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ABSTRACT

The silica sand samples were obtained from six different locations, Umuchima and Ugwuonyekaba in
Okigwe,Ugwuogu and Umuanyi in Uturu, Otamiri River in Federal University of Technology ,Owerri (FUTO)
and Nworie River in Owerri all in southeastern Nigeria.

The grain size distribution analysis was determined by passing the material through a series of sieves stacked
with decreasing mesh sizes from the top to bottom, and weighing the material retained in each sieve.

The sieve analysis of the sand samples showed that the grain size ranges from 0.15mm to 0.5mm and more than
95% percentage of the sand samples fall within 100meshsieve, coefficient of uniformity (Cu) is between 1.94 to
2.8 and coefficient of curvature (Cc) is in the range of 0.8 to 1.4.

The pH range is from 6.6 to 6.97 and that of silt content is from 0.89 to 2.63 percent. The range of specific
gravity is from 2.57 to 2.64.

Conductivity of the sand samples is between 613.76 to 989.53 ps/cm.

The chemical analyses of the silica sand samples by atomic absorption spectrophotometer (AAS) showed that
the percentage silicon oxide content of 95.91 and 96.12 with low iron content of 0.18 and 0.16 for B1 and C
respectively is adequate for the manufacture of amber glass, green glass and insulating fiberglass. The rest of
the sand samples fall below 95.91 percent of silicon oxide content and Al had the lowest percentage.
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I INTRODUCTION

Silica sand is a naturally occurring granular material that is composed of finely divided rock and
mineral particles. Sand has various compositions but is defined by its grain size. Sand grains are smaller than
gravel and coarser than silt. Sand can also referto as a textural class of soil or soil type; i.e., a soil containing
more than 85 percent sand-sized particles by mass.[1].Silica sand has various compositions depending on the
local rock sources and conditions but the most common mineral on earth ‘s surface is quartz sand ,it is found in
almost every type of rock; igneous , metamorphic and sedimentary [2].

High percentage of silicon oxide content in sand makes glass making possible. Silica sand is the
primary component of all types of standard and specialty glass. Silica sand also known as Industrial sand is used
to produce flat glass for building and automotive use, container glass for foods and beverages, etc. It provides
the silicon oxide (SiO;) component of glass formulation. The requirement falls into two main groups, namely
the degree of purity as indicated by its chemical properties and the physical characteristics of the sand [3]. For
industrial and manufacturing applications, deposits of silica sand yielding products of at least 95% SiO, are
preferred. Industrial sand’s strength, silicon dioxide contribution and non-reactive properties make it an
indispensable ingredient in the production of thousands of everyday products[4][5][6].
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Table 1: General specification of chemical composition of glass sand

Glass quality SiOx% Fe,03% Al,03% CaO/MgO% TiO%
Optical 99.80 0.005 0.10 0.100 -
Borosilicate glass 98.50 0.050 0.50 0.20 0.012
Colorless container glass 98.50 0.150 0.50 0.50 0.100
Clear/Float glass 95.00 0.200 4.00 0.50 0.100
Insulating fiber 95.00 0.300 0.50 0.50 0.100
Amber glass 95.00 1.000 4.00 0.50 0.100
Green glass 95.00 1.000 4.00 0.50 0.100

Source: [7][8][9]

Il. MATERIALS AND METHODS
2.1 Source of Materials
Six locations or sources were selected for this study, four of the sources are pit sand and the remaining two are
River sand. The sources and location of selected aggregates are shown in Table 2.

Table 2: Description of Studied Aggregates

SIN Sample Code Sample Name/Location Co-ordinates

1 Al Umuchima pit sand, Okigwe 5.8314°N,7.3434°E
2 A2 Ugwuonyekaba pit Sand, Okigwe 5.8351°N,7.3423°E
3 B1 Umuanyi pit Sand, Uturu 5.8308°,7.4191°E
4 B2 Ugwuogu pit sand ,Uturu 5.8225°N,7.3941°E
5 C Nworie River, Owerri 53°N ,7°00E

6 D Otamiri River, Owerri 5.3927°N,6.9861°E

Figure 3.1: Location and collection

2.2 Grain size distribution
Grain size distribution was determined by a sieve analysis test and Standard Sieve sizes for fine
aggregates according to ASTM E 11[10] were used.
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The sand samples were dried in oven and each of the dry samples was weighed to obtain 200g, the
mechanical sieveshaker was stacked with decreasing mesh sizes from the top to bottom, the sand sample was
poured on the sieve shaker and was operated for 20 minutes. After sieving the samples, they were emptied on a
crucible weighed one after the other, and then the cumulative percentage by weight of the particles passing each
sieve was calculated and recorded.

Figure 1: Si

2.3 Determination of pH

The pH of the samples were determined using a digital pH meter (PH-3C). Five (5) grams of the
properly labeled samples were diluted with 10ml of sterile distilled water, and the electrode of the pH meter
which has been previously standardized was dipped into the diluted soil sample and swirled gently, allowed to
stand until a stable/constant reading was obtained. At each point, two values were obtained and the mean of the
values was used.

2.4 Determination of Conductivity

Conductivity of the samples was measured with a conductivity meter (DDS 307) during the period of
the experiment. Electrical conductivity (EC) of water is a measure of the ability of a solution to conduct an
electrical current. The conductivity values were measured in ps/cm, and it gives a surrogate value of level of
salinity and total dissolved solids (TDS). Five (5) grams of the soil sample were diluted in 10ml distilled water,
and swirled gently for proper distribution. The electrode of a conductivity meter was dipped into the diluted soil,
and the noted immediately as a constant value appeared.

Figure 2: pH and conductivity meter.

2.5 Determination of Specific Gravity

The washed aggregate was transferred to the tray and water was added further to ensure that the sample
is completely immersed. Soon after immersion, bubbles of trapped air were removed by gentle agitation with a
rod. The sample was immersed in water for 24 hours at room temperature.it is then the removed from the water
and dried to a saturated surface-dry stateby exposing the aggregates to warm air and stirred to obtain uniform
drying. The saturated and surface-dry sample was weighed (mass A), the aggregate was placed in the
pyknometer(flat bottom flask) and the pyknometer filled with water. The trapped air was eliminated by rotating
the pyknometer on its side, the hole in the apex of the cone being covered with a finger. The pyknometer
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Topped up with water to remove any froth from the surface and so that the surface of the water in the hole is
flat. Thepycnometer was dry on the outside and weighed (mass B).The contents of the pyknometer was emptied
into a tray, taking care to ensure that all the aggregate was transferred. The pyknometer was refilled with water
to the same level as before, it was dried on the outside and weighed (mass C).Then the water was drained
carefully from the sample by decantation through a 75 pm BS test sieve and any material retained was returned
to the sample. Then the sample was placed in the tray, in the oven at a temperature of 105°C + 5°C for 24 hours.
Then it was cooled in the airtight container and weighed (mass D).

Figure 3: specific gravity test

1

Specific Gravity =

D—(B-C)
Where D = Mass of Oven dry aggregate in air
B = Mass of oven dry sand
C = mass of vessel with water only
A = Mass of saturated Surface- dry aggregate in air

2.6Chemical analysis

The materials for this experiment (volumetric flask and digestion flask) were bathed in nitric acid for
12hours, washed with detergent, rinsed in deionized water and dried in oven.

The digestion procedure for soil sand samples were carried out to obtain the various elements present in
the samples by weighing and transferring 2g of each soil sample into digestion tubes (50 mL). 20mL of 60%
concentration of Nitric acid and 10 ml of 70% perchloric acid were added respectively into each digestion tubes
containing the samples and then mixed together and left in fume cupboard for 24 hours, after which a brown red
coloured solution was observed due to the fume of HNO; given off during the reaction of acid with the samples.
After this process, the digestion tubes containing the samples including the blank were placed in a digester and
heated to a temperature of 120°c for 1 hour in which a light coloured clear solution was observed indicating a
complete digestion. Care was taken to ensure that the sample did not get dry during digestion to avoid loss of
constituent in the soil sample. After that, the digestion tubes were washed with deionized water and filtered
throughWhitman filter paper No. 42 [11].The samples were transferred to 100ml volumetric flasks and made up
to mark with deionized water and the sample solutions were analyzed for concentrations of SiO,, Fe,O3, AL,0s,
Ca0, TiO; and K,0 using an atomic absorption spectrophotometer (AAS320N).

2.7 Metal analysis of soil sand sample

A method detection limit (MDL) is the minimum concentration of a substance that can be measured.
The determinative procedures involve digesting and diluting the blank solutions and then analyzing the
concentration of each element of the samples. Then, the standard deviations of the triplicate readings of seven
blanks were calculated. The standard deviations were multiplied by three to give MDL.

In the metal analysis procedure, atomic absorption spectroscopic standard solutions containing 1000
mg L-1 (Buck Scientific) was used for preparing intermediate stock solutions and working standards. The
intermediate standards were prepared by using dilution method. In addition, the working standard solutions were
prepared freshly by appropriately diluting the intermediate standards with deionized water SiO,, Fe,0;, AL,0,
Ca0, TiO, and K,O were analyzed with the AAS using calibration curves, after the parameters (lamp
alignment, wave length and slit width adjustment and burner alignment) were optimized for maximum signal
intensity and sensitivity of the instrument. The wavelength and slit width were selected and adjusted at the
beginning of the analysis and it was constant up to the end of the analysis. This condition was performed in the
same way throughout the study period[12].
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% pAassing

Figure 4: chemical analysis test

. RESULTS AND DISCUSSION

3.1 Gradation
Table 3: Result of grain size analysis

SIN. Course Medium Fine Silt/Clay % of Cu Cc USCS FM
4.74-2 2-0.475 0.475- <0.057 Sand
(mm) (mm) 0.075
(mm)
Al - 3.75 95.04 1.21 98.68 2.32 1.86 SP 1.7
A2 e 14.66 83.11 2.23 97.57 2.36 1.60 SP 1.9
B1 0.03 4.45 93.82 1.70 98.02 3.40 0.20 SP 15
B2 - 14.29 83.16 2.55 97.30 5.30 1.80 SP 14
C 2.30 53.85 41.22 2.63 96.90 8.3.0 3.00 Well 2.6
graded
D 1.20 55.31 42.60 0.89 99.0 7.05 2.80 Well 25
graded

Graph of % passing against particle size for all the samples
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Figure 5: Graphical illustration of the samples

The result obtained in table 3 shows that Sample C and D are medium sand while the rest of the
samples are fine sand. The components of coarse aggregates (4.74-2.0 mm) vary from 0.03% to 2.3%. Medium
sand (2.0-0.475mm) range from 3.75% to 55.31%. Fine sand fraction (0.475-0.075 mm) range from 41.22 % to
95.04%. Silt /clay content (<0.075m) are 0.89% to 2.63%. The grain size ranges from 0.15 mm to 0.5 mm and
more than 95% percentage of the sand samples fall within 100-mesh sieve.[13]
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The values of coefficient of uniformity (Cu) vary from 2.32 to 8.3, while the values of coefficient of
curvature (Cc) range from 0.2 to 3.0. All the samples according to the Unified Soil Classification System
(USCS) were classified as poorly graded sand (SP) except sample C and D that are well graded. A given sample
is well graded when Cu is equal or greater than 6 (Cu >= 6) and Cc is between 1 and 3 (1<=Cc<=3) [14].

Table 4: PH of the Samples

SIN Sample Code pH
1 Al 6.88
2 A2 6.82
3 B1 6.68
4 B2 6.69
5 C 6.79
6 D 6.87

Bar Chart of pH of the Samples
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Figure 6: Bar chart of PH the Samples

6.79

6.87

The pH of the silica sand samples gives alkalinity or acidity of the silica sand [15]. A higher or lower
pH values signify the present of acidic or basic oxide in a given silica Sand sample. Sand with a pH close to
neutral (7) is best for construction and glass making [16]. The value of the pH of the sand samples ranges from
6.68 to 6.88 and can be classified as slightly weak acid, which has no significant effect.

Table 5: Specific Gravity of the Samples

SIN Sample Description Specific gravity
1 Al 2.62
2 A2 2.59
3 Bl 2.57
4 B2 2.64
5 C 2.63
6 D 2.63
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Bar Chart of Aggregate Specific Gravity
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Figure 7: Bar chart of specific gravity of the samples
According to[17], Silica sand with specific gravity greater than 2.65 is not suitable for glass making and all the
samples fall below the specified 2.65. Sand samples with specific gravity above 2.65 is said to possess heavy
minerals

Table 6: Conductivity of the samples

SIN Sample Code Conductivity (us/cm)
1 Al 804.33
2 A2 821.88
3 Bl 954.61
4 B2 989.53
5 Cc 710.66
6 613.76

Bar chart of aggregates conductivity
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Figure 8: Bar Chart of conductivity of the samples
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Electrical conductivity refers to the measure of how electric current moves within a substance. One can simply
say that conductivity is the ability of a substance to conduct electricity.

Conductivity is measured in micro or millisiemens per centimeter (ps/cm or ms/cm)

From the bar chart of conductivity, Samples B2, B1, Al and A2 had the highest conductivity and this could be
deducible from the fact that their grain sizes are fine grains and are more compacted (reduced pore space),
which have a strong effect on their electrical conductivity. The reverse is the case for C and D, which have low
conductivity and could be attributed to the fact their grain sizes are medium/coarse sand and are not compacted
(having large pore space).

For fine grain sand, the valence energy band could be lower and little energy is required for conduction
compared to medium or coarse sand

4.7: Chemical Analysis of the Samples
The chemical analysis of the sand samples after dilation using atomic absorption spectrophotometer (AAS) is as
follows:

Table 7: Chemical analysis result

Sand Samples SiO% Fe,03% Al,03% CaO/MgQO% TiO% K,0 Loss on
Ignition

Al 69.01 213 17.19 105 e 0.1 1.04

A2 91.91 0.50 113 - 0.2 0.7 5.56

B1 95.91 0.18 228 e e 0.12 1.51

B2 93.18 0.06 2.78 0.1 0.3 0.52 3.06

C 96.12 0.16 006 - 0.9 0.5 2.26

D 78.16 2.70 7.40 266 0 - 2.08 7.0

The chemical analyses of the silica sand samples by atomic absorption spectrophotometer (AAS)
showed that the percentage silicon oxide content of 95.91 and 96.12 for B1 and C respectively is adequate for
the manufacture of amber glass, green glass and insulating fiberglass. If B1 and C are subjected to sand
processing technique such as washing, attrition scrubbing and acid leaching, their percentage silica content can
be increased to more than 98 percent for the production of colorless container glass [18].The rest of the sand
samples fall below 95.91 percent of silicon oxide content and Al had the lowest percentage. The percentage
silica content of B2 can easily be enhanced for glass production by sand processing technique than the rest of
the sand samples that fall below 95.91 percent of silicon oxide content.

IV.  CONCLUTION
The physical properties of the sand samples show that the size of the grains ranges from 0.15 mm to 0.5
mm, the sand samples are more of fine sand and few are medium sand and more than 95% percentage of the
sand samples fall within 100-mesh sieve.The chemical analyses of the silica sand samples showed that the
percentage silicon oxide content of 95.91 and 96.12 for B1 (Umuanyi Pit sand) and C (Nworie River sand)
respectively is adequate for the manufacture of amber glass, green glass and insulating fiberglass according to
general specification of chemical composition of glass sand [7][8][9].
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