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ABSTRACT

Ceramic industries in Ghana depend on fritted
materials for the composition of carthenware
glazes. These materials which are imported are
very costly and not easy 10 come by.

Glass from broken bottles has beei ased as a
substitute_for frit for the composiion, of earthen-
ware glazes. :

Chemical analysis carried out into both the
green bonle and the brown botile indicated that
both could be used for the manufacture of ce-
ramic glaaes.

Keywords: Fril, glaze, reduciion, oxidation, cul-
let, crazes.

iNTRODUCTION

Production of ceramic wares demands the use of
glazes for the products such as tableware, low
tension and high-tension electrical insulators.

Apart from enhancing the aesthetic quality of
wares, the strength of glazed pieces is higher and
earthenware pieces and sanitary wares are easily
washed clean.

Glazes are not manufactured locally, they are im-

'ported into the country for use by ceramic indus-
tries. The demand for foreign exchange in this
direction has brought about scarcity of glazes in
the market because of the high cost of glazes and
glaze materials.

Earthenware glazes are composed of mainly bo-
rax frit and lead bisilicate frit but ceramic indus-
\ries in Ghana have not developed to the stage
‘where fritting of materials has been undertaken
or introduced into pottery production. Studio frit-

ting which involves the heatmg with oil or gas
burner or wood of materials in a crucible to
around 1130°C to 1200°C has not started. Both
the borax frit and lead bisilicate frit are im-
ported into the country, and 25kg of frit now
sells at between £75.38 and £118.95 in the
United Kingdom.

Presently in Ghana, many people have set up
small scale pottery and ceramic. industries. for_
the manufacture of a variety of pmdum

. from tableware to. insulators for low tenswn_
~ wires. And. as a result of the Ghana govern-

ment’s  drive to pnomute self-employment
among school leavers, there is also a blg rush to
set up small scale pottery and ceramic indus-
tries. s

Any local substitute for frit which is easﬂy'
available and affordable will help sustain the.
small scale manufacturer and thereby boost pro-
duction.

The purpose of this studys to find a local sub-
stitute for frit which is equdly good and can be
used safely and cheaply for the cmnpos:tlon of
earthenware glazes. .

Glass has from very early times been used for
various kinds of vessels, and in ail countries
where the industry has been devﬂ!opeﬁ there has
been produced a great variety of forms and
kinds of decoration, much of it of great beauty.

Early Glass
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lt is not ca'tam in which of the riverine civilisa-
tions of the ancient near east glass was first
made. The earliest wholly glass objects from
Egyp‘t were beads dating from after 2500 BC.
‘Possibly earlier than these was a green glass rod
found at Eshnunna in Babylonia that may go
back as early as 2600 BC (4).

Some authorities claim that the first glazes date
back as early as the 12,000 BC. There were
glazed paste beads made in Egypt. The Egyp-
tians discovered glass where sand impregnated
with salt, had been fused by a fire. Certainly by
3,000 BC, the Egyptians were using glazes on
some of their pottery. These glazes were alkaline
copper glazes which were used effectively as
decorative coverings. Later in South-West Asia,

azes were used to give extra strength and dura-
bility to bricks, wall tiles and pottery.[1]

Glass made from silica, the silicates or analogous

: glass forming compounds, boric oxide, phospho-
ric oxide, etc. possesses physical properties in
the rigid state which are continuous with those in
‘the fluid state; in other words, glass is a super-
cooled or under-cooled melt or solution. Its vis-
cosity which is one of its characteristic and most
important properties, varies from that of a thin
fluid at a high temperature of 1300°C and above
to a rigid condition at room temperature. This
property permits the shaping of the mass to form
wares and also the removal of stains, which oth-
erwise might be disruptive. [2]

Glazes are super cooled liquids formed by vitre-
Gus substances of high viscosity at ordinary tem-
peratures. Silica and boric oxide are the most im-
portant glass forming materials.

They produce a covering for ceramic bodies
which enhance the beauty of the product A
glaze could be glossy which is highly reflecting
or matt which give cool and stable appearance

The glaze is first attached to the pottery body in
the form of a layer of powder. This powder is
composed of glass-forming materials, fluxes and
stabilisers. During the firing they all fuse to-

gether to form a compnct layer of molten mate-
rials. On cooling, this layer does not separate
into former constituents but remain as the new
material, glass.

Fritting is the melting of two or more glaze con-
stituents to form a new substance, which is -
cooled. broken up and ground to a powdered
state. Before being fritted, some of these materi-
als are soluble in water and, therefore, unsatis-
factory for use in glazes: -other materials such as

Table 1 Frit and Glaze Recipes

First Recipe (F ﬂt) | Second Rac.tpe (Glaze)
Litharge 50% |Lead frit80%
Flim-_3d% {c hma c!ay 20%

China clay 20%

raw lead are poisonous and are made safe for
use by fritting. [3] it

Earthenware glazes are mainly prepared with
frit. In a simple recipe containing litharge, flint
and china clay, the litharge and flint could be

melted together to form a lead frit and the glaze

would chemically remain the same. (Table 1).

The reasons for using the second recipe will be
the non-toxicity of the lead glaze. the absence
of silica dust (silicosis hazard) and the probable
advantage of a glaze that was easier to fire with-
out blistering [1]

Fritting has advantages of rendering soluble
materials insoluble, injurious substances harm-
less, making some minerals less volatile and
giving better glaze fusion. The quality of stiff
glazes could be improved by fritting part of
glaze materials. Special colour stains can be -
prepared by heavy reduction. Materials which,
by nature’ give trouble when incorporated in
glaze recipe are fritted.

Borax frit may be prepared with boric oxide:
which is naturally soluble. Part af the clay is in-
corporated into the frit batch since excess of
raw clay in a glaze causes shrinkage cracks and
peeling. Zinc .oxide, which make friable, glazes.

72 . m

Jourmal of the Kwame Nkramah Universiny of Scienveand Technolog

v, Kaomasi. dieme 20 Ny 1. 2 & 3 - 2000




Use af discarded broken bottles as substitute for frit

Boam:g

are all fritted together. Glazes are described as |

~under-cooled or super-cooled solutionis as the
glass. They are glass in their physical and
chemical nature, hard, slightly or completely
insoluble except in strong acids or bases, imper-
‘meable to gases and liquids.[2]

The glaze provides a hygienic covering on pot-
tery because it is smoother than the body it cov-
ers and it is non-porous. It is also decorative
providing colour, shine and textural contrast
with the body; and it increases the strength of
the ware by the creation of a body-glaze layer.

Common bottle or window glass which is
.crushed to suitable finess is known as cullet and
has approximate composition 0.5 NaO 0.5
Ca0 SiO;

-

It is a raw material which has been found useful
as well as cheaper but it is a frit having suffi-
cient water solubility to cause trouble in the mill
or storage tank, if left undisturbed for a few
hours by settling to form a rather dense cement.
This fault may be avoided by the correction of
excessive alkalinity through the addition of the
necessary amount of acid.[2]

The compositions of the different types of
glasses differ importantly according to the prod-
uct, or, more particularly, the process employed
in making the ware. Modern glass batches are
subject to very careful chemical control in order
to ensure that the physical properties of the mol-
ten mass are precisely suitable to the automatic
forming process so commonly used.[2]

A coloured soda—lime glass with a clear grey
tint and with a shade varying between greenish
and bluish contains the elements iron, cobalt
and selenium as colouring agents in the weight

proportion: Fe:0: (0.25-0.60%) Co (0.0010-

0.0040%) and Se (0.0005-0.0030%). The glass
is characterised by an excitation purity -of less
than 6% and a selectivity of more than 1.1, This
glass 1s particularly suitable for automobile
wind screen and front side windows 5]

Mixed alkaline earth boroaluminate glasses
comprising BaQ combined with at least one of
Ca0, SO and MgO are useful as frit binders in
AIN-Compatible, thick film paste composi-

tions. They are used in the thick ~ film printing
of hybrid microelectronic circuigs on AIN sub-
strates,[5]

METHODOLOGY
Raw Materials

These were usually discarded by the breweries.
The materials used were glass from broken bot-
tles and Wenchi clay. The brown glass was
mainly from Gulder and Guinness while the
green bottle was from Star and Club. The
Wenchi clay was dug and collected ussag pu:k-
axes and shovels respectively.

Raw Mnteriﬂs ?repprﬂio*n ;

The machines and equipment used in the proc-
essing of the broken bottles and clay are Jaw
Crusher, Disc Grinder, Ball Mill, Sieve, Scales,
Storage jars, Blunger, Filter press and dryers.

‘Processing of Materials
Wenchi Clay

It was crushed when dry, blunged, sieved
through 200 mesh, filter pressed, dried, crushed
again, and ground and stored. .

Broken Bottles

They were crushed ground, ball milled until
very fine The fine powder was slevad tbfough
200 mesh and stox‘ecl

Presently bead mnkers use AFom mmm and iron

pestles to poum‘ the glass to fine powder. Ce-
ramists can do the samie and improve upon such

a process since the powdered glass for glaze

~ production shou}d beﬁxfemhan that for beads.

Care should be taken during processma so that
glass dust should not be inhaled since glass-con-
tains very high proportion of 8iO, and silica:is
the cause of silicosis.

DISCUSSION AND CONCLUSION

The glaze formulated with the brown bottle
glass and the clay alone came out beautifully
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A glaze with firing temperature of 1150°C was formulated with 20% Wenchi gJay and

80%

brown bottle glass and oxides introduced in the glaze is as follows:

Table 6: Calculation of Molecular Formula

Mﬂ‘;“ ‘3’: b‘;'v";,'t 2ol Yield of oxides in Glaze (Molecular Parts)
tion
[F.Y] ®) ®B/A) |[KO0 |[Ne;O0 [MgO [CaO |[MnO _AI:G‘M'SIO: TIO,
Wenchi R o : '
Clay |4492 |20 004 |o0es |oec0 |ooos [ooe0 - feos jeem fjeise [eoe
Brown

2654 |0 |3 loems Jeim Jeer [eese leows joeis |eesm JeosT | -

ooos {0177 |osse [eese loess |oess joeze [1147 |ese

Chemical formula for glaze formulated is as follows
TR S

0.58Na;0 ) OI9ALG: ) 371 S0
010Mg0 )} O006Fe0s }

0.29 CaO -

A second glaze was composed with 10% Wenchi clay and 90% Green Bottle and the oxides in
troduced into the glaze is as follows:- ,

Table 7: Calculation of Molecular Fermula

Mate- | Mol - | Parts | Mol
rials wt | by We | Fract M_-dumua—amm

w |® |ew |ko |vo |mo |0 |0 |aLO, jReo, {80 MO
Wenchi : ; e = : : !
Clay . [4492 1 . |0 0000 (0000 [O.002 |0.000 - 06820 j0.001 [0.095 i .
Brown o e ; L
Bottle 2371 |20 038 0084 |0.213 |5.087 . ooz looos joois jom9 |0.072
0007 10213 leesy |ee72 (0004 (0035 (W0 1167 [T} '
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A glaze with firing temperature of 1150°C was formulated with 20% Wenchi clay and 80%
brown bottle glass and oxides introduced in the glaze is as follows:

Table 6: Calculation of Molecular Formula

-M,",“' Mol. Purts M. Yield of oxides in Glaze (Molecular Parts)
_ pials Wi by Wt | Frac-
tion

(A) (B) (B/A) | KO Na;O |MgO | CaO MnO  [ALO: |Fe0y | 810, Ti Oy

Wenchi 7 ' P ]
Clay 4492 20 [TRYR] (s 0 003 0.008) jod loou 0190 10,002
Brown S : S

Bottle | 2654 g0 03 (.03 0177 0.027 10.090 £.003 0013 0018 0957 |

0008 n_;'?‘-? .30 0.0 o003 Juoss fop20 11147 To.002

Chemical formula for glaze formulated is as follows
0.03 K>0 : '

(.58 Na,O ; 0.19 A1:05 5. 3.7 510,
0.10 MgO ; 0.06 FL‘:O} }

.29 CaO

A second glaze was composed with 10% Wenchi clay and 90% Green Bottle and the axides in-
troduced into the glaze is as follows:- e

Table 7: Calculation of Molecular Formula

Mute- Mol. Purts Mol : ; : : .
rals Wit by Wt. | Fract Yield of oxides in Glaze (Moieeul:ur Parts)

X (A (B) (B/a) [K:0  |Na:0 MO  [CaO  [MnO | AL FelOy  |810; TiO;

Weneh - G s
Clay 4442 o 002 (RTTRI AVRETY CR HOHET R HORY V) 0020 ool o095 000
Brown

Bottle 2371 o0 .38 (TR (1213 0087 0072 [TRE ] 0013 0019 0.072

o7 fo 213 o8y foo7 oood (0035 0020 1.167  0.001
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Chemical formula for the glaze formulated is as
follows:

0.02 K,O }

0.55 Na,0 } 0.09 A1,0, } 3.03 Si0,
0.19Ca0 0.05 Fe;0; }

823 MgO )

0.0l MnO }

EXPERIMENTS AND RESULTS

A summary of results is as follows:

Table 8: Glaze Recipe

Glaze BB] Temperature 1150°C
Wenchi Clay 20
Brown Bottle 80

The above glaze was applied on Fomena clay ware

which is brown in colour. It came out smooth, glossy
and semi transparent. This beautiful brown glaze is
ideal for glazing traditional fufir bowls

Table 9: Glaze Recipe

Glaze BB2 Temperature 1150°C
Wenchi Clay 20
Brown Bottle 80
Cobalt 3

A colour was introduced into glaze BB1 and the
result was smooth, black glossy opaque glaze.
This glaze also appears nicely on traditional
fufu bowls.

Table 10: Glaze Recipe

Glaze GB1 Temperature 115_0‘:’(_“._
Wenchi Clay 10
Green Bottle 920

The glaze matured where it was applied light
but bubbled where it was applied thick. The
bubbles are easily crushed with finger nails. '

Table 11: Glaze Recipe

Glaze GB1 Temperature 1150°C |
Wenchi Bottle 10

Green Bottle 90

Copper Carbonate i 4

It is a smooth. glossy green glaze

without any problem. When cobalt oxide was
introduced into the glaze a very beautiful black
glossy glaze was achieved.

The glaze formulated with the green bottle glass
and the clay alone did not mature properly at.
1150°C, but when copper carbonate was intro-
duced into it, it fluxed beautifully.

The introduction of other oxides such as manga-'

. nese, titanium, ferric, tin, antimony etc. in both

glazes helped in getting a variety of colours
such as honey brown, orange, metallic black,
yellowish green, ash, and other light colours.

These have self-colour when suspended in a
glaze or give colour when in solution in glaze.

The solution colour is the colour of the oxide

and silica combination and is a dependable re-

sult. For example cobalt oxide gives blue and

copper oxides gives green. Some colours may

be achieved due to the influence of other mate-’
rials such as lead oxide and zinc oxide which
have been introduced into the glaze.

These colouring oxides help bring down matur-
ing temperature of glazes apart from introduc-'
ing colour: Antimony oxide performs two func- '
tions in glazes as an opacifier and as colouring
agent. When used on its own, it is not capable

of yielding any colour in the melt but it gives

yellow in the presence of lead or iron oxide.
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Titanium oxide is also used as an opacifier be-
cause of its low solubility in a melt. It is added to
the glaze to influence its colour by producing
opacity to the colour.

Tin oxide in a glaze is an opacifier. It is very im-
portant and desirable in colours for underglaze
and overglaze decoration.

The results obtained so far indicate that only few

~ materials are needed for the formulation of very

good glazes, namely glass, clay and colouring
oxides and opacitier.

Ceramists will be able to manufacture their own
glazes with between 90 and 100 percent materi-
als from local sources. S

Broken bottles are abundant locally. Entrepre-

neurs need crushers, grinding machines and ball
mills to process these broken bottles.

Fritting demands the use of foreign materials
such as B-O;, Pb:0, and other machines and
equipment, and expertise which can be avoided
altogether when wlass is processed for use.

‘Although the glass itself is a glaze it has to be

adjusted to suit the body on which it is applied,
as glaze-body-fit is very important.

Addition of flinr is necessary where crazes are
observed. Clay helps to suspend glaze particles
and keep them from settling. 1t also increases the
alumina content in the glaze, which prevents the
plaze from running.

‘Manufactures should try to process the glass to-a
very fine particle size of about 200 mesh sieve in

order to expose the particles to a large' surface
area to help quick solid solution. - i

With the introduction of glazes made from bot-
tle glass, ceramists should be able to. produce
their wares at cheaper cost in order to compete
with foreign goods which have flooded the mar-
ket.
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