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Abstract 

Fresh representative samples of sand from the three different locations-
Ekrerhavwe, Eruemukohwoarien and Uduere- where adequately sampled. 
From each location, twenty (20) samples were collected to make an 
aggregate sample of one kilogramme (1kg). The method used for the 
analysis is double dehydration method. The values of Silicon IV oxide 
(SiO2) of the sand from the three locations along Ughelli River: Ekrerhavwe  
98.12%, Eruemukohwoarien 98.06% and Uduere 97.70% agrees with the 
standard 98.20% used by Beta Glass Plc:- Delta plant, Ughelli, Delta State, 
Nigeria and also agrees with the standard 96-98% as obtainable in 
parengarenga Harbour located in the North Island of New Zealand. Beta 
Glass using the stated standard is a manufacturer of various container-glass 
products, which shows that SiO2 from Ughelli River is suitable for the 
production of container-glass products.   

                                            
Glass is a hard brittle substance, typically translucent, made by fusing sand with Soda lime 

and sometimes, other ingredients and cooling rapidly. 
Glass is an amorphous solid that has been around in various forms for thousands of years and 

has been manufactured for human use since 12,000 BC. The status of glass as a liquid, versus a solid, 
has been hotly debated. The short story is that glass is super cooled liquid, meaning that it is rigid and 
static but does not change molecularly between melting and solidification into a desired shape. Glass 
is one of the most versatile substances on earth, used in many applications and in a wide variety of 
forms, from plain clear glass to tempered verities and so forth.    
  

The most familiar type of a glass, used for centuries in windows and drinking vessels is soda-
lime glasses made of about 75% silica (SiO2) plus sodium oxide (Na20), calcium oxide (CaO) and 
several minor additives. 
 The term “glass” developed in the late Roman Empire. It was in the Roman glassmaking 
center at Trier, now modern Germany that the late-latin glasum originated, probably from Germanic 
word for transparent substance (Douglas, 1972). 

 
The main constituent of Flat Glass is SiO2 (silica sand). This has a high melting temperature 

in the region of 1700o C and its state at this temperature is like syrup on a very cold day. The basic 
building block of silica has a tetrahedral pyramid shape with silicon at its centre linked symmetrically 
to four oxygen atoms at its corners: it has the chemical formula SiO4 and is negatively charged.  
           On cooling molten silica quickly, a random organized network of these tetrahedral is formed, 
linked at their corners, to give an amorphous material known as vitreous silica. 

 
 
 
 
 
 
 
The Important Basic in Glassmaking Chemistry is as Follows: 
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     1,5000C 
Na2CO3+SiO2                 Na2SiO3+Co2 

 
      

 
   Na2SO4 
Na2SiO3+xSiO       (Na2O) (SiO2) 

     Digestion   (x+1) 
 

For practical and economic reasons, the high melting point and viscosity of silica is reduced 
by adding sodium oxide (a flux) in the form of a carbonate and the sodium-oxygen atoms enter the 
silicon-oxygen network, in accordance with their valency states. These atoms are known as Network 
Formers. Other major constituents of Flat Glass: Calcium and Magnesium enter the network structure 
as Network Modifiers and the action of these modifiers is to make the structures more complex so that 
when the components are melted together, in the cooling process, it is more difficult for the atoms to 
arrange themselves in suitable configurations for crystallization to occur. Fig 1 below shows the 
structure of soda-lime-silica float glass. In the glass making process, the cooling rate is arranged such 
that viscosity increases and the mobility of the atoms is hindered thus, preventing arrangements and 
crystallization from occurring. 

Thus, glass is often referred to as a super cooled liquid in that it has no crystallization or 
melting point and does not exhibit the phenomenon of the latent heat of crystallization or fusion 
(Werner, Kreidl and Esther, 1985). The major and minor components used in glass making are as 
shown in Table 1 and Table 2 respectively.  

 
Fig 1 The Structure of Soda-Lime-Silica Float Glass 
 
 
 
Table 1: Major Ingredient Used in Making Glass (Callan And Louise, 1989) 

Igredient                    Composition                    Source 
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 Sand   96-98%S102  Parengarenga Harbour 
 Soda ash  Na2C03   USA 
 Limestone  CaCo3   Waitomo 
 Cullet   Glass   N.Z. recycling bins and kerbiside 

 Collections 
 
 
Table 2: Minor Ingredients Used in Making Glass (Callan and Louise, 1989) 
Igredient                        Composition                   Source 
 

 
Saltcake  Na2SO4  New Zealand 
Alumina  AI2O3   Australia 
Magnetite  Fe2O3   New Zealand iron sand 
Iron chromite  Fe2O3 (28%). Cr2o3 

 (45%).SiO2 AI2O3      South Afirca 
Iron pyrites                      FeS                                China/Taipei 
Carbon                             carbon                            USA 
Selenium                          selenium                        Japan 
Cobalt(II) oxide              CoO 
 

Sand can be defined as an unconsolidated sedimentary deposit of classic particles that vary in 
size between 1/16 mm and 2mm and are derived from a source rock through mechanical means or as a 
result of chemical weathering, which is also active in breaking down host rock (George, Chilingarian 
and Karl, 1975).   
 The aim of this project is to provide useful information on the physico-chemical properties of 
sand in Ekrerhavwe, Eruemukohwoarien and Uduere of Delta state to; 
(i) glass factories operating in the locality, 
(ii) Prospective investors-governmental and non-governmental, national and international. 
 

These glass industries do create job opportunities to different categories of persons. Also 
individuals will be involved as suppliers of raw materials, like sand, limestone and feldspar via their 
own quarries, hence become self-employed and productive. 
 
Method and Materials 
Collection of Sample 

Fresh representatives samples of the three different location- Ekrerhavwe, Eruemukohwoarien 
and Uduere dredged sand from the streams,  the only major stream that passed through these towns in 
Ughelli north local government area of Delta state were adequately sampled, for each location, 
twenty(20) samples were collected to make an aggregate sample of one kilogramme(1kg). 
 
Analysis of Sample  

The method used for analysis is Double dehydration method. This method is being used by Beta 
Glass Plc- Delta plant Ughelli Delta State (American Society for Testing and Material, ASTM). 
  The aggregate sample of one kilogramme (1kg) from each site was dried in an oven at 110oC 
for 1-2hrs. The dried sample was thoroughly mixed and spread evenly on very wide paper, small 
portion was scooped from the entire spread surface into another paper. This was repeated until smaller 
required amount to be pulverized for the analysis was obtained. This was transferred into agate 
mortar, pulverized to a fine powder and dried in an oven in a weighing bottle at 105oC to 110oC for 
one hour (1hr), after which it was cooled in the desiccator to room temperature.  
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 Silicon (IV) oxide (SiO2) which is the parameter of interest was analyzed using “double 
dehydration method” (American Society for Testing and Material, ASTM).     
 
Results and Discussion 
Table 3: Chemical Properties of Silicon (IV) Oxide 
Analyte  Uduere Eruemukohwoarien Ekrerhravwe Beta Glass- Delta Plant 

Ugheilli (Specification) 
Standard  

     
SiO2 97.76 98.06 98.12 98.20 minimum  
CaO 0.06 0.055 0.07 - 
Al2O3 1.08 0.92 0.89 0.8 maximum  
Fe2O3 0.145 0.85 0.088 0.06 maximum  
TiO2 0.011 0.092 0.079  
Na2O 0.051 0.04 0.033  
K2O 0.33 0.31 0.28  
L.O.I 0.44 0.38 0.40 0.20 maximum  
Total 99.97 99.94 99.96  
 

From table 3, showing the chemical  properties of the sand, the SiO2  content of the three 
sites, Ekrerhavwe, 98.12%, Uduere, 97.78%, Eruemukohwoarien, 98.06% agrees with the standard 
98.20% used by Beta Glass Plc-Delta plant Ughelli and also agrees with the standard 96-98% as 
obtainable in parengarenga Harbour located in the North Island of New Zealand . The iron (III) oxide 
content of the three sites Ekrerhavwe 0.088%, Uduere 0.145% Eruemukohwoarien, 0.085% which is 
relatively higher than the standard 0.06% of Beta glass Plc- Delta plant Ughelli. But for coloured 
glass container the iron (iii) oxide content of the three sites are okay compared to British standard 
0.25 %( Douglas, 1972).  
 
Ranges of Acceptable Content Iron in Silica Sand 
 

Coloured containers

Colourless containers

-

-

-

-

-

Insulating tibros

Clear that/Foat glass

Optical glass

Borosicilicate glass

Crystal glass

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.
0.00                                         0.05                        0.10                         0.15                        0.20                                 0.25                                 0.30            0.35  

 Source: BA 2975   Percentage of Iron (as Fe2O3) 
 
Figure 1. (BS 2975)  Ranges of Acceptable Iron in Silica Sand 
 
 
 

By further processing, the Iron (iii) Oxide content of that Ekrerhavwe, 0.080% and that of 
Eruemukohwoarien, 0.085% can be reduced to such level that it can be used for flint glasses. 
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Table 4: Physical Properties Silicon (IV) Oxide 
    Sieve Analysis (%) 
Uduere 
 
(%) 

Eruemukohwoarien 
 
(%) 

Ekrerhravwe 
 
(%) 

Beta Glass- Delta Plant  Ughelli  
(specification) standard  
(%) 

    
2.20 3.80 3.40 +1.0mm mesh = 0.00% 

6.10 10.20 14.80 (-1.0mm to 0.5mm) mesh = 5.00% 
max  

86.00 79.00 79.20 (-1.0mm to 0.15mm) mesh  = 80.00% 

5.40 6.00 2.60 -0.15mm mesh                   = 10.00% 

 From table 4  showing the physical properties reveals that the most useful part of the sand, 
that was  retained on mesh 0.500mm to 0.15mm-Ekrerhavwe 79.20%, Eruemukohwoarien 79.0%, 
Uduere 86.0% met with 80.0% standard of beta Glass plc-Delta plant Ughelli. The three sites didn’t 
meet with the standard of that retained on +1.00mm mesh 0.00%- Uduere 2.20%, Eruemukohwoarien 
3.80%, Ekrerhavwe 3.40% and -1.0mm to 0.5mm mesh 5.0% maximums- Uduere 6.1%, 
Eruemukohwoarien 10.20% and Ekrerhavwe 14.80% respectively. This of course can be taken care of 
by further processing of the sand.  
 As for the quantity of sand that passes through -1.5mm  mesh the three sites met the standard 
10.00%  maximum -Uduere5.40% Eruemukohwoarien 6.00% Ekrerhavwe 2.60%, being  used by Beta 
Glass Plc-Delta Plant Ughelli Delta State, Nigeria. 
 
Conclusion 
           Ekrerhavwe, Eruemukohwoarien and Uduere, sand (silica) are okay for glass production. The 
Fe203   for flint glasses and the grain size distribution which were found to be poor can be improve 
upon by further processing. Due to these reasons the sand from these areas can be used to produce 
quality glasses. This is confirmed by the location of two glass factories close to this towns-beta Glass 
Plc-Delta plant Ughelli, Delta state Nigeria (still in operation) and Bendel Glass Ughelli, Delta State. 
Nigeria (no longer in operation)     
 
Recommendation 

It is recommended that Glass factories around these communities can haul sand from these 
sites to produce quality glass.   
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