. B. and Henry, R. C. (1986). Materials Science Hand book. 12
th

 Edition, McGraw Hill Press, New 

York. 

3. Head, K. H. (1992). Manuals of Soil Laboratory Testing. Pentech Press, London. 

4. Manas, C. (1979). Science of Engineering Materials. Macmillan Company Publishers, India  

5. Oliver, D. S. (1975). The use of glass in Engineering. 1
st
 edition, Oxford University Press, London. 

6. Powers, M. C. (1983). A new roundness scale for sedimentary particles. John Wiley and Sons Inc. New York, 

7. Rudolp, D. and Lubos, R. (1999). Minerals of the world. 1
st
 Edition. Spring Books Publishers, London  

8. Tooley F. V. (1987). Hand book of glass manufacturing. Ogden Press, New York.  

9. Waudby, J. E. (1994). A Summary of the known Deposit of glass in Nigeria (Unpublished) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
I. S Sintali & G. Egbo 



Journal of Engineering and Technology (JET) Vol. 2, No. 2 August 2007 

17 

 

TABLE 1: Chemical Composition of the Sand Samples 

S/No COMPOSITION TOWN 

Dapchi 

(% by weight) 

Ngala 

(% by weight) 

Gwoza 

(% by weight) 

1 SiO2 93.76 92.46 82.41 

2 CaO 0.56 1.12 1.12 

3 MgO 0.20 0.40 ND 

4 Fe2O3 1.59 1.20 0.80 

5 MnO ND 0.02 0.20 

6 TiO2 0.01 0.01 0.01 

7 P2O2 ND 0.02 ND 

8 Al2O3 2.02 2.99 13.08 

9 Na2O 0.45 0.45 0.75 

10 K2O 0.50 0.50 0.60 

Notations;  

ND - Not Dictated, and IL   - Ignition Loss 

 

TABLE 2: Calculated Cumulative Percentage by Weight of the Particles Passing Each Sieve 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

TABLE 3: Specific Gravity of the Sand Samples 

Town M1(g) M2(g) M3(g) M4(g) Specific gravity 

Dapchi 28.55 38.55 62.22 56.12 2.56 

Ngala 24.41 34.41 56.92 50.83 2.56 

Gwoza 22.06 32.06 55.44 49.04 2.78 

 

S/No 

 

Sieve size 

(μm) 

TOWN 

Dapchi 

(% Pass) 

Ngala 

(% Pass) 

Gwoza 

(% Pass) 

1 1180 100 100 100 

2 850 97.5 97.7 59 

3 500 72.5 72.6 31.9 

4 425 47.6 47.0 19.4 

5 300 25.2 24.0 9.6 

6 250 16.9 15.6 5.4 

7 180 16.9 10.1 3.0 

8 150 5.7 4.7 0.5 

9 125 3.9 3.0 0.6 

10 75 1.2 1.2 0.3 

11 75 0 0 0 
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