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Chemical Evaluation of the Glass Making Potentials of
Silica Sand Deposits along Cross River in Cross River
State, South—East of Nigeria
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Abstract—Analytical techniques such as X-ray Fluorescence
Spectroscopy (XRF) and Atomic Absorption Spectroscopy
(AAS) coupled with statistical package for multivariate
analyses were used to characterize silica sand deposit obtained
along Cross River in Cross River State, South Eastern Nigeria.
Samples were collected from five locations along the river
which include: Ikom-Okuni, Obubra-Ofumbogha, Abi-Ediba,
Biase-Agwagune and Etung-Effraya. The results of analyses
revealed that silicon dioxide (SiO2) forms the predominant
metal oxide in the entire samples followed by iron oxides
(Fe20s3), sodium oxide (Na20). Other Oxides such as aluminum
oxide (A1203), potassium oxide (k2O) etc were also present.
Further beneficiation of the silica sand samples gave increased
silica dioxide content across all the samples and increase and
decrease of other metal oxides. The acid demand value (ADV)
and pH value of the silica sand determination revealed a
moderately low ADV and neutral pH value of all the samples.
A correlation between the mean values of SiOz and FezOs in all
the samples across all the sampling locations showed an inverse
relationship  between SiO2 and Fe20s. Furthermore,
comparison using population t — test of observed mean of SiO2
and Fez0s, with their observed minimum standard (90.52%,
0.005%) shows that the silica sand samples from Ediba and
Agwagune can be used as a source of SiOz for glass making due
to their high SiO2 and low levels of Fe203 content.

Index Terms—Concentration; Glass making; Metal oxides;
Silica sand.

I. INTRODUCTION

Sand is loose, disjointed mass of mineral substances in a
thinly granular condition that usually contains quartz
(silica), with a small proportion of feldspar, magnetite, mica,
and some resistant minerals. It is resulted from mechanical
chemical disintegration of rocks under the influences of
abrasion and weathering [35].

According to British Geological survey [3], Silica sand is
an industrial term used for sand or easily disaggregated
sandstone and it contains a high proportion of silica grains
(usually more than 95 % of SO,).

Quartz is the most common silica crystal and the second
most common mineral on the earth's surface. It is found in
almost every type of rock (igneous, metamorphic and
sedimentary). Silica occurs in nine different crystalline
forms and the three main forms include quartz, which is the
most common, tridymite and cristobalite. For a particular
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source of silica sand to be suitable for glass making, it must
not only contain a very high proportion of silica but also
should not contain more than strictly limited amounts of
certain metallic elements [11]. Presence of iron in silica
sand makes the resulting glass to be coloured and the iron
level is consequently the most critical parameter in
determining whether particular sand is good for making
clear or coloured glass [36].

According to [32], window glass sand may contain 0.1%
to 0.5% iron oxide (Fe;Os) and dark green bottle glass as
much as 2% to 3% iron oxide. For colour generally, the sand
may contain less than 0.035% Fe203, for flat glass in the
range of 0.040% to 0.1% Fe,Os [3]. Reference [2], reported
that, most glasses have roughly similar chemical
composition of 70% SiO2, 12% - 16% Na,O, 5% 1% - 3%
Al,O3, within these limits the composition is varied to suit
particular product and production method. Grain-size
distribution or grain shape is another important factor in
glass making. According to [5], the grain size should lie
within a given size limit and must be uniform. The ideal size
of the grains should be between 0.1 and 0.5 mm in diameter
or between 15 100 mesh (BSS number) and it is required
that 75% of the grain should fall within this range [7]. Grain
morphology is another physical property that determines the
suitability of the silica sand for glass making. According to
[32], [20] the roundness of the grain must be angular rather
than rounded. Reference [30] reported that, minerals with
specific gravity greater than 2.65 cannot be suitable for glass
making. These types of minerals exist as inclusions in a
finished glass and can survive the glass melting process and
come out as solid or stone defects. Glasses may be devised
to meet almost any imaginable requirement for many
specialized applications.

Glass can be made by melting together several minerals at
very high temperature. Silica sand can be used to
manufacture glass temperature about 1700 OC. The
production temperature can be reduced to 800 OC by
addition of soda ash (Na;CQOgs) (2) The uses and application
of glass in today’s technology are numerous and therefore,
this research work seeks to evaluate chemically the glass
making potentials of silica sand deposits along Cross River
in Cross River State, South — east of Nigeria.
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Fig. 1. An aerial outcrop view of silica sand deposit on Cross River in
Cross River State, Nigeria

Il. MATERIALS AND METHODS

A. The Study Area

The study of this research work covers the following
locations along the cross river, the locations are as follows:
Ikom-Okuni, Obubra-Ofumbogha, Abi-Ediba, Biase-
Agwagune and Etung-Effraya as shown in the study map
(Fig. 2). This river has its source from the Atlantic Ocean
passing through Calabar Ugeg to Obubra. The River is
mainly found in Cross River State, South Eastern Region of
Nigeria [18]. Its length and size makes it one of the largest
tributaries of Atlantic Ocean in Nigeria.
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Fig. 2. Map of the Sampling locations

B. Sampling
Five silica sand samples were collected from each of the
five  designated sampling locations  (Agwagune,

Ediba,Ofumbogha, Okuni and Effraya ) on the map (fig. 2).
The five samples drawn from each sampling point were
thoroughly homogenized together to obtain a single
composite sample representing each of the sampling points.
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The composite samples collected were transferred into a
clean sample bags to make a total number of five samples
collected in all the sampling locations. The samples
collected were taken to the laboratory for preparation and
pretreatment.

C. Sample Pretreatment and Preparation

The collected composite samples were individually
poured into a mesh screen and placed in plastic containers,
scrubbed and thoroughly washed with distilled water to
remove impurities.

The crushed fine grain particles were further sieved using
100 mm mesh screen to ensure homogeneity of particle size.
The crusher and mesh were repeatedly washed and rinsed
with distilled water to avoid contamination each time a new
sample was to be crushed and sieved. Each of the pulverized
samples was poured into a clean-dried universal bottles and
set for extraction of metals in solution, while the other
remaining parts of the uncrushed samples were preserved as
a reference samples.

D. Sample Digestion

From each of the representative samples (composite
samples), 0.2 g was weighed and placed in a clean-dried
crucible and 5 mL mixture of nitric and perchloric acid was
added in the ratio of 3:2, followed by 10 mL of hydrofluoric
acid (HF) and refluxed for one hour. The mixture was then
allowed to cool to room temperature and 5 mL of
concentrated hydrochloric acid (HCI) was added and allow
to settle down, and then filtered into 100 mL plastic flask
and made up to mark with de-ionized water. The solution is
allowed to stay for three (3) days before elemental analysis
was done using atomic absorption spectrophotometer (AAS)
[40] and [39]. Determination of Metal Oxides Concentration

This was carried out using atomic absorption
spectrophotometer (AAS), Shimadzu model AA 6800; x-ray
fluorescence spectrophotometer (XRF) Mini Pal Model 4
version PW430 and UV-spectrophotometer model 2400
Hatch. The atomic absorption spectrophotometer was used
for each determination of MnO, MgO, PbO and K:O.
Working standard solution for each element was prepared
and the standard solutions and aliquots of the diluted clear
digest were used for the determination. Standard curve was
used to establish the relationship between absorption
intensity and concentration of each element [42], [41]. The
detection limit of the AAS was < 0.001 mg/L. The X-Ray
fluorescence spectrophotometer was used for the determine
Si02, Fe 03, Cao, Al,O3, Nay0O, TiO., NiO, ZnO, BaO and
CuO. A binder was added to a specific amount of each of
the pulverized samples. It was mixed and pressed in a
hydraulic chamber to form a pellet. The pellet was then
loaded into the Analyzer of the spectrophotometer. To
produce x-rays, a voltage of 30 KV and a current 1mA was
applied. The analyzer was ran for about 30-60 seconds after
calibrating using the software attached to it. The result was
displayed automatically on the printout. All the samples
were analyzed following the same procedure [43].

E. Beneficiation and Up-gradation of Samples

The beneficiation of the silica sand samples was done
according to the method of [37], [38]. 20g of the
representative samples were weighed and placed in a 250
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mL flask and 100 mL of oxalic acid added. The mixture was
placed on a heating plate and agitated (870 rpm) at a
temperature of 80 °C to 90 °C for 2 hours. To ensures
uniformity; the agitation was kept constant for all the
experiments. A watch glass was fitted to the flask to prevent
evaporation during each experiment, the samples were
filtered and the residue washed with distilled water and
dried in an oven and the percentage concentration of metal
oxides in each sample determined using XRF.

F. Determination of Loss on Ignition (LOI) and pH

10 g of each sample were taken and carefully poured in a
clean crucible and weighed using analytical balance. The
weighed samples were then placed in an electric muffle
furnace and heated for 1 hour at 950 OC to determine the
loss on ignition.

The pH of the samples was determined electronically
using a pH meter of £0.1 % sensitivity model WTW pH
422. (The instrument was calibrated using a buffer solution)
[40].

G. Determination of Acid Demand Values of Samples

Acid Demand Values (ADV), is a measure of soluble
carbonates present in a given silica sand sample. It value
determines a low or higher concentration of alkali or
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carbonates reacting materials present in given silica sand
sample. Their presence is an indicator of whether given
silica sand sample can be used for glass making. It is
therefore important that the presence of these reacting
materials be measured so that uniformity and formulation
control may be achieved. The ADV was therefore carried
out according to the methods as reported in previous work
[28].

IIl. RESULTS

The metal oxide concentrations were determined using
the samples collected from five (5) different locations along
the River course of Cross River. The locations include:
Agwagune, Ediba, Effraya, Ofumbogha and Okuni. The
mean percentage metal oxide concentration of silica sand
samples is presented in Table I. Comparison of observed
percentage concentration of some of the oxides from Cross
River in Cross State, Nigeria with their percentage minimum
standard are as shown in Table Il while the results of the
acid demand values and pH of the silica sand are shown in
Figs. 3and 4.

TABLE | PERCENTAGE COMPOSITION OF OXIDES OF SILICA SAND DEPOSITS IN FIVE SAMPLING LOCATIONS ALONG CROSS RIVER

Locations Metal Oxides Concentration (%)
Oxides SiO, Fe;O; KO Na,O CaO AlLO; MgO TiO, 2ZnO NiO PbO BaO P,0s MnO CuO
Agwagune 90.270 0532 0.001 0.600 0.005 0.015 0.002 0.023 0.006 0052 0.018 0.071 0021 0.110 0.005
Ediba 90.520 0525 0.002 0.052 0.004 0.008 0.002 0024 0.005 0018 0.017 0.032 0423 0.201 0.012
Effraya 89.280 0.721 0.002 0.005 0.006 0.160 0.004 0.026 0.007 0.042 0.091 0.041 0.095 0.013 0.072
Ofumbogha 89.890 0.634 0.002 0.005 0.005 0.016 0.003 0021 0.006 0.160 0.021 0.038 0.018 0.012 0.002
Okunni 89.7705 0.646 0.003 0.005 0.006 0.016 0003 0.026 0.006 0.012 0.024 0035 0.023 0.1 0.013
Total 449730 3.058 0.010 0666 0.026 0215 0015 0.120 0.030 0.284 0.171 0217 058 0.346 0.104
Average 89.950 0.612 0.002 0.133 0.005 0.043 0.003 0024 0.006 0.057 0.034 0.043 0116 0.069 0.021

TABLE II: COMPARISON OF OBSERVED PERCENTAGE CONCENTRATION OF SI0,, FE,O3, CAO, AL,03, MGO AND TIO, FROM CROSS RIVER IN CROSS STATE,
NIGERIA WITH THEIR PERCENTAGE MINIMUM STANDARD

Metal oxides Observe Mean (%) Minimun Standard (%) t Mean Difference Sig.(2 tailed)
SiO, 89.950 95.000 7.961* 0.90400 0.001
Fe,0; 0.6116 0.0050 20.949* 0.380600 0.001
CaO 0.0052 0.1000 -1235.25* 0.0988200 0.000
Al,O; 0.0430 0.1000 -968.977* -0.094940 0.000
MgO 0.0029 0.1000 -44.680* -0.0952200 0.000
TiO, 0.0240 0.0120 35.857* 0.0500000 0.000
A. Acid Demand Values (ADV) 0
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Fig. 3. Acid demand value of silica sand at different locations
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B. Results of Determination of pH Value for Silica Sand

Deposits

The results of pH values for the silica sand samples
collected from the five different locations are shown in Fig.
4. The highest pH value occurred at Okuni while the lowest
was at Ofumbogha.
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Fig. 4. pH of silica sand samples at different locations

IVV. DISCUSSION

The results of concentration of silica sand samples
obtained from Cross River in Cross River State, Nigeria
have been analyzed using some standard analytical methods.
The results are as presented in Table I, Fig. 3 and 4.
Comparison of concentration of some of the metal oxides
and their minimum standards are presented in Table II.

A. Metal Oxides Concentration

The mean percentage of metal oxide concentration (SiO2,
Fe,0s;, K;0, NaO, CaO, Al,03;, MgO, TiO;, ZnO, NiO,
PbO, BaO, P,0s, MnO, and CuQ ) in the silica sand samples
are presented in Table I. The values obtained for SiO; across
all the five samples locations: (Agwagune, Ediba, Effraya
and Okunni) are within the acceptable standard of glass
making. SiO, form the major raw material in glass making
when compared to that of European Commission standard
[34]. This high SiO; content trend in all the samples
revealed that silica sand generally consists of high SiO;
content (quartz) which also agrees with works [1], [26].
Comparison of the observed mean values of SiO, , Fe;0s,
Ca0, Al;0s;, MgO and TiO, (Table II) in the silica sand
samples with their glass making standard using a population
t-test revealed the concentration of SiO2 were acceptable
while CaO, Al,O; and MgO was below the minimum
standard, while those of Fe,Oz; and TiO, were above the
minimum standard which imply that the entire silica sand
sample require further beneficiation to reduce the Fe;Os
content to a more acceptable standard level as stipulated by
the American ceramic society and the National Bureau of
standards [9; 15].

The concentration of Fe;O3 in any silica sand deposit
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determines the quality of glass to be produced. A slight
increase in Fe,O3 content gives the glass a green, yellow or
red color as a result should not exceed 0.005 %. This
coloration to a certain extent can be neutralized by the
addition of manganese resulting to a faint shade or purple
color [13], [12].

Comparison of the percentage concentration of SiO;
obtained in this study with those of other authors revealed
that although most of SiO, concentrations were below
minimum standard, they however fall within the range after
further beneficiation was undertaken, their SiO, content was
upgraded to the minimum standard. The results revealed that
the correlation between SiO, and Fe;Os; is strong but
positive (r=0.741) which implies that there is a direct
relationship between SiO2 and Fe.Os in the samples. Most
high-quality glass sand can exceed 99.5% SiO2 when
processed and would average close to the 99.80% level.
However, silica content in the sand is not the problem;
rather, it is that fraction which is not silica which include
clays and a host of minerals which contribute Iron,
Aluminum, Titanium, Calcium, Magnesium and various
trace constituents. Any constituent in the silica sand other
than silica is therefore considered as a contaminant,
principal of which is iron, aluminum, and titanium [6].

The results of concentration of iron oxide from the five
locations sampled (Agwagune, Ediba, Effraya and Okunni)
showed that the values obtained from all the locations are
too high when compared with the minimum standard for
glass making while that of potassium are too low (Table II).
Therefore, silica sands obtained from all the locations
(Agwagune, Ediba, Effraya and Okunni) cannot be used for
glass making directly without reduction of its Fe.Os3 and
addition of KO since both oxides are important for glass
production. K;O in glass making process bring about
transparency [19].

From Table I, the results of Na,O obtained from the five
locations showed that only the value obtained from
Agwagune (0.600) can be used to produce optical glass
when compared with the European Commission minimum
standard. While those obtained from Ediba, Effraya,
Ofumbogha and Okunni cannot be used to produce glass,
since their Na20 values are below the standard for glass
making [19]. Also the results of CaO from all the locations
can only be used in production of panel glass since their
values falls within the acceptable limit of 0.32. Calcium
oxide plays a crucial role in glass manufacturing process by
increasing the stability weathering properties and lowering
the viscosity of glass.

Al,O3 values from Table | were below the minimum
standard for glass making, therefore there is need to upgrade
the values to a more acceptable value for glass production.
Al,O3 when introduced in glass production stiffens the glass
melt and at the same time lower the coefficient of thermal
expansion resulting to high thermal shock resistance with
improve durability [14].

The results of the analysis from all the locations revealed
that MgO are within the acceptable limit for production of
panel glass and glass ceramic. MgO enhances stability of
glass and lowers the viscosity of the glass melt [29], [23].

All the results obtained cannot be used for the production
of glass because the values of TiO, and P.Os are below the
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minimum standard for glass making (Table 1). TiO; act as
colorant in the glass production [17]. Phosphorous peroxide
is added to glass in form of phosphoric acid, calcium
phosphate or boric ash to increase the transparency of the
glass product but it however reduces the mechanical
properties instead [27], [23].

The result showed that PbO obtained from all the
locations were below the minimum standard for glass
making, but the values obtained from all the locations were
above the minimum standard for the production of water
glass (Table I). Lead oxide (PbO) is introduced in to glass
batch as red lead (Pb3O4) or as litharge (PbO) which imparts
a perfect transparency, brightness and a high refractive
index to the glass thereby facilitating its clean cutting.
Studies have shown that lead oxide has the ability to refract
light transmitted through it more than any other glass
making material [19]. For BaO, the concentration according
to Table 1 is only good for production of optical glass. BaO
is introduced as barium carbonate in glass batch (BaCO3);
it increases the specific weight, refractive index and sonority
of glass [14].

The oxides such as Zinc Oxide (ZnO), Nikel Oxide
(NiO), Manganese Dioxide (MnQ) and Copper Oxide (CuO)
were also present in the samples collected. ZnO when
introduced in glass production make the glass to be
resistance to thermal shock improves it mechanical and
chemical properties Nikel oxide is strong absorber of light
and very expansive decoglurant. When MnO is introduced
in glass as the mineral pyrolusite, oxygen is evolved which
oxidized the ferrous silicate to ferric silicate; The
manganese (iii) oxide which first formed imparts a violet
coloration to the glass which is complementary to the yellow
hue of the ferric silicate and the mass therefore appears as
colorless, MnO is therefore a decoglurant in glass making
[23]. CuO is introduced as a colorant to shade of
red colors.

B. Acid demand values (ADV)

The mean values of the acid demand values (ADV) of the
silica sand samples are presented in Fig. 3. The result
revealed that the highest Acid Demand Value is obtained
from Effraya and the least is the one from Ediba. This result
is similar to those obtained by other researchers [24; 33].
The acid demand values measure the amount of alkaline
materials that should not be present in already processed
washed and classified silica sand. ADV range from 1 to a
maximum of 50, a low ADV (near zero) is an indication of
either no acid was consumed and so virtually no soluble
carbonates are present in the sample or low alkaline
materials in the samples while a high ADV is an indication
of nearly all acid added in the test was consumed or a high
soluble carbonate and salts that can be deleterious in the
application of the silica sand for glass making. This low
ADV may be attributed to the leaching and removal of
soluble carbonate minerals (primarily calcite) by downward
percolating oxidizing surface waters [28].

C. Loss on ignition and pH

The pH of the silica sand samples is presented in Fig. 4.
The mean results of the samples from the five locations
revealed the pH value to be 7.00. The pH of a given sample
gives the water soluble level of alkalinity or acidity of the
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silica sand [25]. A higher or lower pH values signify the
presence of acidic or basic oxide in given silica sand sample.
Sand with a pH close to neutral (7.00) is therefore the best
for glass making [8].
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