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ABSTRACT

Zauro, Tukur Dikko Muhammed, Formulation of a
Whitebody from selected Ceramic raw materials from
Sokoto and Kwara States suitable for casting
Tableware, M.A. Thesis in Industrial Design,
Ahmadu Bello University, Zaria, 1988, 12 Tables,

4 Figures, 11 Plates and 32 references.

The problem with which this study is concerned
Is to identify suitable materials from Sokoto and
Kwara States for the formulation of a whitebody.

The purposes of the study are:-

1. To identify through experiments the
selected ceramic raw materials from
Sokoto and Kwara States suitable for

casting tableware.

2. To find a good workable body that
can be fired to approximately 1280'c to

produce tableware.

3. To ma&ke a contribution to knowledge
in this area especially to the scanty

literature on my topic.

The information supplied by Geologists and local
Potters helped the researcher to identify and procure
raw materials used in this study. The materials are

Rakwamni  Kaolin, Wumno secondary clay, Kalambaina

Vii



limestone, Mayanci quartz from Sokoto State and

feldspar from Okene in Kwara State.

The chemical analysis could not be performed due
to lack of equipment, but physical property tests in
shrinkage, plasticity, porosity and colour for plastic
materials and for the non-plastic materials colour,
cleavage and hardness were conducted. After the
physical property test some materials were rejected
and a triaxial blend method was adapted as the basis

for body formulation.

Seven compositions that produced likely results
were selected for further tests. Slip casting technique

was used as a shaping method to produce samples.

The study, based on the result obtained states

the following findings:-

1o Rakwamni clay can be used as a fine
kaolin, Wumo as a ball clay, Mayanci
guartz as a source of silica and
Kalambaina limestone for whiting all
from Sokoto State. Okene feldspar
from Kwara State can also be used as

a potash feldspar.

2. The amount of water, 250 gm and 4 gm
of deflocculants in varied proportions
of 2:2 and 1 :3 of sodium carbonate and
sodium silicate to every 500 gm of
solid ingredients produced a good

Viii



workable slips. And the addition of
a secondary clay also improved the

plasticity in the slips.

There was a good balance of the body
and the glaze as a result the 1280°c
temperature at glost firing was found

to be adequate.

Ball milling was discovered to be the
most effective way to blend ceramic

materials.

If the casting slip is left undisturbed

for days, the casting will be difficult.

It will need blunging before casting is

done.

Gas firing yielded variations of white

effect probably as a result of the

reduction atmosphere in the kiln during

firing.
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DEFINATION OF TERMS

e e o e o e e e . e .

BALL MITL ~ A machine for grinding rocks and
‘minerals, consisting of horizontal
cvlinder made from or lined with an
abrasion-resistance material (e.g.
sione or porcelain) and of some
mechanical means of mekinz it to

revolve. (Faunier, 1973).

BISQUE CR The neme given to 2 once fired
BISCUIT -
Ceramic body on which there is nc
cleze., A biscuit firing usually
veries in temperature between 950°c
end 1,100%, but it mey be high if
vitrification is rgguirad.

(iledley, 1976).

BLUNGER -~ A mechine for stirrins and mixing
ceramic meterials usually the
inzredients.of 2 clay body with

water (Faunier, 1975).

BODY -~ T™e natural clay of which & pot is
formed; materials mixed together for
the formation of pottery; or the mairn
vert of the pot as distinct from the

cleze (Primmer, 1974).

CALCINATICN - To disintegrate by heat: The stronz
* heating of a material resultincs in &

physicel or chemical ckange (Faurnier,

1975) XX



CASTING = Forming hollow shapes in & mould
using a 1iquid, In the case of

vottery, slip is used. (Primmcr,
1974).

CERMMIC -~ (Greek~Kcramos). A4 goneral word
for all pottery and pottery
processes. «lso used today in
connece tion with industrics such
s glass and ccment, (Primmer,

1974).

PYROMETRIC
Cone - It is made from the mixture of

ccramic materials formed into
triangular elongated pyramids,
and designed to melt and blend
over or 'squat' at a given
temperature. Also called Scger
Conc (Faurnier, 1973).

COTTLE - Awall of stiff water proof
material used to contain liquid
plaster until it hardens.
(Primmer, 1974).

DEFLOCCULATE -~ The addition of electrolytes to
slip to reduce the amount of water
needed to make it pourable (Xenny,
1974) .

xxi



ELECTRCLYTE

"FADI KA MUTU"

FLUX

FUSIEBLB

FUSIOR

GLOST FIRING

MODEL

—

An alkaline subs tance, usually soda

ash or sodium ﬁilicate added to a

clay slip to deflocculate it. (¥enny,
-1974).

Shetter as it falls,

A substance which melts and causses
other substance to melt inside the

riln., (Renny, 1974).

Fusible materials are those which
relt easily or lower the meltins
voint of 2 mixture such as a glaze.

(Faunier, -1973).

The melting of different materizls
into a homogenous liguid mess.

(F2mmer, 1975).

A Totter's word for Glaze, hence
& zlost firing, that in which the
claze is fired on the body.

(lledley, 1976).

A rrototype shape modelled in

clay or plaster. (Primmer, 1974).
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FLASTER MOULD - An assembly of plaster of Paris
Pieces containing 2 cavity in
which casting are formed,

- (Geza, 1949).

PLASTER OF PARIS - Semi-hydrated calcium sulphate,
+* is a white powder prepared from

gryosum by driving off the water

erytalization. (Hemmer, 1075).

PCRCELAIN - Higzh temperature ware which is
white and translucent. The body
is by mixing China clay, China
stone and. quartz together at

definite rates. (Hammer, 1975).

SLIP - A homogenous'mixture of ceramic
raw materials and water used for

casting. (Hammer, 1975).

RHEZC0LOGY ~ The science of flow and deformation.
These are crucial factors in the
behaviour of pottery materials
vnder heat. Also aprlied to flow
characteristics-of rlastic clay
and castins slips. (Faurnier,

1973).

TABLEWARE - A zeneral term for rottery directly
concerned with serving of food and

drinks, (Feurnier, 1973).
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TEMPERATURE -~ [ moans of describing heat and is
meagured in degrees centrigrade
(°c) or degrec fahrenheit (°F)
( Bammor, 1975).

THIXOTROPY =~ The property of slips to change
fluidity by being left undisturbed,
the slip at rest becomes meore
viscous, also the property of
plastic clays to resists initial
pressure, . ( Hammer, 1975),

TRIAXIAL - [ diagrammatie mcthod of studying
the effect of the various mixturcs
poseiblce with three materials or
colours (Faurnier, 1973),

VITRIFICLTION =~ The point at whieh ceramic meterials
reach 2 “glassy" condition under
hent (Cardew, 1973). -

VISCOSITY - Resistance to follow offerrcd by a
1iquid, duc to internal friction,
(Faurnier, 1973).

VITREOUS - Glassy or Glasslikc. (Ruscoe, 1948)
VITRIFIED - Iike glass, fused together.

(Cooper, 1972).
xxiv
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CEAPTER I

INTRODUCTIC::

Al thoush its exact origin is unknown, the
art of pottery is knovwn to be one of the oldest
crafts, I~wilo (1983), believes that pottery
first apreared about 15,000 - 10,000 B.C. with
the down of the new stone age, The probable
reason why ceramics is considered to be one of
the earliect crafts accoxding to ghuwan (1987),
can be found in the wide ranze of which ceramic
products have been utilized from the pre-historic

veriod to the present time,

Siye (1968), alsd revealed that the
origin'of potiery is uncertain, however, the
beginninz perharvs started when men during the
neolithic reriod retired from the nomadic set
up and becanme settled into communities. As
man established, he looked a2round for solutions
and just by accident noticed & naturel occurance
which was plastic and impervious to water, XHe
rossible experimented the newly found materials
by mekin~ & gourd (celabash) shape due to its
rlasticity when he noted that the material

could be hardemned by heat from the sun.



Man's faculties began to widen to the
extent that, he discovered later that

fire could increase the hardness of his
material. On the other hand, Cooper
(1972), stated that, man might bhave smeared
clay on the basket to prevent spillage.
The basket was said to had been burnt

by accident and again man discovered that
fire could change the appearance of his

material.

Furthermore, according to Ahuwan
(Ibid), Nigeria's pottery development
towards stoneware started in 1518 when a
Briton D. Roberts attempted to make
stoneware from local raw materials in
Abeok@ita with the sole aim of serving the
European members of the ‘est African
Frontier Force (WAFF)., This period
actually marked the beginning of tableware
production in Nigeria. Na' Allah (1980),
confirmed the invitation of another Briton
called Michael Cardew by the.then Northemn
Nigerian Government. He was charged to
carryout a feasibility study to determine
the possibility of establisﬁing a pottery
factory for the region in 1950, After

serious thought, Abuja {Suleja) was chosen



when it satisfied conditions such as the
availability of raw materials, good clay,
firewood, water and that Abuja is cemtrally
located. Abuja pottery now called

(Dr. Ladi Kwali Pottery, Suleja) glazed
products were first displayed in 1953,

It is precisely clear that at the
beginning of mordern pottery in iligeria,
production was largely directea &t making a
stoneware which only Europeans anc very few
rich men could aford. Through increased
interaction with Buropeans, the local elites
further cultivaEgd sophisticated life styles,
hence demand for the new products increased.
Nowadays, the demand especially for tableware
is evident and accentrated éy the fact that
hardly is there any average MNigerian home
* where one camnnot find such products like
dishes, plates, tea and coffee pots and a host
of . other ceramic tablewares, It should however
be noted that the %ulk of these products are

imported into the country.

Cardew (1969), observed that iigeria is
blessed with good gquality ceramic naterials
required for setting up a ceramic industry.

This assertion is further developed by



1.2

5

1.4

Onaji (1985), who opined that ceramic raw
materials and fuels are locally available,

TATEIE'D CF T FROBLEM:

The rroblen of this study is to formulate a
whi tebody fron selected ceramic »aw materials
from Sokoto and Tware States suitable for castins

table ware.

FURPOSES OF T'® STUDY:

The marroses of the study are as follows:-

1. To identifr through experiments the raw
materials svitable for casting tableware

and glazes for the body,

2, To find a ~ood workable bodies trat can be
fired %o eriroximately 1280°% to rroduce

tablewarea,

3. To male 2 contribution to knowledge in this
area ecpecially to the scanty literature,

BASIC ASSUITPTIONS:

The _s‘.::.d:' will be based on the following

assumptions:-

1.  Thet the raw meterials identified will
display cheracteristic of porcelain

body,



3.

It is assummed that adequate facilities
will be available for the analysis of

the samples collected,

It 1s =2ssummed that informacion supplied
by the local potters and geological
survey will be accurate and helpful in
prospecting and locating some of the

raw materials.

1.9 LIMITATION:

3.

1. Because of the unpredictable nature of
glaze and glaze materials, the findings of
this study will not be considered as a
finality in the pehavioural patterns of

glaze and glaze materials.

2., There is lack of adequate-tacilities
in the Department of Industrial Design,

Ahmadu Bello University, Zaria, therefore
the research will device means of coping

with such deficiences.

The use of slip casting techniques as a
shaping methed to produce experimental
samples for this study constitute a
limitation.
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4. Due to the insufficient knowledge about the
location of raw materials, the study is
therefore limited to the information recieved
from respondents.

DELIMITATION:

In view of the presumed ceramic prospects
in Sokoto S5tate, home base of the researcher,
the study is delimited to Sokoto State where
most of these materials in most probability are
avaiiable. .For the proven quality of feldspar
from Okene, the study will extend to Ewara State.

SIGNIFICANCE OF STUDY:

There is no doubt that people traditionelly
choose the services of pottery rroducts for
daily needs such as cooking, storage as well as

for decorative purposes.

In some communities tablewares are mainly
used nct only for serving of food and drinks but
also to decorate apartments as a symbol of
wealth, Awmwan (Ibid), supporting the above
assertion states that"the average middlé class,
at times even lower class home has tea set,

s toneware or morcelain. These commodities are

common sights during wedding ceremonies., The



newly wed decorate their apartment with
variety of ceramic wares call *Fadi ka mutu'",
In view of the high demand of ceramic products,
it is hoped that the research into the local
raw materials to formulate tablewesre will
contribute to the economic developument of

the country.

Another motivating factor for the study
is the fact that the country is losing
millions of naira through the importation of
ceramics wares, According to Onaji (1985),
Nigerian imported a large consiznuzent of
whiteware products worth 13 million naira in
1978. Therefore ten years of continuous
importation of ceramic wares is expected to
exceed one hundred million naira (¥100m).

In a similar opinion Gukas (1985), stressed
that most of the tablewares - stoneware or
porcelain - seen in our markets are imported.
In this regard therefore, it is anticipated
that research into the local materials to
formulate a whitebody will offer sugrestions

in making tablewares in the country,

The study for the formulatinon of a
whitebody suitable for casting tableware is

important particularly in this period of



government serious campaign to create
awareness in people on self-reliance, In
addition, it is hoped that the study will
enhance to the general public a clear
perspective on the importance of

industrialization,

Slip casting technique which is
considered to be one of the best methods for
commercial ceramic production will offer help
particularly to the enterpreneurs wishing to
set up a small scale pottery industry., It is
hoped that this trend will beoon the path to the
ceramic technological development, A large
proportion of ceramic wares are slip cast - for
instance tablewares, sanitary wares, technical

porcelain etc.

Finally, the outcome of this study will,

hopefully contribute to academic advancement,
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CHEAPTER 11

"LITERATURE REVIEW

RTRODUCTION:

This study is for the formulation of a
whitebody suitable for casting tableware.
The literature review therefore discusses
the general historical perspective of
whi teware and 2also contains informaticns
about the rrincirel raw meterials for making
the whitevare, These.are kao0lin, feldspar,
and quartz. Also reviewed in this chapter

are formulation of a whitebody and glazes,

HISTORICAT FSRSFECTIVE OF WHITEWARES:

Lons tefore the infusion of porcelein
production into the various cultures, the
exact use of white burning clays were not
precisely known, but Honey (1963), however
believes that the method most of the potters
engaged in meking of whitebody used was
covering the buff bodied ware with slip and
white glaze coating. This method was
pérticularly iracticed in Turkey and the

near Zast by potters.
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The discovery of tin oxide had marked
effect on white wares and this culmineated
in the white beantiful majolica wares., Foney
(Ibid) further observed that besides the crude
form of porcelain or whitewares produced in
Burope, the discovery of Chinese yorcelain
was a highly remarkable invention in the
history of ceramics. Cooper (1972), stated
that, a German, John Friedrich Bottger made
the first Buropean porceleain in 1709. Fowever,
more experiments and tests were conducted to
improve on Zottiger's formula, Indeed Bottiser's
discovery became the basis of hard porcelain

making in 3arope.

Whiteware products are ma;}olicé, hard
porcelain, whit{e-earthenware, semi-vitreous
porcelain and China, Bone China, soft-rorcelain
and the like. The shaping methods in the making
. of white ware are throwing, slip casting,
jiggerinz ard jollying etc. Historically
th:r-owiir_: vas the predominant technique of

produc tion,



1

2.3 K AO0L I N:

Gukas (1985), defined kaolin as &
residual, fine textured white primary
clay found in its original site of
decomposition. It is relatively free
from impurities &s such, it can withs tand
temperature avrroaching 1750%. KXaolin
apart from melzinz the body white provides
plasticity and zives strength to the
fired wares, A typical kaolin accordins
to Singer and Singer (1963), would have

the followinz compositions:-

Silice - - 46.51%
Alumina - 39.53%
Water - 13.95%

Leach (1973), cave the composition of

kaolin as belov:i-

Silica - - 46,647
Aunine - 39.45%.
dater - 13,.905¢

An earelysis of Fankara kaolin (Katsina
State) is siven in the next page by Hendsman

(1974).
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Silica ~  Lh.55%
Alumina - 31.L5%
Iron oxide - 1.,07%
Magnesia - 0,87%
Lime - 0.28%
Soda feldspar - 0.17%

Potash feldspar - 0,36%
Excess water -  12.,03%
Chemical water = 9,06%

Titania - 0.41%
Magnesia - 0.01%
C UL pidaa - 0005%
Total - 100,20

FELDSPAR;:

Feldspar, number € on lMoh's scale of

mineral hardness is valued for the fluxing
role it plays. This it does bv f~rming a
T4t Aoy, faring, On cooling, this
liquid forms a glass which brings the
grains of the other constituents {(clay and
silica) together. Gukas (1985), observed
that feldspar can be easily recognized by

its colour, hardness, lustre and cleavage.

The three principal feldspars are

potash, soda and lime, Singer and Singer
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(Ibid), recognized potash feldspar as a
valuable material in the formulation of
ceramic bodies because it imparts more
translucency to the body than soda
feldspar and further more, potash
feldspar due to its higher vitrification
temperature reduces the risk of warpage
which is associated with bodies containing}
soda feldspars. Cardew (Ibid), further
reiterates that porcelain makers and also
stonewaic puuwero used feldspar to the

great extent for body composition and glazes.

2,5 QUARTZ:

Singer and Singer (1963), said that
quartz is one of the main ingredients used
in the making of porcelain, sanitary ware
and earthenware. Quartz is number 7 on
Mon's scale of mineral hardness and as a
source of silica its presence in the body
reduces shrinkage, plasticity, improves
resistance to warping and also enables glaz%
to fit into the body. Quartz gives strengtﬁ
to the final fired ware and this, according
to Okoruwa (1966), is due to the ability of
quartz to combine with other basic oxides of
the fluxing components to form a glass which

enhances the strength in the ware.
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Qariz is hard to grind, therefore,
it is usualy ca2lcined. Singer and Singer
(1986), acinowledged calcination of ouartz
to 900%, Quartz in the process of
calcination would become soft. This woulad
enhance easy jei-crushing of the material.
Faurnier (1977), said alpha beta quartz
transformation besins at 573° which
increases the etability of silica. The
use of aprrorriate amount of fine
erystalline silica in the body can stop the
craze tendency. /Ckoruwa (1986), said that,
the use of too much quartz should be
avoided due to its tendenc§ to causing
dunting, loverins of mechanical s treng th

and worsenninz of glaze appearance,

FORMULATIC!T OF I TEBODY :

In formulating a whitebody, the three
Prinecipal raw materials involved are
feldspar, kaclin and quartz. qfeldspar helps
the fusion o2 tre body while kaolin provides
refractoriness, workability and white effect,
Quartz as a zlass former assists the body to
become herd, strong through firing.
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Nelson (1958), contends that empirical
experi mentation and testing are the most
practical me thods to be adapted s¢ as to
obtain suitable blend of materials., In a
similar view, Okoruwa (Ibid), suggested body
formulation through step by step substitution
oI one material by another until a desired
result is obtained. Since whitebodies are
esgentially compoged of the three main
constituents - feldspar, kaolin, and quartz,
Singer and Singer (Ibid), suggest a triaxial
blend involvinz the three major components.
While Okoruwa (lbid) disclosed that, using
materials in the triaxial beginning with
100 parts will provide adequate room for

effective experimentation and observation,

Relow is a triaxial blend diagram on
distr_bution of porcelain materials as

supplied by Gukas (1985).
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Feldspar
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Fig.i: Diciribution of porcelain body material

in the triaxial blend,
(1985).

Scurce: Gukes
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There are different typeé of whitewares,
therefore & look at the composition of various
bodies will be of importance to the study.
Bhodes (1973), suggested a mixture of -

porcelain hody composition &8:i-

: Kaolin - 506
| Feldspar - 30%

Quar bz - 20%

Accopdins to Khodes (1973}, a typical

german poreclain hody congists of:~

Kaolin - 54%
Felds por - _ 20%
Flint - . 254
Whi ting - . 19

In aldition Rhodes (1973), suggests the
composition of a typical hotel or restaurant

Chinaware body, thusi-

Kaolin - ‘=0 0 30%
Ball clay - 154
Teldspar - 16%
Flint - 35%

Whiting - o

The above. composition may be as
trans parent &8 porcelain but not as

translucent.
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Singer and Singer (Ibid), recomuended

the composition of some whitewares below:=

BONE CHINE:

Bone China  ~ 50%
China clay - 25%
Feldspar - 25%

WHITE_FARTHENWARE AND VITREOUS CHINA:

Source: Singer (1963).

Kaolin - 505

Quartz - L0

Whiting - 7 . 5%

Feldspar - 2,5%
TABLE 2.1:

Vitreous China (Tableware)

Source: Singer and Singer (1963).

Body Burn- | China |Ball | Quartz | Feld-
type ing clay clay spar
Cone
No

Hotel

China | 10-12 ; 37.0 [7.5 | 36 18

|
i 37
Hotel ‘_ 10-11 } 34.0 l?.o 35 j22.5
l China [_
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PLASTER OF PARIS:

Plastcr of Paris is the main meterial
for making moulds in sli; ~asting, It is a
gypsum rock calcined to drive off chemicolly
combined water, The rock when heated will
reduce to a soft material that can easily
be crushed to a fine white powder., The
plaster substance mixed with water will
crystallize once more to produce a hard white
snlfid. The mived nlaster was poured over

the model to make a plaster mould,

SLIP CASTING:

Singer and Singer (Ibid), said that
slip casting is a method of shaping ceramic
articles by pouring in the slip into the
plaster mould and that slip casting was
invented some 150 years ago. They however
observed that good behaviour of casting
slip are "fluidity, viscosity and time of

action".

For the casting operation to be
successful, Okoruwa (Ibid), stated the
need to "develop a good casting rate,
confortable release of the casting from the
mould and easy drain of the slip". And
Singer and Singer (Ibid), were of the view
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that the slip should be left undistrubed
for 24 hours., They discovered that
thixotropy determines the amount of water
to be removed before & good cast is
acheived, Hizh thixotropy gives relative
Plasticity, easy trimming and joining.
Ofcource, the slir must be cons tantly

stirred.

Sodium silicate and sodium carbonate
known as deflocculants or electrolytes are
added into the clay and water mixture with
a view to decreasing the amount of water
required to produce the desired fluidi ty.
Deflocculants are indespensable in slip
casting. Telson (1978), said one rercent
or less oI either sodium silicate or sodium
carbenate afled fo the dry weight of thre
clay may reduce the emount of water neeied
to produce & fluid slip. In another
perspective, Torton (1956), agreed with
Nelson (1978), by stating the use of one
grams of solid compound. Also Uduigwome
(1986), disclosed that porcelain industries,
Abeckute used about one gram of deflocculants
to every 12? grams of dry ingredient and
Ckoruwa (1956), used 4 grams of deflocculants

to every 500 zrems of dry ingredients., Ten
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grammes of bentomite can be used to every
500 grams of solid constituents when the
slip lacks plasticity. Bentonite acts as
a plasticizer. It is better prepared
alone because of tendency to high water

absorbtion.

The slip will be ball milled for
16 hours after which it is left undisturbed
for 2y hours to observe thixotropy and
viscozi®y e rnoted by Gukas (1985), The
slip will be screened through 80 mesh sieve.
Russel (1949), as quoted by Okoruwa (1986),
revealed that ball milling or grinding
improves tranelurency 2s well as the dry
strength and reduces porosity and particle
size of the materials, When no shortcomings
are noticed in the acilu”l eastins slin,
tharnueh amit+-+in= --{1] take place at this
peint to ease the escape of the air bubbles.
Hence, proper stirring of casting slip

before operation is necessary.

The casting operation requires
careful performance, Ruscoe (Ibid), stated
that, aster smooth pouring of the dip, it
will be left in the plaster mould to absorb

water until enough thickness is built against



2.9

22

the mould cavity. Gukas (Ibid), observed

20 minutes for the slip to build in the
mould, The surplus slip is poured out., The
mould is then drained by slanting it

cautiously at an angle.

Singer and Singer (Ibid), emphasized
the need for careful pouring of the excess
slip because when wrongly handled mgty create
uneven thickness in the ware. The casted
object will be taken out from the mould to
dry. At leather hard stage, the casted
piece is examined prudently and eritically
to detect any shortcoming. Similar
examination is done during drying and after

firing of the wares.

GLAZE FORMULATION:

Glaze, an interesting part of ceramic
ware, is very important for this study.
The body and glaze must fit well to make a
succesaful piece, Ruscoe (1948), said
that glaze formulation can easily be
achieved through the "Alumina = silica
ratio", and are expressed in the molecular
formula form based on the percentage
composition or by working recipes. And

pointing out a similar view, Okoruwa (1986),
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confirmed that "glaze fit, a function of
AI20§:SIO2 ratio is important in all

cases",

From the commercial point of view,
unglazed pottery ware, cannot compete in
the modern m~rket. Certainly pot
appearance is of utmost value, that is
why Okoruwa (1986), revealed that “body and
glaze should be considered as a single
system", Rado (1975), seemed to hold the
same view when he .cluowledged the
significance in balancing the glaze and the
body.

In his study, Rhodes (1973), stressed
the importance of glaze in ceramics by
furnishing us with the idea on the upper
limit of glaze materials., He maintained
that feldspar and quartz should form about
704 while the remaining 30% will be composed
from the other materials. The idea of the
upper limit is to make the glaze and the
body melt a- the same point and also to
decrease the "expansion of high temperature

glazes",
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TABLE 2.2:

Upper Limit of glaze material,
Source: Rhodes (1959) p.76.

MATERIALS PERCENT
b

Feldspar s « o SO

Quartz « o o 20%

Clay e » o DO to 15%
Whiting e o o 0O to 15%
Barium carbonate e« o« o 0O to 15¥%
Magnesium carbonate , ., . O to 15%
Dolomite e o o 0O to 15%
Talc e « o+ 0O to 15%
Colemanite v w o Ote 15%
Zinc oxide « » o O to 15%

Rhodes (1973), found that about 80% of
feldspar and 20% of the other constituents
could be of good start for glaze formulation.
Singer and Singer (Ibid), noted viscosity
as an important phenomenon in ceramics
because it controls the success of any glaze

firing at varying temperatures,
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CHAPTER _III

RESEARCH _PROCEDURE

INTRODUCTION:

Sokoto State minerals have not been
studied particularly for the production
of tableware, The study attempted
identifying clays, limestone, quartz in
the State that were used in the formulation
of whitebody suitable for casting tableware,

The chapter covers the samples for the
study, preparation and testing of raw
materials, In addition are the body
formulation, procedures for casting and alzo

formulation of glaze and application,

A field trip was carried out Lu (ne
selected areas in Snknto and Kwara States
for the purpose of collecting the sampled
materials, The materials were kaolin,

ball clay, quartz, limestone from Sokoto

State and feldspar in Kwara State,



3.2

3.3

26

SAMPLES:

The samples for the study comprised
kaolin, ballclays, quartz and calcium from
Sokoto State and feldspathic stones from

Kwara State,

SAMPLI1NG:

In order to identify where raw
materials for the study are found,
information was gathered from geologists

in the J.oi. und local potters,

Respondents were asked to supply
information on where kaolin, ball -<clay,
quartz and limestone are found in large
quantity in Sokoto State and also where
feldspar is found in Kwara State. The
procedure was guided by the Ndagi (198lL),
“ungtmctiured interview which encourages
respondents to express their feelings
freely" thus allowing the researcher to
explore a reliable ard valid data in form
of verbal answers from respendents.

Gukas (1985), observed a similar method.
The raw materials to be identified were
kaolin, ball clay, limestone, feldspar and

quartz.
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Respondents were divided into twb
groups and were randomly chosen: The firat
group of respondents comprised of geclogists
in the field, It was assummed that being
geologists they should have knowledge about

the minerals resources of the areas,

The second group of respondents
consisted of local potters in Sokoto
township. The selection of the group was
basea ou wnue assumption that through their
extensive activities in the production of
traditional pottery, they should know where

suitable clay is deposited in the area,

Tables were used to enhance clear
presentation of the data through visual
display of the number of responses from
the geologists and local potters,
Responses from Geologists and local
Potters on the location of clay minerals,
limestone and quartz from Sokoto State and
feldspar from Kwara State are shown in the

next page.



28

IABLE 2.3:

Frequency distribution on lo~ation of a

ball clay in some towns and villages 0Ou

Sokoto State,

Village/ Ft'ﬁ?ﬁ'o;m;@;q‘_-go—c_]rﬂuui “M_-—_'

| T [POUTERS P ot} K|
§ {

gl 2 - 2 1141

Dundaye 2 - 2 11.1

Sokoto 3 g —_

Wurno 3 6 5 55

No idea L _ ) i

oL | 10 | 8 T

The analysis of the data in Table 3,1
above shows the arrangement of towns/
villages mentioned by the fespondents where

ball clay could be found.

Out of the 18 respondents that were
asked to locate a deposit of a ball clay
in Sokoto area, nine respondents representing
S50 mentioned Wurno and five people
constituting about 27,.8% indicated Sokoto,
Two respondents mentioned Dange and Dgndaye

each representing 11.1% respectively,
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In view of the highest number of
respondents who identified a deposit of a
clay suspected to be of ball clay nature,
Wurno which recorded most number of
respondents was selected for physical
property test, Also selected for the test
was Sokoto clay that had been identified

by five respondents.

TABLE 3.2:

-
Frequercy ¢-i9t~ibutinnslocation of kaolin

in some towns and villages of Sokoto State,

| RESPONDENTS ; 3
VILLAGE/ mm TOTAL %
___10WN TS
Dange 1 - 1 5.6
Dundaye 1 - 1 5.6
Dakingari 1 2 3 16.7
Kaoje 1 3 L 22,2
Rakwamni 3 3 6 33,2
SRS ! -
TOTAL 10 8 18 100
1 )

Table 3.2 above reveals that six people
33 2¥ mevtioned Rakwamni, Four people
representing 22.2% located Kaoje and three
people constituing 16.7% for Dakingari. One
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respondent about 5.6% from Dange and
Dundaye respectively. Also three
respondents representing 16.7% had no
jdea or opinion. Baséd on the highest
number of feequencies, Rakwamni as the
area that was mentioned the highest was

chosen for sampling of tests.

Apart from the clay minerals that were
located by respondents, quartzites,
feldspathic minerals and limestone were
also identified in some towns and villages
in Sokoto and Kwara States, Table 3.3
shows the frequency distribution of
respondents on the location of limestone

in Sokoto State.



31

TABLE 3,3:

on
Frequency distribution,location of

limestone in Sokoto State.,

{  RESPONDENTS ’*_J '
VILLAGE/ l LOG=1 TOTAL] %
TOWN 1STS .

Dange 2 1 3 [16.7

Illela - 1 1 5.6

Kalambaina 3 6 9 |50.0

No idea 5 - 5 |27.7
1 —

TOTAL 10 4 8 18 1100 |-
- e ass s = m—

Table 3.3 above shows that nine
people representing 50% out of the total
of 18 respondents mentioned Kalambaina as
the area where limestone is deposited.
This was followed by Dange with three
respondents about 16,7%. One person
representing 5.6% indicated Illela and
five people about 27.7% were of no idea
or view, Kalambaina limestone was
selected for the purpose of this study,
since it scored the highest number of

respondents.
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Deposgit of quartz mineral in

Sokoto State had also been identified by

potters and geologists.

TABLE 3.4:

Frequency distribution on location of

quartz mineral in Sokoto State,

: RESPONDENTS |
VILLAGE/ GEOLO

town ~ |POTTERS | grgps| TOTAL | %
Mayanei | 2 4 6 33.3
Yauri L 3 L 22,3

} Zuru 1 1 < 1.1
No idea 6 -~ 6 33.3
TOTAL 10 8 18 100

Table 3.4 reveals the respondents
location of quartz in Sokoto State, Out of
Thie total of 48 respoadents, six persons
representing 33,.3% idensified Mayaski as a
potential area where quartz c¢an be found,
Four persons about 22,3% and two respondents
representing 11.1% mentioned Yauri and Zuru
respectively. But six people about 33,3%
expressed no idea., Mayanci quartz having
the highest frequency was selected as a

potential source for quartz,
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In the case of Okene feldspar, all
the eight geologists constituting 100
that were asked to supply information
about feldspar deposit in Kwara State
mentioned Oguda in Okene, Therefore
Oguda feldspar was selected for use in

this study.

PHYSICAL PROPERTY TESTS FOR MATERIALS:

Different physical property tests

such as the hardness test, colour and

33

cleavage tests for the non-plastip materials

and also plasticity, shrinkage and porosity

tests for clays were - conducted, The main

purpose of the physical property Fest was
determine the suitable material among the
samples procured for the study, since the
shemical analysis could not be performed

due to none-availability of facilities.

Tests conducted on the non-plastic

materials were achieved 2as follows:=

HARDNESS: = The physical property
test done to identify quartz and feldspar
was inaccordance with Dietricqig1980),

observation that mineral appearance makes

to
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it easy to be identified and also when a
mineral is subjected to a simple test.

He further emphasized that, the hardness
scale known as Mjh's scale of hardness
invented by a German mineralogist
Fréedrich Moh is an effective means for
identifying minerals. This theory
established in the early 1800's is
composed of ten common minerals comprising
the softest mineral (Talc) assigned 1 to
the hardest mineral (Diamond) assigned 10,
Bach of the mineral will scratch the
mineral of lower hardness as arranged in

the table below: -

TABLE 3,6:

Moh's scale of mineral hardness

e ——— . e e — -

HARDNESS _J MINERAL
1 Talc
2 Gypsum
- = = =« = = = = =« Finger nail
3 Calcite
L Fluorite
5 Apatite
- - = - - - - Knife blade and glass
6 Feldspar (orthoclase or

microline)
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The scale indicated that diamond

has the highest number, therefore was
congidered the hardest mlneral and talc
has the lowest number as a result, it is
the softest mineral, Finger nails have
also been considered to be of hardness
2.5. Indeed it supports that finger
nails could be used to scratch on talc
or gypsum that have hardness one and two
respectively., Similarly a mineral of
hardiic.c 2.7 would be able to scratch

apatite that has a hardness of five.

In order to determine the quartz
and feldspar by hardness, a piece of
quartz was used to make a mark on the
surface of feldspar mineral., Quartz did
not show sign of scratch but the mark

was clear on the surface of the feldspar

minaral

COLOUR: - The colour aspect of the
minerals were determined, Quartz appeared
milky white but physically containing
little iron and very little bgotite mica,
iron oxide as a flux will contribute to the
fusion of the body. Feldspar appeared
pink in colour, supposedly potash feldspar.
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CLEAVAGE * Quartz and feldspar

vere each broken to examine the breaking
characteristic. Dietrich (1980), stressed
that po+tash feldspar normally display two
cleavages. This view was supported by

Gukas _1985).

Physical property tests were also
conductec. on the clay minerals. These
included test for water required to make
the clay into plastic paste, tactile
quality @@ vizui. vexture of the clay.
Others were dry-fired linear shrinkage,
porosity as well as the colour of the

m~terial before and after firing.

WATER OF PLASTICITY:- To determine
the amount of water required to develop

optimum rlastic gqualities.

FROCEDURE:-- A clay sample was
pulverized to pass through 80 mesh screen
and 500 gram weished ints glass slab,
Wwater was added drop by drop from the
500cc gradvate filled with water and
mixing simultaneously, carried on with a
non--absoruver.c spatula, Amount of water

used to develop a modelling consistency
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was noted and percentage water of

plasticity calculated thus, Kenny (1973).

% water of plasticity =

Wt of water used
Wt of dry clay

100

Water of plasticity for Rakwamni kaolin:-

Amount of water used = 125gm
.~ %ip = 125
500 x 100 = 25%

Water of plasticity for Wurno clay:=-

Amount of water used = 200gm

S % Wp = 200
500 x 100 = Lo

Wwater of plasticity for Sokoto clay:e

Amount of water used = 200gn

S % Wp = 200
500 x 100 = LO¥

TEXTURE:= The fired samples were
visually inspected and tactile quality also

assessed by running ones hands on the surface,
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LINEAR_SHRINKAGE:= To determine the

shrinkage along single line,

WET - DRY:~ Three bars each measuring
16 x 2 x 2cm were made from the individual
clays. A 10cm line was made on each bar
while still in the plastic state. The bars
were carefully dried to avoid warping. The
10cm line was again measured in order to

determine the new length.

% Original-dry shrinkage =

Original length-dry length
Original length x 100

NRY - FIRED:- The original 10cm line
was again measured after the bars were fired
to 900°%: and 1280°c being the biscuit and
glost firings respectively. The percentage
dry - fired linear shrinkage w2s calculated

thus: -~

* Fired shrinkagesoriginal length-fired length
priginal length X 100

PAWWANNT f'_"[AY:
Wet-dry linea @prinkage of Rakwamni clay:=

Original length = 10cm



Dry length = 9.3cm

% Dry shrinkage = 10 - 9,

Bisque linear shrinkage:=-
Original length = 10cm
Bisque length = 9.2cm

% Bisque shrinkage = 10 = 9.2
10 x 100
= B%

o
Linear shrinkage after 1280 ¢ firing:-

Original length = 10cm

Fired length = 9.1cm
% Fired shrinkage = 10 = 9.1
10 x 100
= 9%

WURNO CLAY:
Wet - dry linear shrinkage:-

Original length = 10cm

Dry length = 9.,2cm
% Dry shrinkage = 10 - 9,2
10 x 100

= 8%
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Bisque linear shrinkage:=-

Original length = 10cm
Bisque length = 9.,1cm
% Bisque shrinkage = 10 - 9.1
10 x 100
= 9%

Linear shrinkage after 1280°¢ firing: -

Original length = 10cm
Fired length = 8.9cm
% Fired surinkage = 10 - 8,9
10 x 100
= 11%
SOKOTO CLAY:

Wet-dry liner shrinkage:-

Original length = 10cm
Dry length = 9.1cm
% Dry length = 10 - §,1
10 x 100
= 9%

Bisque liner shrinkage:=-

Original length = 10cm
Bisque length = Scm
% Bisque shrinkage = 10 - 9
10 x 100
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Linear shrinkage after 1280°% firing:-

Original length = 10cm
Fired length = 8.5cm
% Fired shrinkage = 10 - 8.5
10 x 100
=  15%

POROSITY:-~ To determine the liquid
absorption of clay samples at bisque and

stoneware temperature.

PROCEDURE:= Two cubes were made for each

0
clay. The cubes were fired at 900 ¢ and

12800c respectively. After each firing
the culcc wers wéighed and soaked in water
for 24 hours and weighed again. The
percentage porosity was calculated using

the formula below: -

Bisque porosity:-

% A = SW - BW

BW x 100
FPorosity after 1280°%¢ firing: -

% A = SW - FW
FW x 100




~ Where A Absorption

SW = Saturated weight
BW = Bisque weight
FW = Fired weight (1280%)

RAKWAMNI CLAY:

Porogsity at bisque:-

Bisque weight 180gm

Saturated weight = 200gm
% A

200 - 180
| 180 x 100
11.1%

o
Porosity after 1280 ¢ firing:-

Fired weight 165gm

I

Saturated weight 180gm

180 = 165 -
165 x 100
= 9.1% .

o % A



WURNO CLAY:

Porosity at bisque:=

Bisque weight = 180gm
Saturated weight = 195gm
e %A = 195 - 180
180 x 100
= B.3%

)
Porosity after 1280 ¢ firing:-

Fired vwefght = 155gm
Saturated weight = 160gm

% A = 160 - 1
155 x 100 = 3-2%

SOKOTO CLAY:

Porosity at bisque:~-

Bisque weight = 18Cgam
Saturated weight = 196,5gm
¥ A = 196,5 - 180

180 x 100 = 9,2%

0
Porosity after 1280 ¢ firing:=-

Fired weizht = 159gm
Saturated weight = 167gm

% A = 167 = 159
159 x 100 = 5%

L3



COLOUR: =

The colour effect on the clay after firing

was recorded: -

TABLE 3.7:
Result of physical property test.

| ' '
. TYPE OF TEST tRAKWAMNII_ﬁURNO SOKOTO

- :
Water of _
25% Q5 _]

Plasticity | . Ok e

Texture

(Visual) Fine Fine | * 'Fine i
T le at fairl |
MEESE B y Smooth -~ Smeath
Bisque smooth
Dry T% 8% 9%
Shrinkage

Bisque 89 9% 100!
Shrinkage

Shrinkage 11% 159

at 1280°% » .
Jxagua | 11.1% | 8.3 9.2«
Porosity

P y

orosity | 9.1 3.2%| 5,06

at 12807 ¢

Colour before Yellowish
Firing White Grey brown.
Colour after i Ynhite Buff Dorkbrown

Firin - ;
Rt :

e - ———————




From the water of plasticity test,
Rakwami needed 25% while Wurno and Sokoto
clays both needed 4OX to develop optimum
plasticity., Based on the assertion by Kenny
(1973), that most plastic clays have
percentage water of plasticity between 30%
and }j5%. From this, it was deduced thot
both Wurno and Sokoto clays have higher

plasticity than Kakwammi clay,

Tactile quality at bisque and glost for
Rakwamni was fairly smooth, Sokoto and Wurno
were smother after bisque and stoneware
firings. The linear shrinkage of Rakwamni
clay at wet-dry was 7%, while at bisque was
8% and at 1280 ¢ fired state was 9%. Wurno

clay on the other hand recorded 8% wet-dry,

9% at bisque and 11¥ at stoneware tcmperature,
While Sokoto clay had 9% linear wet-dry, at
bisque was 10% and 15% at stoneware, It was

then confirmed that the less plastic the

clay the less it shrinks.

As for the porosity test, Rakwamni
clay had the highest porcsity with 11.1% at

bisque and 9.1% at stoneware temper=ature,

L5
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Wurno had 8,3% at bisque and 3.2% at
stoneware while Sokoto had 9.2% and 5¥ at
bisque and at stoneware, respectively.
The high porosity percentage of rakwamni
clay confirmed that, the primary cloy
absorbs more at the stoneware temperature
because it requires 2 higher temperature

to enhance fusion.

As regards to colour, clay snmples
were fired to 1280°c. Rakwamni clay fired
white, Wurno buff while Sokoto fired
drrkbrown. Rakwamni clay turned white,
therefoee it was considered suitable kaolin
for the formulation of a whitebody. ‘Yurno
clay was the best with regard to plasticity,

texture ns well as absorbtion tests

conducted. Its shrinkage rate was good

and fired buff. Sokoto clay was another

good quality plastic.clay with the texture.
Its wet=fired linear shrinkage was quite
satisfactory. This was rejected on the

basis of colour, It yielded darkbrown
Colour which impaired the whiteness in the

bodies.
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Mayanci quartz was found suitable
after the hardness, colour and firing tests
were conducted, Okene feldspar was 21lso
selected as appropriate material because it

procuced white and translucent effect,

PROCEDURE FOR RAW MATERIAL PREPARATION:

Feldspar: -

U Washed

e 1 8 Calcined
iii. Jaw crushed
iv., Water ball milled

Ve Dried and preserved.,

Quartz: -

i. Washed

ii, Calcined

iii. Jaw crushed

iv. Water ball milled

V. Dried and preserved,



2 Soaked

ii, Blunged
iii. Sieved through 80 mesh
iv. Levigated

Yo Dried and preserved,

Limestone: -

i. Washed

ii. Jaw crushed

iii. Wwater ball milled
iv. Drieéd and preserved.

OKENE FELDSPAR:

The material was soaked in water
overnight to remove foreign particles, It
was fired to 90000. The calcined feldspar
was then pulverized into smaller particles
aim at enhancing sizes that can fit
conveniently into the Jjaw crusher to
further reduce to make for easy ball
milling. It was milled for 18 hours, The

ground material was discharged into

containers to settle after which the
surface water was removed and the fcldspar

dried and stored.
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MAYANCI - QUARTZ:

It was soaked in water over-night and
later washed to remove impurities. Quartz
being harder than feldspar, it was
subjected to high temperature firing, 1t
was calcined to 100000. A hammer was used
in breaking the calcined quartz into tiny
sizes that could fit well into the Jaw
crusher. The crushed quartz was ball milled
for 2l hours. The ball milled quartz -was
transfered into a container to settle,
Water was drained out carefully after the
miterial had settled. The whole thick mass
of ground quartz was removed from the

container and broken into pieces to dry,

The dry quartz was kept ready for use,

CLAY:

Clay was soaked in a plastic container

over-night and stirred for two hours at
different times, It was then sieved through
80 mesh to detect unwanted particles like
sand, stones etc. After sieving, it vas
allowed to settle and water on the surface
was poured out carefully, The clay slip
was dried on plaster bats and stored ready

for use,
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LIMESTONE:

The material was washed thoroughly to
remove foreign particles, It was then jaw
crushed and ball milled for « four hours.

The limestone was dried and stored.

BODY FORMULATION:

From the literature review, it wis
revezled that formulation of bodies
involves the combination of different
materials, The materials mainly used are
kaolin, feldspar and quartz, Kaolin as one
of the major component in the making of
whiteware enhances refractariness,
workability as well as colour to the body,
Feldspar and quartz being non-plastic
materials provide different properties in
the body - compositions. Feldspar increases
translucency and reduces porosity and lower
the fusion point of the body, Quartz helps
the body to resist shrinkage and it also
fmproves translucency and body strength,

A sixty six member triaxial blend of the
mzin constituent of clay-quartz-feldspar

was adapted.
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The diagram below illustrates the
distribution of the ingredients, In each
of the rectangles which have been numbered
from 1 - 66, the figure on top represents
feldspar and the figure in the middle
refers to kaolin while the bottom figure is
for quartz, For instance on tile 25, the
blend is composed of 40% feldspar, 30%
kaolin and 30% quartz.

Felds par
1
100
0
2 0
ot 1%
10 0
N 0f 5310} 6
80 80 80
20 10 20
of 8110 10 } 10
F'Zro mp“% 70
20 20 10 0
111 "0} 121 10§ 13 120 | 14130 |15
%0 %0 50 %0 0
2 40 30 20 10 0
161 ofl17110} 18] 20 §19130 20 Juo | 21
50 50 50 50 50
50 4O %0 20 10 0
22] 0j123110{ 241204825 }30 )26 140 |27150])28
40 40 40 40 40 40 40
€0 50 L0 30 20 10 0
2910 101311204321 30 133140 4 34 {50 § 35160 § 36
30 30 30 30 30 30 30 30
70 60 50 b.OE 30 IZO 10 0
371 0 10139120140} 3048 41 340 42450 {43 §60 i L4 §70 § 45
20 20 20 20 20 20 20 20 20
80 70 60 50 40 30 20 10 0
461 0167110 448 120449430, 504 40 451 450 152 160 155170 § 5 80} 55
10 10 10 10 10 10 10 10 10 10
20 80 70 60 50 LO 30 20 10 0
0]57F10 20 1591 30{60,250161 45016260 163 )70 64480 f65]9 | 66
0 0 ) 0 0 0 0 0 0 0
90 80 70 60 50 40 30 20 10 e
10 20 30 40 50 60 1o} |50 100
Fig.2: The distribution of whitebody compositions Quari

in the triaxial,
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From the triaxial test, seven bodies
that produced characteristics of porcelain

were selected. These were tests Nos, 2,

25, 31, 32, 33, 34 and }1.

TABLE 3.8:
Seven selected body compositions from the

triaxial blend.

{- | Cest _compOSITIONS |
S/NO. ‘ No | Feldspar % Kaoiin Qua;tz
- 4 |
1 1 I
1| T2y L o | ko 20
> | ms | w30 30
3 ‘ T31 30 l‘ 50 20
Loy T3 i 0 1 ko 30
s | T3 30 | 30 4O
| |
6 ot | 30 | 20 | 50
[ 7 | my | 20 \ o | Lo
* ] | S

Source: Studio tests (1988)

These compositions formed the basis = for

further tests.

Kaolin the only clay material in the

composition could not provide adequate



plasticity as a result a secondary clay

was introduced into each of the selected
body composition in order to improve their
plasticity. Wurno clay appeared to be
suitable secondary clay because of its

buff colour effect and high plasticity,
Khodes (1959), supports the use of secondary
clay into body compositions by stating that
"the addition of 10% ball clay has a practical
improvement” in the bodyy Hence 10y of
Wurno clay was added into each of the body

compositions,

After determining the amount of ball
clay, the study sought for the proportion
of water and deflocculants to be used in
the compositions. Kenny (1974), stated
that casting slip should contain about
35% to L45% water, Similarly, Uduigwome
(1986), confirmed the use of about one
gramme of deflocculants to every 125g of
dry ingredients and also 40 to 50% of
water. The study therefore used lLgm of
deflocculants in varied proportions of
2:2 2nd 1:3 of sodium carbonate and
sodium silicate respectively and 50% of

water to every 500gm of solid ingredients,
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Having decided on the amount of deflocculuants,
water and ball clay to use, the slip
compositions became as shown on table 3.9

below:

T.!.\BLE 3 . 9:

Slip composition.

! me————
-f?TERIALS L”H-. Bo?i?i.“,f.___i
1 2 3 L4 5 6 74
Feldspar ' 4O 35 30 30 30 35 20 |
Kaolin i 35 30 4O ¥5 35 30 35
| Quartz | 15 25 20 15 25 25 35
Eﬁall clay l 10 10 10 10 10 10 10
| Water (gm) !250 250 250 250 250 250 250
! ;
?gggéoccul-ntf TR PR T T TR TR %
i |
T 12:2 2:2 1,3 1.3 2:2 1,3 2: !
S b s s ST
KEY :
Gm = gram
Sod,Carb = sodium carbonate

Sod.Sil = sodium silicate.



PREPARATION OF CASTING SLIP:

In prepari:; slip for the study, S500gm
of dry ingredient were weighed and also Lgm
of deflocculants were weighed out in varied
proportions of 2:2 and 1.3 of sodium
carbonate and sodium silicate as determined
earlier, The deflocculants were dissolved
in hot water for effective mixing, In
addition 250gm of water was weighed
representing 50% of the dry material, The
dis=nlverd deflocculants were added in wzter
and stirred after which body ingredients
were also added into water, Kaolin and ball
clay were added first followed by the
feldenan and quartz. The mixture wag

thoroughly stirred.

The different body compositions

prepared were ball milled for 16 hours,

The slip was left undisturbed for 2l hours.
to check the rheology of the slip. The
casting suitability was first tested on
the plaster bat., The slip drop of each of
the body composition was allowed to settle
on the b8t for two minutes, The droplet
that moved easily =s declared suitable

slip. The slip was stru ~ed through 80 mesh
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sieve and was poured into the mould to

~test casting behaviour. S

RIS é R
e g e e ’ ] _
o ] _
R

was gllowed to huild ap-alnst

the mould zavity for fifteen minutes. mhe_ﬂ

surplus sliy was

The 5liyp

roured out and the mould 1

was adrained for five minutes. While the

cast wag

|
e
\
.
E

zlloved %o shrink for thirty minutes
I
the waste slip wes trimmed off from the mould,

. The cast piece vag “emoved from the mould to |

| arv. It was neatly cleaned at the leatherhard

. B T SR _ l
; . B GO 1
PORCSITY ™B3T: . o o oo _c“~'\\
L oL .- . ‘.

Porosity test is impertant in - 1)
determihing bodies that have high and low W"\=
i

absorpiicn, D Jind the porosity of the - ||
‘seven body compositions, %

the study followed
the procedure below:- ‘_iiJ_,__ _

A bar vas nede from each of the bedy

composivions by 8lip casting., The bars :ii :
were dried and fired to 1280°%c. After r:#
firing, the pieces were weilghed then soaked ii
- S
in water for 24 heours then weighed asain., ?ﬁ
Fercent absoryiion was ¢eleulated using the ;.?l

~ . Kenny (Idig), Zormula to determine the %
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rorosity of the clay bodies,

3.7.2 SHRINKAGE TEST:

Shrinkage test was carried out to
find the linear shrinkage of each of the
body compositicns,

PROCEDURE:

The bars were casted from ezch of the
body compositions and a sharp 10cm scratch
was made nn each bar while in the plastic
state. The b2rs were carefully dried and
wet=dry shrinkage was determined as scon
as the bars dry. The bars were fired to

s o
900 ¢ then 1280 ¢ ~fter which shrinkace

wns determined,

The same formula used to calculatc the
dry and firing linear shrinkage of clay
bodies for this study was uscd to determine

the shrinkage of the seven body compositions.

3.8  PLASTER MOULDS:

The use of plaster of Paris is [ound
helpful. It quickly absorbs water from the
slip, forming a w211 that gives a specifie

shape. This property makes plasters of Paris
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most 1ldeal materisl for making moul-s
especially in commercial ceramics, lwoulds
are indeced indespensable in the reproduction
of pottery articles of similar shapes. From
the literature review, the correct
proportion of plastcer to water c2n best be
acheived through experience, However
different authoritics give varying
proportion. Primmer (1974), suggests 1.2kg
of plaster to 2 pints (1.23646 litre) of
water, While Gukas (1985), employed six
mugs full of plaster to four mugs full of

water.

For the purpose of this study, plaster
wos prepared by filling 2 medium sized plastic
bowl with water. Tho plaster was continucacly
sprinkled intc the water until 2 mould was
formed above the wnter surface. The plaster
w2s allowed to soak in water for 2 - 5 minutes,
The plaster was then mixed gently by
agitation of the mixture in oolir *n remove
aiy vubbles. A . creamy or thick paste
plaster was finally poured over the codel

to produce the mould.
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3.8.1 SINGLE PIECE MOULD (DROP-QOUT):

The modcl was made out of clay ~nd was
placed upside-down. A thick cardboard which
was sufficiently high and wide w=s used
round the model to sc¢rve as a enttle. The
base of the cottlc was senled with wet clay
well smearcd to prevent any spillave of
plaster from the slightest openninz, A
Jug full of thick plastcer was poured stendily
and smoothly on the model by covering it
with 2 thin film of plaster, The model
was then completily covered with the rest

of the plaster,

After the plaster had set for about

30 minutes the cardboard was rcmovod
carefully. The model was taken out from
the mould., The mould was cleed and kept

aside for two weeks to dry.
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Plate II: S1lip cas ting

The

= |

8lip remained in the mould for

15 mimites to form a wall, The surplus

8lip was removed and the mould was

drained in slanting position until all

the s8lip had drained out,
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Fig.5: Draining the mould at a
slanting position to remove
the surplus slip.

The mould was t-rned upWwarde and a knife
was used to trim the 1op edge. After 30 minutes,
the cast shrank znd was then taken out from the
mould. When the cast ware hardened, it was
cleaned and allovwed to dry ready for the bisque
firing.
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Fige.4: Trimming the mould top edge

with a knife.

GLAZE FORMULATION:

Based on the information from the
11 terature review, glazes are formula ted
from materials that are insoluble in water.
These materials are usually ground to a fine
powder and mixed together with the correct
proportion of water. Furthermore, glaze can
be expressed in percentage composition or in
the form of "melecular formula®™, However the
most important aspect is to know the behaviour
of the ingredients to be used particularly
under heat, In view of the highlight from
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the literature review, the percentage of the
ingredients &nd proportion of water was stated
from an arbitrary point. Four glaze recipes
were tested ag stated below:~-

LE 3,10 Glaze composition.

Materials Compositions

‘ 2 2. 4
Feldspar 50 50 45 40
Quartz 20 20 20 20
Kaolin 10 15 15 20
Limes tone 20 15 20 20

Source: Studio test (1988)

The glaze was prepared by mixing the
materials already weighed out in grammes with
water, Bach batch was prepared seperately and
ball milled for 4 hours. The slip after ball
milled was poured into the plastic bowl, The
glaze slip was thoroughly stirred. The bisquit
riece was dipped into the glaze slip, The glaze
on the base of the pot was wiped off to prevent
the piece from sticking to theshelf and then fired,

PIRING:

Two firings were done to the casted weres,
The first firing was the bisque firing of the
wares to 900°c., This was to harden and render the
wares porous so that the glaze could be applied,
After glazing, the bisque wares were fired to 1280%
in the glaze kiln which formed the second firing.
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CHAPTSER IV

A [SCUSSION AND FINDING

INTRODUCTION:

This chapter documents the analysis of
the results of tests conducted, These are
triaxial blend, shrinkage and porosity tests
as well as the casting and firing tests,
Also analysed in this chapter are the
formulation of glaze and glaze fit tests.

RESULT OF THE TRIAXIAL TEST:

The sixtysix member triaxial blend
test involving feldspar, kaolin and quartz
produced interesting results, All the

)
tiles were fired to 1280 ¢,

Tile 1 was 100% feldspar, being a
flux it fused to a crazed white mass, The
results on tiles 2 and 3 indicated the
presence of feldspar in greater quantity.
Tile 2 yielded a milky white while tile 3
produced a glassy effect with little
crazing. Tile Y4 and 5 produced milky white
with glassy effect. .
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Mle & melte’ into ~lass also with
little erazin- tnd tile 7 turned out hard
and dense 1roducins relative characteristics
found in tilaz 11, 17 and 18, These
compositions ~ove a brown with 1ittle
blveish tinze, While tile 9 appeared hard
and dense, tile 10 was also vitrifieéd with

the seme ouclities 28 tile 9,

M™les 12, 1% and 14 all apreared dense

and har? erh*bitinr milky white, On the other
hand tilec 15, 21, 28, 36 and -45 yielded white
showin~ a ironinence of guartz., Tiles 19 and
20 toraed ovnt write, MTiles 22 and 23 maintained
the iy oofrance., Trom tiles 24 - 26 anmd
31 = 34 et idliant pearly white was noted,
Thiae arzn w117~ the nost interestin~ result,
Miythav ora 720 27 and 28 both emitted white
Wat tinr iron “roeks vere glearly noticeable.
Yaolin 1wciinzree was noted on tiles 29 and 30
while *ilc %% juct epreared white as quartz vas

fore Tronouecd,
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From tiles 37 - J0 clear creamy wnite
was vividly seen suggesting the probable
presence of kaolin, Also from tile 4O - 4L
quartz overwhelmed the other materials as
such produced a fairly white colour, Tiles
46 ~ 50 yielded the same effect as found in
tiles 37 - 40O, consequently the area displayed
refractory behaviour. Tile 51 showed a
prominence of kaolin and quartz. However,
from tiles 51 - 55 there were variations
pertaining the effects due to the presence of
different proportions of kaolin and quartz
with only 10% of feldspar in each oI the
composition, This range did not show any
transparent and shiny appearance - but'
inotead produced grades of whitish effect,

Tile 56 was 100¥ kaolin as a result
it maintained the refractory quality, Tiles
from 57 - 65 were white and hard but the
fluxing characteristics were missing since
the compositions lacked feldspar, Tiles
66 was 100% quartz, It did not fuse but just
sintered which could be attributeq to its

refractory property.



Le1e2 RESULT OF SHRINKAGE AND POROSITY T3ES5IS:

TABLE L,13=

Shrinkage and porosity tests,

Shol Body | age % |age . % | tion, %

4 Bisque { 12807¢ 12807¢
1| T24 3 13 0,3
2 { T25 3 13 0.3
3| 731 2 12 0.3
4 | T32 2 12 0,3
51 T33 3 13 0,3
64 T3 2 12 0,3
71 11 | 3 1 1 5. 3

Table L,1 above shows the result of
shrinkage and porosity tests. The linear
shrinkage test revealed that body 1 {(T2l)
had 3% and 13% shrinkage at the bisque
and stoneware temperatures respectively,
Body 2 (T25) had 3% shrinkage a3t bisque
stage and also 13% at stoneware, while
body 3 (131, vecorded 2% 2nd 12% shrinlage

o]
at bisque and 1280 ¢ respectively, Body L

(T32) and body 5 (T33) gave 2% and 3%
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shrinkage at bisquit firing and also 12%
0
and 13% at 1280 ¢ respectively. Body 6

(T34) had only 2% shrinkage at bisque while
at glost 12% was recorded. Also body 7
(T41) had 3% and 13% shrinkage at bisque

and stoneware temperature respectively.,

The most interesting phenomenon in the
resuit was the similar shrinkage rate of 2%
each found on body 3, 4 and 6, In addition
12 shrinkage at glost firing was also
noticed on each of these bodies, On the

other hand body 1, 2, 5 and 7 showed the

same shrinkage rate of 3% at bisque and
o

13% each when fired to 1280 c,

The porosity test also made a
remarkable revedation. After the bodies
were soaked in water for 24 hours, all
the seven bodies tested indicated O, 3%

absorbtion each.
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4.7l RESULT OF CASTING TEST;

Body I:
Materials ! % Composition Weight (gm)
Feldspar 40 200
Kaolin 35 175
Quartz 15 75
Ball clay 10 50
Sod ium
oA 2
Carbonate.
Sodi
um di 5
Silicate.
Water 50 250

The slip after 16 hours ball milling

was left undisturbed for 2l hours, The
purpose was to check thixotropy, fluidity
and viscosity. The slip had settled during
the period but was stirred well and sieved
through 80 mesh. It was poured into the
mould and was allowed to form for 15
minutes. The casting rate was rapid., The
surplus slip drained out freely and after
20 minutes the cast shrank. The cast was

released easily.
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The good casting behaviour indicated
the correct choice of the proportion of
deflocculants used in the body. While the
plastic quality displayed in the composition
had revedled the role of a secondary clay,
Hence 10% addition of ball clay was adequate,
When the body was fired at 128000, it matured
nicely to a dense body.

Body II:
™~ ! ' T e
Materials % Composition | Weight (gm)
PUNUPP S ——
Feldspar 35 175
Kaolin 30 150
Quartz 25 125 |
Ball clay 10 50 i
Sod ium .
| carbonate, sl | i
Sodium A 2 ‘
stlicate. ‘
Water 50 250

After 2l hours rest, the slip benaved
similar to the first composition, It was
stirred thoroughly and poured into the
mould after the slip was screened through

80 mesh sieve, The casting was quick as a
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result the 15 minutes provided for the

slip to form was adequate.

The slip was drained well and the
cast was taken out freely., The plastic
quality of the composition showed thot
the ball clay introduced in the body was
sufficient, Furthermore, the percent-ge
and types of deflocculants used enhanced

o
fluidity., On firing the product to 1230 ¢,

it vitrified nicely yielding transpcrent

and smooth effects. There was no warpage

or any form of distortion.

Body III:
f o i
Materials %Composition Weight (gm)
Feldspar 30. 150
Kaolin 40 200
Quartz 20 ! 100
Ball clay 10 i £0
Sodium
carbonate 2 1
Sodium
silicate .6 3
Water 50 250 i
i
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There was settling tendency in the
slip after it was left undisturbed for
24 hours, It was stirred and sieved, The
slip casted well in 15 minutes, The
drainage was effective and plastic property
was noticed in the slip. The proportion of
deflocculants used and the amount of ballclay
in the composition appeared to have been
Justified since there was a rapid formation
of shape as well as the comfortable release

of the casted object,

The body when fired to 128000
vitrified well thus yielding smooth,
transparent and translucent appearance, A
portion of casted cup was chipped
deliberately and fired to 12800c, The idea

was to examine its resistance in that form.
Consequently, it did not show any sign of
warpage. The products made from the
composition produced & healthy sounc when

stouck, a test of vitrification,



74

Body IV:
L l '-j---- - e —

Materials ? % Composition Weight (gm)
Feldspar 30 180
Kaolin LS 225
Quartz 15 75
Ball clay 10 50
Sodium "
carbonate o 1
Sodium
silicate .6 3
Water 50 250

The composition had the tendency to
settle after 2l hours rest, When it was
stirred, sieved and cast, it yielded 2
good cast in 15 minutes, The drainoge of
the slip was satisfactory and the cast was
confortably released from the mould., On

0
firing the body to 1280 c, it gave good,

transparent and smooth effect. The ware
rung when struck suggestive of partial

glassification.
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Body V:
Materials ¥Composition ' Weight (gm)
Feldspar 30 150
Kaolin 35 175
Quartz 25 125
Ball clay 10 50
Sodium
carbonate o 2
Sodium ,
silicate = n 2
b
!
Water | 50 k 250
n ¢ .

There was no settling of the slip
when it was left undisturbed, it was
however agitated and screened through 80
mesh sieve, There was enough plasticity
in the composition. Rapid casting wvas
recorded and the excess slip drained out
smoothly after 15 minutes, When it shrank

the east released easily from the mould,

The good drainage and early release
of the cast coupled with the plasticity
experienced in the slip confirmed the

correct choice of deflocculants and the
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amount of ball clay in the body composition.
0
The body fused at 1280 ¢ becoming transparent

and translucent,

Body_ VI:

- - s

\ Materials | % Composition weight (gm)
Feldspar 35 175
Kaolin 30 150
Quartz 25 125
Ball clay 10 50
Sodium
carbonate o2 1
Sodius
silicate .6 3
Water 50 250

| s —

The slip settled after 2L hours rest.
It was however stirred thoroughly and
sieveds It casted within 15 minutes and
there was also a good drainage as well as
early released from the mould. Therefore
the plasticity and the amount of
deflocculants in the composition were

considered sufficient. The ware Was fired
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o)
to 1280 ¢. It produced glassy and

transparent effect, The body was

resonant when struck oM
Body VII:
L m.-q
Materials % Composition Weight (gm)
SN N |
Feldspar - 20 100
Kaclin 3% 175
Quartz | 35 175
Ball clay 10 50
Sodium
carbonate - o .& 2
Sodium .
silicate A 2
Water 1 50 250
' i

The settling behaviour was noted in the

slip, However, it was stirred thoroughly

- end strained. There was a good flow of the
slip as well a3 drainage. The slip formed
clearly within 15 minutes and the casted
plece was removed easily. The plasticity in

the composition was adeguate. When fired at

128000 the body produced transparent and

CMew

smooth effect, ° -~ . .. 3.7
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4.1.5 RESULT OF TV GL/ZE TEST:

RECIPE I1:

Materinls } % Composition | Weight (gn)

Feldopar 50 250
Quartz 20 100
Kaolin 10 50
Limes tonc 20 100

The batch was ball milled for 4 hourses
gieved throvgh 80 mesh and applied on the
pot then firel to 1280°% in the gas kiln.
The result showed a geood melt with white
and transparcnt, smcoth appearance. There
was no running bchaviour and other forms of
defects, Thc glassy effect was probably due
to the prescnce of flux in the composition,
Consequcntly, the proportion of feldspar
and limestonc which were the main and
auxillary fluxes respectively secmed to

have been anpropriate.
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RECIPE II:
Materials % Composition | Weight (gm) J
Feldspar 50 250 l
Martz 20 100
Kaolin 15 TS
Limes tone r 15 \ 75

The zlaze batch was ball milled for
4 hours, It was stirred thoroughly af ter
settlin~. The glaze slip was sisved and
the biscuit wvare was dipped, The glaze at
the foot was wiped off and then fired to 1280°%.
It fused with nice melt that produced white,
smooth and transparent surface, Hence the
choice of the material appreared to have been
accurate, since there was no shortcomings
such as crazing, crawling, running, dunt-

ing or chipping.

RECIPE III:

| MATERIATS ! % COMPOSITION | WEIGHT (GM)
Feldspar 45 225
Quartz 20 100
Kaolin 15 75

Limes tone 20 100
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The composition was ball milled for
4 hours, The glaze slip was stirred
thoroughly and strained through 80 mesh
sieve, The bisque ware dipped into the glaze

and when fired to 1280°

¢y, it vitrified and
produced a glassy, smooth and transparent
coat, Indeed this composition displayed
more glaszsy effect than the other glaze
batches. Jince there was no fault in the
glaze, it conld be deduced that the choice

of materials was adequate,

RECIPZ IV:

| Material ) & Composition | Weight (gm)
!Feldspar l 40 200

H )

| quertz , 20 100
%Kaolin i 20 100

{ Limes tone J 20 100

l

The glaze slip was sieved after 4 hours
ball milling, It was agitated thoroughly
and applied on the bisque ware. The glaze at
the foot was cleaned neatly and then fired to
1280% in the gas kiln, The glaze matured
with a good melt, It yielded transparent,
smooth and glassy appearance. The ware that
was coated thinly exhibited translucent
effect with this glaze composition, The
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correct proportion of the material appeared
to have been accomplished because no fault

was really observed in the glaze behaviour,

DISCUSSIONS:

Based on the analysis and observation
durins the formulation of a whitebody suitable
for casting table ware, about four of the
materials used for this study namely Kaolin,
quartz, ball clay and limes tone were
procurad frou Jokoto state, Feldspar being
the only material obtained from Kwara State,

From ihe outcome of the physical
mroperty test (table 3,1) it was observed that
the shrinkaze of kaolin of 1280°% was less
than secondary clay shrinkage but as for
porosity the liaolin absorbed more than the
secondary iclay. For instance kaolin had
the stoneware firing shrinkage of 9% and
also 9,1% absorbtion while Wurno secondary
clay had recorded 11% shrinkage at s toneware
and 3,3% absorbtion at 1280°%c. This result
thereforc formed the basis to speculate that
the more rlastic the clay the less absorbtion
and the less plastic the material, the more
its absorbency. Similarly the plastic
quality also determined the degree of shrinkage
of clay materials. TFor example, Rakwamni
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kaolin which had o low plasticity recorded
9% shrirkage nt stoneware and Wurno
secordary clay of good plastic quality
showed 114 shrinkage at 1280°%.

The sixty-six, member triaxial blend of
felds pe.s, maolin and quartz produced effects
that provided an adequate range within
which to select suitable bodies,

The nse of two parts of sodium é;l.rbonate
to two paris of scdium silicate and one part
of sodium carbonate to three of sodium silicate
gseemed to have been worked well. There was
no fault in costing ard drainage, Therefore
the varizd propor tion of deflocculants in

each body composition was suitable,

The tzsts conducted also revealed that,
the 1C» addition of Wurno secondary clay
improved the plastic property of the slip.
The introduction of the clay (Wurno) did not
impair much the whitenees of the bodies as
usually causod by impurities found in

secondary clays. %
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The result for shrinkage and porosity
test on table 4.1 was also of interest,
Bodies of the same shrinkage rate of 2%
each produced equal shrinkage of 124 each at
stonewarce iemperature as well as equal water
absorbticn of 0.7 . Also in a similar case,
compositionn that gave 3% shrinkage each at
bisque state displayed 12% shrinkage each
when fircd to 1280°%, The water absorbtion
of each of the bodies was 0.7% each. This
result showved that all the seven bodies had

the same water absorbtion degree.

It was 21so observed thaet the correct
amount of water contributed to the effectiveness
of the casting slip. The composition with
accurate proyortion of water would cast
rapidly., Thus confirming that the use of
250gm of water to 500gm of solid ingredients
for the study was appropriate,

Porcelain characteris tics were noted
in the portion where kaolin and feldspar
dominated quartz, while the area where feldspar
and quarts dominate kaolin, the oharactensﬁc
of porcelain was not clear due to insufficient

amount of kaolin,
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in aven~ there kaolin and ouartz vere
ore :wonourcw! then feldspar appeared
refrecterr, therefore required more feldspar

to h271: in e Toion of such compositions.

™a 4re-slrcent effect in the bedies
wag werhoys gontenovrent to 16 hours ball
~i11in-, & + % = of feldsypar and auertz
nged 4w tha fo-wlasticn, Todies that were
thinl:»r eagt nloo disylayed translucent

tehaviour,

™a pagrlt of the ~laze tests were also
ohnerved, Mo ~laze recijec produced nice
apd amaett aodinen end trantlucent melts.

otentials of these

. SR 30 S ¢

ol
.

Bagsed on t!

L1

studio tests and experiments

rorducte’ Tox TUh

Q

formuletion of whitebody
sui tatle Tor erotins tablewars, the following

" -y A 7o - -
£inlinon wero rifdet-
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Rokwamnni kaolin, Mayanci quartz,
Wurno clay and Kalambaina limes tone
were found to be of high quality even
in the absence of the chemical analysis,
Therefore, it could be said that Sokcto
State has potential for good quality
raw materials for the production of

ceramic wares,

O:zene feldspar from Kwara State

-

wac =~lcc found to be of good quality.
Thig firding is in the line with those

of Pedro (1987), and Umar (1988).

The glaze compositions appeared to
have fitted well on the formulated bodies,

The correct propevytion of sodium
carbonnrte and sodium silicate improved
the performance of the casting slip.

™o addition of 10% Wurno clay to
the casting slip made a significant
improveucnt to the plasticity.

Ball milling was found to be an
effeciive way for the mixing of

ceramic materials.,



1% a3 ohaerved that, the mould
hoonw Lunflective wi th continmous use
heeento of water sbsorption.

ma 1280°

¢ temperature was found
$0 he tlequate to yield dense, hand,

~lazay, and translucent effacts,

‘Tia ~us firing produced variations

o eolour 2P%ects due to the reduction

86

atiwn:here in the ¥iln, Yares that were

plaeC near the huvrners exhibited
elzrrer o _earance than those placed

-

oy o Trom the burners ani at the
oL s el e Nila, wodes (1959)
rifeliner thet "hite ~lazes fired in
orifrtica will have slizhtly creamy or
wors colour while thoze in reduction

i1l avd to be cool white or blue
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CHAPTER V

SUMMARY, CONCLUSTON AND RECOM/ENDATION:

e

.1 INTRODUCTION: o
- This chapter covers the summary,
conclusion and recommendation tmsed on the
findings from the studio tests and experiments
conducted. | '
5.2 SUMMARD: S
The rosult of +this research revealed
that, the raw materials procured are

suitable Ffor the formulaetion of white wares.

I
R PRI r
BT IR TIEIRE L S 8

The ovtcome of physical property tests
conducted to identify the raw materials in
the abéEHCé'of chemical analysis for
Rakwamni kawlin, Wurno secondary clay, ;
Mayanci gquaris and Falambdina limestone had
indiceted some encouraging rezults thet
dogcribe their state of purity and high
quality. The Oiene feldspar had also shown
interestinz vresult, It produced a glassy

and transluecent effect as such it could be

uged ag & main flux in ceramic productions,
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concluzions were drawn.

88

" An arca of feldspar prominencs in:tﬁe
tfiaxial appeared hard and dense. And where
kaolin and foldspar dominzted, havdand dense
bodies were also produced showWwing some
charac teristics of porcelain, The portion
of kaolin prominence gave whitish effect
but the sign of fusion was missing.

Te result also revesled that, f;';
reduction firing produced variation of white
but oxidized firing yielded clearer effects
in whitewvares, ' jﬂ
CONGTUSION:, |

Bagel on the 6utcome of the study for
the formulation of wﬂitebody suitable for

cas ting tableware, the following

1 .
b
[
1

Rakwamni kaolin, Wurno secondary
clay, Layanci quartz from Sokoto Jtate
and Qkene feldsgpar from Kwara State are

good quality ceramic raw materials that
could be used in the formulation of
tablewvare, Timestone from Sokoto State
can 4lso be a good source of whiting

for bodies and glazes. I"j
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The 250gm of water used to every
500gm of solid ingredients worked well,
Ball willing and sieving of the slip
before casting improved the casting

beheviour,

the total amount of deflocculants
in varicd proportion to every 500gm of
solid naterials were appropriate and the
10 2ddition of Wurno clay had greatly
improved the plasticity in the slip,

e vlaster of Paris was found to
be on indispensable material for mould
mal:in~ because it absorbs moisture quickly
from the slip, forming a wall that gives
2 sypecific shape.

RICOMM 37D 5TOL:

- . -

Congidering the significance of ceramics
in nation building, the researcher wishea to

me2ke the Tolloving recommendations:-

: I Federal Government should as a
natier of urgency support Universities
and Pelriechnics offering ceramic

courses financially., This will
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encourase them to prospect and tes%é
ceraiic raw moterials which will hopely

lead 4o the technological development
I
of the country. - ,

.2. The Federsl Government should also

sUpPoTT ceramic organisations such és
Ceramic Asgociation of Nigeria and
providin, members with research grantis.,
B o Joide 2 blue print on raw materials
will be produced which will form the
bagiy of ceramic development. I

i
i

j
|
i
P

3. Tio Federal Government shounld also
congidar ceramic graduates in its
recently introduced graduate loan acheme,
Cerainic Iandus tkies being labour
intensive will create job opportunities
for wiiilled and uunskilled workers af

es tablizhed, o b

bl
. b

4. The Federal Government should
mirchadse modern equipments for the

analysis of raw materials, It will
hely whe researchers to analyse Aand
document various materials. b
r
!
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5. The Depariment of Enﬂustrial Design
should rrovide more space end equipments to

2id students _in research.

6. Research institutions should exrplore .. .
effective wavs to develop loczl materizls in
ceramic producticn whick will reduce foreicn

. & dependency, L o

£
%]
[ €]
i
b
a
o

RICOMIM ENDATICN RO72 U TURE

The followins arecas are cocconrended for future

researchi- o S

: oy %:*‘si B : ! .

1. - There is nzed for further res=arch into
. . n
local naterials to produce deflocculants

to be veed in casting slips.

. L T . . s
B R i b

oo 2w If equipments were available, there is
need to know the chemical analysis of
Rakwamni keolin, Wurno clzy, HMayanci

guartz and Okene feldspar.

o . L Lo .
Belull . e L= B TR SR R g

A further study is reguired to determine

51.the tensile strength of the bodies ;y-iw¢i;

formulated in this study., - ST

Alsc furtler research 1is reguired into
the use of coprer sulrhate, ecobalt sulphate

which mizht 2id in whiteness.
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This appendix shows the plates of raw

and processed materials used in this study.,

Rakwamni kaolin




Kalambaina limes tone

100

Mayanci quartz
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QOkene feldspar.

Processed,

i
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ATEENDIX 11

L1
o
H

This appendix indicates the plates
the shrinkase test bars of the clay samples

and porcelain bhodies,

Shrinla~e test bars of the clay samples,
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APPENDIX IV
APTEIDIX IV

This appendix indicates the plate of tha

| gl -

fired experimental samples for the study.

——
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Mineral cxploration in Nigeria relevance

to ceramic production,

Mineral Location
Plateau, Bauchi, Oyo and
Kaolin
Sokoto 3tates.
Feldspar Oyo, EKwara and Borno States.
uartz Kwara and Borno 3tates.
Diatomi te Borno and Oyo Jtates.
Rock s-1% dintmbarn nnd Imo 3iates.,
Phos phi.te Benue Jtnte,
Bary tes Platecu and Gongola St te
Flourite Gongolr State.




Mineral
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Tocation

Alluvial gold

Primary gold

Primary tin

Alluvial Tin

Magnesiumoxide

Tead /Zinc/
Silver/3alt,

Dolomi te

Marble

OURCE;

-

Oyo, Niger, Kwara, Kaduna,
Sokoto and Bendel States.

Cyo, EKwara and Sokoto States,

Flateau 3tate,

Borono, Oyo, Flateau, Kano,

Kaduna, Bauchi States.

Gongola State.

Anambara State,

F. T‘ c.

Plateau, Cross River ard
Cgun States,

Nigerian Mining Corporation: Time for

patronage, Sunday Triumph, Septermber, 20th

1987, page 10,



