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ABSTRACT
Results of chemical analysis of some sands in the arid zone of North Eastern Nigeria have shown that the

sands are suitable rev maierials for the gloss industry. The major glass forming oxide which is siiice, has
been determined to be high, ranging from 74 1394%. In particular, samples three (Dapchi) and five (Ngala)
are suitable for all glass making. The extent of substitution of anmonia group, (R;0y for the retal oxides
was detérmined in percentages for all the samples. It was found to be a function of the percentage
composition of silica. The deleterious heavy metals were not detected, a fact which also makes the sample
suitable for glass making. The percentage of oxide of iron (Fe;0y is relatively high in these samples
ranging betweenl.20% and 1.59% thus making them viable for colour and amber glasses.

INTRODUCTION

The Glass industry is very important in ay country which is aspiring to be techriologically advanced. Glass
is usefulin the building sector, reseerch laboratories, house holds, manufacturing industries and many cther
sectors. ’

In*Nigeria the government has been spending substantial ameunts of hard-eamed foreign currencies to
import glasses int6 the country. This is because there are very few glass industries in the country, which
cannot cope with the demand for glasses. The raw magerials to be used in'producing glasses can be found in
many pans of the country, however much has not be ‘done to source for these materisls,

For most commezrcial glass families silica sand, is the main material, but to obtain melting economy and
flexibility of properties, additions of other substances are made, particularly of oxides {1]. Most commerciul
sand for glass making are obiained from river beds in which organic materials and other impuritics have
been separated. Desert sand can also be used for glass making but it has to be washed before melting in the
furnace. This is io separate the pure silica sand from organic materials and other impurities [2].

However, glass is essentially an amorplious solid made by fusing silica (silica dioxide) with basic oxides
which have been cooled to a hard condition without crystallization [3]. The camposition of these oxides in
glass making is of prime interest to the glass technologist or enginger.

1t is therefore of interest to study the chemical compositions of raw materials for the glass industry, most
importandy the percentages of silica contents as thuse are the main ingredients for glass making, Other
oxides such as iron oxide (Fe:03), aluminum oxide (ALOs), calcium oxide (CaQ), sodium oxide (Na.0)
also, have to be studied to know their suitability for glass making. -
it is well known that commercial glasses are based on varying percentage of silica in structures [4). These are
made of the same SiO4 tetrahedra on which the crystalline silicates are based (Figure 1), but these are less
orderad. In such glasses, the tetrahedra link at the comers to give a random (rather than a periodic) network.
Pure silica forms a glass with 2 high softening temperature (about 1260°C). Its srength and stability, coupled
with its low thermal expansion, make it useful for special applications, but it is hard to work with because its
viscosity is high [4). This problem is overcome in commercial glasses by introducing network modifiers to
reduce the viscosity. They are metal Oxjdes;gsdal J NayO and Ca0, which add positive jons to the structure,
and break up the network (see Fig. 1c). A‘l‘ldmg one molecule of Na;O, for instance, introduces two Na i ions,
.eachiof which attaches to an oxygen of a tetrahedron, making it nen-bridging. This reduction in cross-linking
softens the glass, reducing its glass temperature, Tg (the temperature at which the viscosity reaches such a
hwh value that the glass is a solid [4]).

Glass Modifiers

.
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eventual use, as shown in Table
properties to the glass product [5)

Different modifiers are used to produce different rype:
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s of glass with special characteristics required for their

1.. Modifiers in.!his case are oxides which enhance or impart other desired
. it has been estimated that there are over 50,000 glass formulaz {6].

. — TEIBLE 7: :!‘Iel‘ﬂlva.\'illes and their functions In glass makine
] [ﬁoperty rec]uix;g ) Chemical Formula :
;. 1 Green colour Iron (I11) oxide Fe,0;
| Blue/Green colour . Copper (II) oxide w0
Red colour. Copper (I) oxide Cu:0
Orague white colour | Tih (I oxide Sn0;
Pl'xrple colour Manganese (1) oxide M0z
Biue colour Cobalt (11} oxide CoO
Darl\: brown colour Titanium (I1) oxide 1 TiO,
Fluxfrfg'agent Sodium (11) oxide. ) Na,O
St.ablhzmg agent Calejum (I1) oxide Ca0
High refractive Index Lead (H) oxide PbO
Low thermal expansion
Improve mechanical
strength Boron (I1f) oxide B.0O;
_ Aluminivm (1H) oxide ALO;

Oxides are zdded to the batch formula 1o revide different col d uni g : j
applivation (1 p T ours and unigue propeme:s for particular

Chjectives

Thde aims of [‘nzs wor}:, are fo study the chernical composition of sands from the arid zone of North-Eastemn
and to L.";o‘:-." t.:e‘::mtabzhty of using them in glass industry. This would entail the determinaticn of the
percentaze (chernical) composition of sand samples taken from the area.

Materials and Methods ‘
T'hc iand samples {i.&'fd in this woik were collected at the river banks of Kopchi, Biu, Dapchi, Gwoza and
Ngala towns (see figures 2 and 3). The sand samples were first ¢leancd, coned and quartered to obtain the | ..
representative fractions. Coneing end quartering mean 1o ppur the sample on a flat surface so as to form a
conz. A straight edge was used to separate the cone into four quarters. Then the two alternate quarters were
mixed to form another cone. This process continues until the desired sample size is obtained according ;o
Cfrver, [7]. The representative fractions of each sample were later crushed and ground separately to prodauce
l_(? mesh (B.S). These were used in carrying out the chemical analysis to determine the percentages by
weight of SiO» and other oxides of the:sand samples. e
Laboratory Procédure - .

The procedures tc obtain the silica content (Si02) and some of the oxides of the samples are described

below,
-

Qne gran:l of each c.rushed sand sample was weighed and mixed with anhydrous sodium carbonate (NazCOs)
in a platinum crucible. The addition of Na;CO; to the samples was to act as a catalyst during ﬁjssafb”fxing
process. The samples were burnt in a muffler furnace for one hour at 1000°C. Each of the samples became
solid in the crucible after cooling. ’ iy

Df!ute hydrochloric acid (30%, 10 mi HCI) was latter poured into each of the sample crucible and the
mixtures were left over night. The samples were dried using ultra-violet drier. The essence of drying the
samp.les was to dehydrate silica and test for dryness. This was achieved by dipping glass rod in amrr?onia’
solution and bringing it over each of the samples until no fume was observed overcfhe samples. HCI 50%,
50% water were added to the dry samples and warmed for ‘th{ee‘_ hours at a constant temperature oi‘ 50°C. -
The :wn:lp.le iclu!ions were separated by filtering through ashlsss 541 filter papers into 150 m} clean béaker
The individyat filtrates wereyellow in colour while the;esid'u:cs were white in colour. .

.. - Y
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The residues on the filter papér-made up of silica content and were put in the oven to dry for 12 hours. The

solutions were kept separately for further tests.

{ fogansss
Five silica crucibles were weighed and numbered according to the town where the samples were co}lectediz fﬁ
i.c. 1,2,3 up to 5. 'Then each of the dried filter paper was placed in the crucibles according to their number S
and burnt in a-furnace at 1000°C. These were later weighed after cooling. i %

Test for Percentage of Calcium (1) Oxide CaO) )
The filtrates (150 ml) obtained during silica content test, were heated to evaporation until they were each

reduced to about 100ml. To these solutions, Sml of ammonium hydroxide was added. The solutions were
filtered sep ly through ashless 542 filter paper in a 100 m! volumetric flask. Distilled water was added to
the sample solution to the mark. Tifén 10 m! sample solutions were pipetted into three difterent beakers ﬁ'f)m
each sample. Then to each of the samples 40 mi of distilied water, 10 m] of potassium hydroxide solution
and 3 m! of ammonium chloride were added one afier the other. 3 drops of KCN (Potassium cyanide) were
added. Then the solutions were titrated with 8.1M (Ethylene diamine tetra acetic acid solution) EDTA.

Preparation of Ammonia Group Solution (R:03) ] .
Iron oxide, manganese oxide, titanium oxide, phosphorus oxide and aluminium oxids were determined using

the following solution. The ashless 542 filter paper containing the ammonia group substituting for the oxide
from testing for the,percentage of calcium oxide (Ca0) were kept in an oven for drying. It was later removed

- -from the oven and placed ir a platinum crucible. The samples were burt in a muffie fumace to about

1000°C dnd were later weighed after cooling them in a desiceator,

Potassium pyrosulphate crystals were added to the sar::p!e and burnt on a silica wiangle uniil all the
pyrosulphate was melted. The heating continued for an hour. The crucibles were ransferred into a 150 m!
beaker and to each of the samples after cooling 5 m! of HC! solution was added whick w=re placed on a hot
plate to dissolve the fused cake. The sample solutions were transferred into 100 ml volumetric flask and
distilied water was added to make up to the mark with constant shaking. These sclutions are the R»O; group

solutions. T

Three different 10 m! solutions of R:0; were pipented from each sample and rua through silver reductor in
three separate 250 ml conical flasks. The silver reductor was washed with 150 m! portion of 0.3 dilute HCI

after pouring and running of each sample.

To each of the filtered solutions from ammonium group solution 20m! af HaO; was added, and titrated
against 0. IN potassium dichromat using Barivm chloride indicator.
~

Test for percentage Aluminum (1) oxide (ALO;):
The ammonia group of oxides (R,O; solutions) prepared consists of Fe:05, MnO, TiO; P20s and ALO;.

After determining the other, oxides the Aluminum oxide would be ALO;. R;0;. (Fe;0; + MnO + TiO; + Py .

0s). -

Flame test for percentage of sodium and potassium oxides (N;O and K;0O):
For sodium, persistent golden yellow flame, invisible through blue glass was obscrved and for potassium,
lilac flame this was visible through blue glass. The percentages were measured by using photometer.

Loss on Ignition at 1000°C Test
This is called the fusion loss and is the difference between 100% and percentage oxides in (chemical
composition of the sand). According to Leford [3], the ignition loss is I, = 100-0,, where O, is the total
percentage of oxides in the sand.

%

Results and Discussion
Tables 2 to 12 show the results of the chemical analysis dzscribed above. In order to comment sensibly on

the suitability of the sands studied as raw materials for the glass industry, one needs to know the
characteristics of different types, ;;glasses and then cornpare with the ones obtained in this study.

Comparing the results of th g chemical compositivas obtained in the five sand samples with the
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standard chemical compositions for the various types of glasses shown in table 13 one can say, that the
percentage of silica contents of the samples obtained are adequate for glass making. The percentages
obtained in samples one and four (see Table 2} are suitable for borosilicate glasses which require about 81%
by weight 6Fsilica for glassmaking. The percentage silica content in sample two is sufficient for soda lime

glasses and lead: glasses. The standard percentage needed for such type of glasses ranges berween 70 and -

75% by weight of

-However, samples thrée and five contain’much higher percentage of silica, thus they are the most efficient

- glass formers.

They can be used for colourless and window glasses where the percentage needed lies between 92 and 95%
~by weigh: of silica, [8]. .

Looking at the percentage by weight of CaO and MgO obtained in the samples shown in (Tables 3 and 4)
they are very low for glass making when compared with standard compositions needed. Higher percentages
up to 4 to 5% are needed for masafacturing of soda lime and lead glasses ar even more for fiber and alumino
silicate glasses.

Although, the percentages of Ca0 and MgO are adequate for window and colourless glasses in which they
require about 0.3% by weight. Hence, these percentages can be increased to a convenient percentage needed
by the glass technologist or engineer, depending on the standard percentage needed and the type of glass to
be manufactured.

The percentage by weight oi’ th: ammenia group of exides (R20;3) determines the percentage composition of
these oxides. The results as shown in Table 5 are a function of percentage composition of silica present in
each sample. The higher the percentage by weight of silica in the sample the lower would be the percentage
composition of the R.0;.

This reflects in samples three and five in which the percentage silica contents are 93.67 and 92.46% by
weight while the percentage RO; are 3.62 and 4.24% by weight respectively.

The perceniage by weight of Iron oxide obiained in samples three, four and five as shown in Table 6 are
used in making coloured and amber glasses. The percentage needed for such types of glasses ranges benween
2 and 3% by weight [38]. Hawever, the percentage obtained in samples one and two are much higher. It is
therefore not desirable for glass making. )

The small amount of manganese oxide, titanium oxide and phosphorous oxides found, in the samples, would
not have any ‘effect in glass formulation (see Tables 7-9). Infact, higher percentage of these oxides are

needed for glass formation. For instance, as much as, 4.8% by weight of titanium oxide is needed in glass

ceramic formulation as stated by Bever [9] and as fow a5 0.1 for window and colourless glasses [8]. they are,
therefore, viable for glass making, only that the percentages can be increased to reach the standard
requirements needed for a special and desired glass. .

The percentage compositions of aluminum oxide for samples one, three and five are sdequate for soda lime,
borosilicate and colourless glasses. Even though, samplé three appeared to have™ fittle bit higher amount.
This would not have much effect on the glass, this is because the higher percentage adds to the chemical
durability of the glass and hence improves the mechanical strength of the glass [S]. However, in samples two
and four their percentage compositions are higher. These samples can be used for alumino silicate, fiber, and
ceramic glasses. This is because the glasses of such type require 12-17% by weight of aluminum oxides.

The percentage compasitions of sodium and potassium oxides obtained in the samples are shown in (Table
11) which are considerably low when compared with the standard percentage needed for various glass

formulation.

Glasses such as borosilicate, lead, fiber and to some extent alumino silicate glasses require about 2-9% by
weight of Na:O and KO depending on the type of glass to be manufactured. According to Chanda [10], up

increased f@ reach the standard percentage nceded.

eight of NayO is needed for soda lime glasses. However, the percentage can therefore be' -

n of raw material Joss in the melting process which inv
eing the major volatile substances. The results of she'se W
on the glass, because these are negligible

The loss on ignition is the'|
vapour, such as CO: and 503
the melting process would not have much effect

he Arid Zone of North-Eastern Nigeria can be used in
major glass forming oxide which is silica has been fieterm'med to be high !xtwe;n ;1\4 .an:« J
only samples three (Dapehi) and five (Ngala) are suitable for- alt g!ﬁsS making. The high p
oxide content, would not have any effect on the glasses, it is advisable lo. use these sa ;
glasses and amber glasses. In the chemical analysis, the deleterious heavy mmemls'._ were ;\u
also make the samples suitable for glass making, It is recommended that glass makmg.ut L
the Arid Zone area of North-Eastern Nigeria to make use of the abundant sand for difiere

Conclusion
The results show that sand from i

Table 14 lists out the types of glasses which each sample is suitable for. -
24
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Tuble 2: PERCENTAGE OF SILICA COMPOSITION (Si0-) BY WEIGHT.
SiNo. | TOWN WEIGHT OF _ | WEIGHT OF SILICA | %Si0y=(Ma-he)xi0y
SILICA, CRUCIBLE AND
’ CRUCIBLE Mc | SAMPLE Ma(g)
()
1 Kopehi 12.01021 12,8933
2 Biu 12.1300 12.9701
3. | Dapehi £12.0313 12.9682
4 Gwoza 21332 12.9393 L
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3No. [.TOWN WEIGHT OF WEIGHT OF SILICA %Si0=(Ma-Mc)x100
, SILICA CRUCIBLE AND
i CRUCIBLEMc | SAMPLE Ma(g)
£ R (8) gt
Ngala 12.0504 ¢ 12.9750 92.46
Y4BLE 3: PE, RCfo4 GE OF CAiCIU;W OXIDE COMPOSITION (CaQ) BY WEIGHT
TOWN COMPOSITION BY WEIGHT AVERAGE % COMPOSITION BY
WEIGHT
i 2 3
! Kopchi 1.14 R RK] 1.09 1.12
2 Biu 292 294 293 = 2.94
3 Dapchi 0.56 0.57 0.54 0.56
4 Gwoza 1.13 1.4 1.10 1.12
5 Ngala L13 112 L1 112
TABLE 4: PERCENTAGE OF MAGNESIUM OXIDE COMPOSITION (A120) BY WEIGHT
SN TOWN COMPOSITION BY WEIGHT AVERAGE % COMPOSITION BY |
WEIGHT
1 2 3
1 Kopchi 0.41 0.42 0.37 0.40
1 2 Biu 0.93 0.89 0.89 .90
3 Dapchi 0.22 020 “0.19 0.20
i 4 Gwoza ND ND ND ND
PS5 Ngala 0.40 0.3¢ 041 0.40
. Talde 3: PERCENTAGE QF AMMONILA GROUP OF OXIDES (B0 BY WEIGHT
SiNo. TOWN WEIGHT OF WEIGHT OF PLATINUM | R.C:=(Mp-Mb)
PLATINUM CRUCIBLE AND
CRUCIBLE Mb(G) | SAMPLE Mp(g)
i Kopehi 14367 26.287 11.92
2 Biu 14.125 32.665 18.54
3 Dapchi 14.519 18.139 3.62
4 Gwoza 14.298 28.346 14.05
5 Ngala 14.455 18.695 4.24
TABLE 6: PERCENTAGE OF IRON OXIDE COMPOSITION (Fe 03} BY WEIGHT .
S/N TOWN % COMPOSITION BY WEIGHT. AVERAGE % COMPOSITION BY
» WEIGHT ’
1 2 3
1 Kopchi o 3.99 4.0 3.98 3.99.
2 Biu : 4.30 4.78 4.79 4.79
3 Dapchi 1.59 1.60 1.57 1.59
4 Gwoza 0.85 0.73 0.81 0.80
5 Ngala 1.24 1.18 1.19 1.20
N Pazs 50 ‘,.};""‘ .

TABLE 7: PERCENTAGE 2 (ANGANESE OXIDE COMPOSITION (MnO) BY. WEIGHT
: o AVERAGE % COMPOSITION BY
SN | TOWN COMPUSITION BY WEIGHT ¢ COMPC
1 2 3
- =
1 | Kopehi 0.02 0.25 023 g.;:
2 | Biu 026 025 032133 023
3 Dapchi ND ND 1\7 Iy
4 Gwoza 0.19 0.20 02 ‘l’ P
5 Ngala 0.02 0.0} 0.02 X
TABLE 8: PERCENTAGE OF TITANIUM OXIDE COMPOSITION {TiG) BY WEIGHT
TTON ' AVERAGE % COMPOSITION BY
sN | TOWN COMPOSETTON BY WEIGHT : COMEC
1. 2 3
1| Kopehi 0.02 0.03 0.04 g.gi
% | B 0.02 0.009 0.01 00!
5 | Dapchi 0.01 0.01 0.02 ot
4 .| Gwozz 0.009 0.02 0.01 oot
5 | Neale 0.01 0.008 0.02 _ o
. R
74BLE 9: PERCENTAGE OF PHOSPHOROLS OXIDE COMFOSITION (P:0<) B} WWEIGHT
. / AVERAGE % COMPOSITION
s | TOWN % COMPOSITION BY WEIGHT E T Coutne
: 1 2 3 .
L ' A 7 02 0.01
Copch 0.01 0.007 0.02 1
- ;?upc ‘ 0.03 0.02 003 er%
3 | Dapehi ND ND WD 1:10
4 I Gwoza ND Nl'{ ND o
5 | Ngale .02 0.05 0.01 ;
TABLE 10; PERCENTAGE OF ALUMINIUM OXIDE COMPOSITION (A1:0:3 BY WEIGHT
N | WEIGHT OF
v % BY WEIGHT OF % BY WEIGHT OF C
SN TOWN ’ RaOs (FC:O]'*‘MnO“'TiO:‘I'P:Os) AL, O
' 5 367 L+
1 | Kopehi 1192 87}3 JJ o -
2 | Biu 18.54 5.6; 340
3 Dapchi 3.64 1.9:/ - aos
4 Gwoza 14.05 0. 7 596
5 Ngala 4.24 1.25 2.
TABLE 11: PERCENTAGE OF COMPOSITION OF N0:0 AND K0
s | Sgow¥ % COMPOSITION OF N2:0 % COMPOSITION OF K:0
» 0.60
i Kopehi 0.60 ne
2 .| Biu 0.60 o
3 Dapchi 0.45_ 0%
4 Gwoza 0.7? 0e0
5 | Ngala 045 .3

.
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TABLE 12: PERCENTAGE IGNITION LOSS

S/N TOWN % COMPOSITION OF TOTAL OXIDES Or 100-Or
i 98.98 1.02
.2 . 97.43 257
) 99.00 1.00
4 98.97 1.03
5 99.17 0.83
TABLE 13: MAIN TYPES OF GLASSES
No, Types of Glass Main Features )
1. Soda lime glass 70% SiO2, 15% Na;Os, 10% CaO+MgO) and 5% other
oxide [9].
2. Fusedsilicaglass 99.6 10 99.% Si0;, without modifiers, very viscous and
' supplied as Lumps {10].
3. Borosilicate glass Soda lime glass in which other basic oxides are
substituted by boron oxide and aluminium oxide [2].
14 96% silica glass 06% SiO; produced from sodium boron silicate glass
. containing 75% SiO3, 20% B10; and 5% Na,0 [10]).
5. CGlass Ceramics 68.5 t0 79.3% Si0s 1.1%; 1.2% ALG; low thermal-
expansion glasses [9]. }
6. Glass Fiber 52 to 65% Si0s, 12 to 16% ALQO; 1610 253% a0,
Drawn into fine filaments [2, 3, 9].
[
TABLE 14 SUITABILITY OF SANDS STUDIED FOR THE CLASS INDUSTRY
H .
I SNo. - Sample Town Types of Glass that can be made from it
i Kopchi Borosilicate
{ 2 Biu Soda lime and lead
! 3 Dapcii Colourless and Window
4 Gwoza '} Borosilicate
l 3 Ngala Colourless and window.
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MAP OF YOBE STATE SHOWING STUDY AREA
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Figs. 2 ang 3 showing the study towis
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