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SESSI ON,
1. Massi ve construction of dwellings is one of both the

federal and Ni ger State Governnents priorities and its being
pronoted positively. Wth the siting of the new federal capital
ABUJA at the door steps of Niger State and the availability of
ceramc raw materials within the State especially around Sul ej a
the former Abuja (Abuja pottery is internationally known for its
pottery wares because it was the only pottery Centre in N geria
in olden tinmes), concept of total ceramc project is highly
desirable. Apart frominproving the living standard of our

exi sting dwel lings, high demand for ceramc tiles and sanitary
wares can be expected follow ng the above nanmed progranmes.

This project when conpleted will also save |arge anmount of noney
used or spent on inportation of these products by utilizingN ger
State Ceram c Raw Mat eri al s whi ch has never been used on Industiria

base. In fact, this is the first ceram c project and the second

i ndustrial project in the State. There are enough reserves of
raw mat eri al deposits around where this industryissited. Apart
fromPlaster of paris or gypsumwhich is to be inported all other
raw materials are within a maxi numdi stance of 68 km even the

glazes are locally found in Suleja Local Governnent Area.



2. It has always been in ny mnd right fromny early years
Architecture Departnent to contribute trenendously to the

i ndustrial devel opnent of Niger State and the whole Country in
general. It is my wish also to make this country of ours self
sufficient in nodermbuilding nmaterials so that |iving standard
our existing dwellings can be inproved and save the | arge anount

of nmoney spent on inportation of these materials

3. The site for this industry is about 450m by 500m and is a
| ocated in Zone 'A of Suleja Industrial Area. The site is a
virgin land. In the first phase of this project about -3 of the
land will be utilized while the remaining 1-4 is for the future
expansi on of only production halls as | have nade adequate
arrangenment in the designing of Adm nistrative block and workers
facilities such that it can acconodate all the staff when the
industry is in full production, Mintainance departnent coul d
expand. The raw nmaterials to be used in the industry include
Cl ay, Feldspar, Linmestone, Silica, Kaoline, Plaster of parisor
gypsum quartz and the glazing materials while the products
include wall and floor tiles, lavatory pans, wash-hand basin
pedestal s, soap dishes, China sanitary wares, toilet reservoir

tanks, squarting close and their cinters, shower trays and bid

4. It is ny design concept to treat industrial design problens
Wi th utnost concern and give consideration to both the users

the machines. | do hope that the solutions to these problens
particul ar enphasis on ny project and the know edte | acquire

during ny stay in Architecture Departnment will be of great



I mportance to ne in the role | amto play as an Architect in
practice. To conclude, | also hope this project of mne is a
step forward in the right direction as far as ny Architectural
i deol ogi es are concerned, as it has been ny wish to becone an

| ndustrial Architect during ny professional practice.

Cheers, and nmay God bl ess you all, Anmen.

Pupi | Architect ADAMJ, Mohamed Abuja (B.Sc. Arch) Hons. A.B. U.),
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INTRODUCTION

The word Ceramios' has been realized to be generally mis-
understood as far as these associated with ceramic Industry are
concerned, A ILayman defines ceramies as pottery wares or
figurines. Since production of these items is one of the earliest
arts involving some of the old skills in history there has always
been a tendency to discuss Ceramic Industry generally in loose

or non-gcientific terms.

The word Ceramic has been derived from the Greek word
KERAMIKOS Origionally meaning burn't stuff or substance developed
with the aid of fire. One of the dictionaries defines ceramics
as the art and technology of making things of baked eclay, e.g.
earthenware, pottery, tiles, porcelain and others. One of the
Encyclopaedias says that "by ceramics is meant all production whioch
the final result is baked clay in various grades of hardness and
purity. Quite a large number of the recent ceramics do not |
include clay, and some ceramies are produced with out necessarily
requiring heat processing. Thus all the a2bove mentioned definition:

are gsome how incomplete or rather inadequate,

Ceramics may be defined as products made from non-metallic,

, in organic materials, generally speaking it, involves high
temperatures in their manufacture. This broader definition
includes all the early classic Ceramics and some newer ceramic
products. While most of the ceramics are produced from oxides and

silicates, many other refractory materials are now used,

I including beryllides, Carbides, silicides, nitrides, alluminides
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and the sulfides, Graphite can also be classified as a ceramic
material. Generally, ceramic materials posess quite a desirable
number of properties which are good tensile strength, high
compressive strength, great resistance to chemical attack and
weﬁfhering, excellent electrical resistance and very great
stability when exposed to high temperatures., Since there are so
many types of ceramics, the individual properties can be varied
from one to another, and this ie of great importance to both the
Architect and the product designer.

Ceramic products are encountered daily in the home and find
wide use in practically all types of industry. Ceramic products
in the house hold include; dinner and service wares, enamelled
cooking utengils, and the enamelled surfaces of the stove, sink,
dish washer, refrigerator, and washing machines, In the bathroom
things like wall-floor tiles can be found in addition to the
enamelled or porcelain fixtures. Electrical insulation and

refractories for the home furnaco are two other domestic examples,.

In design, Ceramic industry shall mine and guarry ceremic raw
materials, produce, sale and distribute ceramic products to all
parts of this great country of ours. As 55% of the existing
dwelling in this country have no tap borne water and over 80% lack
flush toilet facilities, this industry will produce largely the
following items: Sanitary wares of all sorts, wall and floor tiles.
Sanitary wares include things like wash hand basins, water closets,

squarting closes and their Cinterns, bidgets, Laboratory sinks and
shower trays,




With regard to naturc's ecological balance, there is no
effect what so ever being caused due to the removal of ceramic
rav materials from the ecarth crust as the used or rejected
ceramic objects sinks back with out causing any pollution to the
environment. Ceramics is once of the earliest arts to be develope
by man and continues to be one of the most essentinl activities i
the vorZd. These activities help to bring advancement =znd better

way of living which can cagily be felt in this our country.
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CHAPTER One

THE CERAMIC RAW MATERIALS

Part I
CLAYS

Clay is a general term for all those naturally occuring
earthy deposits which possess the singular property of plasticity
consisting essentially of the hydrous silicate of alumina.
Natural plastic clays were the only raw materials for pottery in
primitive times while in modern ceramics many other raw materials
play important roles, but the one played by clay is still the
major one, Clay deposite occur in almost overy part of the world,
They are of greatly varying nature, as no two deposits have the
same 'clay'! and it is very easy to find different samples of clay
from the same depogits differing in so many ways. Clay has so
many functions, it provides an inexpensive source of silica and
alumina in addition to that it also serves as a binder and as a
suspension aid, Clays generally retain their shape, after their
plasticity is distroyed, by the removal of water film which is
very essential to the interparticle bond, The dried clay wares
don't only retain their shapes but also acquire a fair mechanical

strength,

Clay are formed as a result of weathering of some primary
igneous rocks like granites, gneisses, feldspors, pregmatites, etc.
The weathering of these rocksis normally achieved by the machanical
action of water, wind, glaciers and egrth movements working together
with the Chemical action of water, Carbon dioxide, humic acids,

.llIlIIIlIllllllllllIlIlIl---lIlllII-I-l-lIIl--I----------l



- 1% -

ete, assisted by high temperatures. In some cagses the weathered
rocks remain in their originzl position, these are residual clays
while some are being transported by wind and are lknown as 'loess',
they are not stratified and have much more porous and crumbly
structure., And if the transporting agent is water, the deposits
are ugually in layers and are lnown as sccondary or sedimentary

Clays.

Although there are so many varieties of clays, they can still
be separated into three major types of minerals, moreover they are
rarely found in pure state but are usually accompaniedlby accessery
ninerals like quartz, calcite, limonite, gypsum and mscovite,

The three major classesg are listed below:-
13 Kaolinite AL,0,.2°10,.2H,0 or can be written as
A -
H4 L251205 or
(OH? 4AL, 51,0,
2., Montmerillenite (Mg,Ca) O.A1203.53102.nH20.

3 I11ite K20—A1203—8102—H20 (21l in variables)

KaOlinization of feldspar can be represented with the following

Chemical equation:—

Kzo.A1203.63102 + 2H20 + €0y ——mm—m A1203.23i02.2H20+4Si02 +
K2003
feldspar + water + Carbondioxidc ~——we-—— Kaolimite, + quartz +

Potassium Carbonate.
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For the fact that clays are never chemical compounds, materials
from different source are never identical therefore, particular
clays are identified by their sources and are being classified by

their general functions.

Types of Clays:

Various types of clays are formed as a result of different

geological, physical and Chemical conditions.

The followings are some of the various types of Clayg:

1. Kaoling: are the refractory clays consisting mostly of
minerals of the kaolin group which after firing, it becomes

white or nearly white colour due to their relatively high
purification factor. These very type of clays are, also

known as China clays because they were first produced in,
China, They produce the most tranlucent grades of China

ware and are therefore incorporated the finest products.

The Chemical Composition of Two Important Kaoling
(Approx. Porcentageg)

Kaolin 1 Kaolin 2
Alumina (A1203) 37 41 39.18
Silica (3102) 45,52 44,36
Iron (Fe203) 1.68 0.42
Calcia (CaOl) 0.004 0,005
Magnesgia (Mg0) 0.03 0.02
Manganese Oxide (MnO) 0.0005 0.005
Potassia (KQO) 0,005 0,002
Sada (Na,0) 0,011 0.01
Sulfurtrioxide (303) 0,13 0.18

———————————————
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Phosphorous Pentaoxide (P?OS) 0,00 0.10
Vater (H20) 1%.9% 14.09
2e - Ball Clayg: These are secondary clay, mostly characterized

3

by the presence of organic matter, high plasticity, high dry
strength, long vitrification range and a light colour when
fired. Due to the presence of organic matter and other
impurities these clays are not white in their notural state
ag the Kaoling, They are uscd in all types of white ware

with the exception of the finest China ware,

Pire Clays: These clays vary considerably in compoaition and
propertiea since they include practically all the refractory
clay, are generally not white hurning. They have low
colloidal content and thus relatively poor plasticity in the
green state., Some legs refractory fire clays contain fluxes

and are used for mortars and ladle bricks.



Chemical Analysis of some Ball and Pire Clays:
(Apprex. Percentages)

Ball Ball Ball Pire Fire

Clay (1) Clay(2) *  Clay (3) Clay (1)  Clay'(z

11203 31.98 30.93 32.47 36451 2301
810, 51.72 53.98 52.10 43,04 58,10
F9203 0.90 0,74 1.47 2420 2.?0
Mg0 0.19 0.20 0.55 0.51 0.95
Ca0 0.21 0.14 0.24 0.70 0.75
Na20 0.38 0.45 0.48 0.50 0.41
K50 0.89 0.72 2.20 1.05 1.75
710 1.52 1.50 131 184 1.35
Ign. Loss 12.29 11.40 9.13 13.72 11.10
4. Stone Ware Clayg: These type of clays contain feldspar

which reduces the fusing temperature and as ~ result dense and

vitrified products are obtained after bmrming, Pefore theae

clays were used to make stone ware but now-adays it is body

mixfgre of several other raw materials to provide better

oontrql in manufacture,
5. 8lip Clayg: These clays contain large propcrtions of

fluxes and iron.
6. Terra Cotta Clays: These clays have a sort of buff-colour

after buming. They constitute the principal constituent of
ceramics used in building construction, They are commonly
found in U.8,A,
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Bentonite Clayg: This clay is formed as a result of the
decomposition of volcanic glass. It is characterized by it
extreme fine particles. It is principally used as an
additive to provide suspension characteristics. This

property makes it effective as a plasticizer in refractory

mixes,
Other Clays:

Preduction
Generally speaking all clays are found on or near the surf::
as such they are mincd by low-cost open pit methods,.
Normally the top crust scil is easily removed by strippincg,
thus exposing the clay deposits. Power shovels and trucks
remove the clay.
In order to minimize or reduce the cost in trunsportation,
ceramic¢ plants, industries or factories are generally locat:
adjacent to clay deposits. Processing of ceramic materials
may vary from almost nonc as in brick clays production to
elaborate grinding and classifying of procecdures with some
fine Kaolins. The required characteristics are obtained by
selection of the source and by blending clay of the needed
properties,

opertie f C1
i C Colloids: The colloidal
properties of extremely small clay particles, are derived frc
the nature of the charges on particle surfaces. Most cors
properties of clays are related to the surface phenomena

arising from charges on the particles. The surface affect
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exist throughout the clay, but as the particle size
decreases the relative importance of the surface propertic:
increases, until a size is reached at which the surface £
forces predominate and in this case are unaffected by any
force due to the mass of the particle. hege particles
exhibit coloidal properties and it is on them that properti

of the clay as a whole depend.

o

. The flow Properties of Clays: Mixture of clay ond wator

show many types of flow depending on the type of clay and =1
on soluble additions made to the water, Although some cl
suspensions may appear to flow as homegeneous whick norm: .
show Newtonian - Viscous. Most clays when mixed with wator
tend to have an infinitely high viscosity at low shearing
stress which decreascs at higher rates of shecr. This tox
'plastic flew' and the graph obtained is either & curve
bending away from the axis of the stress and at the same %7
not passing through the origion,

When deflocculants are added a curve passing through th:

origion, very near to that of a viscous licuid, is obtair:
although the behaviour is never linear, Decflocculants arc

nothing but a mixture of chimicals used in keeping liquid in
suspended condition instead of settling,

b Plasticity: Clay is said to be plastic when right quantit:
of water is added to it. In this condition nearly any shape
could be achieved with out rupturing when prensure is avpl:
and as soon as the pressure is relensed, the former shapc

retaincd. The plasticity of clay, generally increases with incrv

in temperature.
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rmeabilit C : It is the ability of water to pass
through a layer of clay and this depends on the way partie:
are packed together, and on the water films adsorbed around
and in between the particles. The permeability of clay is =
major factor in the drying characteristics of a clay.
Afinity of dry Clay for Water: The clay's aifinity for watcr
is shown by the fact that heat is given out vhen clay is
wetted, Montmorillonite clay, which absorb reasonable
quantity of water has a much larger heat of wetting than
kaolinite which absorbs only a little water, Illite has an
intermediate value while fired wares generally have low ho:
of wetting,
Drying of Clay: Shrinkage normally occurs when moist clay
gradually gives up water to the surrounding atmosphere as :
result of evapouration. There after the surface begins to
appear dry and as evaporation continues to take place withi
the piece, little or no shrinkage occurs azain., At this PO,
clay is said to be in leather-hard condition. TMurther reduct-
ion in the moisture contents of the piece produces little or
no change in volume right down to dryness,

The general accepted explanation is that no further
shrinkage occurs as soon as the piece starts loosing water
through certain pores produced during shrink:ge,

Firing or Clay: When clay is strongly heated, an irrever-
sible hardening reaction takes place and this is another of -
features that has been basic to the ceramic industry in ecarl;
or primitive times. Briefly, on further heating dried clay

more water is given off and in due course a hard but porous
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piece is formed, Release of gasses may also give rise o
expansion but there is almost always an over-all shrinkage,
The whole series of these reactions is governcd by the
mineralogical, chemical and grain size composition of thc o' |
and therefore different for each clay.

Minin d tion of Slip:

Due to technological advancement feldspar can new be separ. |
from quartz and other impurities by flgation methods., In those
it used to be by only handly mining, This process has proved to
be the most effective method of producing large quantities of
feldspar relatively free from impurities.

The crushed, ground ofeis subjected to mrgnetic separation.
Continuoug, closed - circuit grinding mills are gzenerally used.

Peldspar is uscd as the principal flux in nearly all the
classic bodies and also used in glaze composition., The amount i -
be as small as 10% in porous bodies and much higher in dense, hi -
vitrified bodies, e.g. a dense floor tile may contain more than

50% flux, while dental porcelain may be almost all feldspar.

Tegts on the Nature of Clay:
a. Test for plasticity

b, Test for water of plasticity and for dry shrinkage.

¢, Test for the presence of lime

d, Test to determine firing range of clay and firing colour
by firing samples to various temperatures. Cones 08, O
‘1, 4 and 9 might be suitable intervals for the first teo

e, Test for shrinkage and absorption on samples fired to

various temperaturos,

f. Test for excess sand or other mineral frigments.




g. Deflocculant tests.
h, Test for soluble impurities.

Part 1II

GLAZES

Glazes are generally, thin mixtures of silicate fused on
surfaces of clay wares. In both their physical and chemical nature,
they are glasses generally hard, slightly or completely insoluble
except in strong acids or bases. It is impermeable to both liquid
and gasses. Glazes like glasses, are not definite chemical compound
but complex mixtures which are described as under-cooled solutions
sice many of their properties are analogous to those observed in
ordinary solutions. Generally the surfaces are rgiective, lustrous
6r glogsy and all gradations of glossiness or mattness could be
observed.

Glazes may be colourless or coloured transparent, translucent
or opaque. What ever the appearance might be glazes or similar
coating is uced to serve one or two of the following purposes:

(i) to render the ware impermeable to both liquid and
gasses

(i1} to provide an acsthetically attractive ceating or

gsurface which covers up blemishes and provides a

decorative effect.
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if Glaze

Glazes are classfied into the following groups:-

(1) Lead glazes formed generally from lend oxide,
perhaps as part of silica replaced by boric oxidc ¢
tinoxide and part of lead oxide by alkaline and
alkalies earths.

(2) Barth glazes made from insoluble minerals,

(3) BSalt glazes, the result of the action of the fur

of common salt.

Glaze Materials

Chemical materials generally compounded in the batching of
glazes are as follow:-
1. Bases; these are conspicuously fluxing agents which are of
the forms represented by the RO and the RQO. In ceramic
clasgification formula this includes the alkalies, the
alkaline earths and zinc oxide, lead oxide and many other
colouring oxides of chromophores.

24 Intermediates; It include amphoteric oxidesn, the 3203.

These are the classes of alumina, as a common example and %
which ferric, chromic, maganic and other oxides are someti;
assigned. _

3. Acids; These are represented by RO, classes, of which sil:

phosphoric oxide, Zirconia, and fluorine belong,

Mixing and Milling of Glazes

Formation of a homogenous mixture ready for apnlication *r
the ware, is the most important step in the preparation of glau:
k Except in the primite methods where by glazes are applied in tlv
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form of powder, and this method is seldom employed these days.
The international or universal method is to mix glaze ingredients

with water to form liquid suspension or slip. This glaze slip
must be of a properly calculated composition and consistency that
doesn't show any undesirable settling or separation in any reason-
able time of standing., The most essential conditions governing
glazes preparation are cleaniness and systematic order in thée care
and use of materials and equipment; thereby loss of time, labour,
and materials may be avoided., Further more, it is of psychological
effect of spurring the workers to be vigilant which is a prime
requigite in the production of good ceramic products. Detailed
preparation of glazes has been mention in the Chapter on Industry.

lication of Glaze
There are three methods used in the application of glazes to

ware and are named-wet, powder and gasseous. The first method is
that of which the solid suspension of glazes in water is applied to
a ware, The commenest method is the wet processes of glazes
application because they produce the desired thickness and uniformit
of the completed coating. The various ways employed for this

method of application are:
1+« Painting
2. Pouring
3« Immersion or Dipping
4. Spraying and

5. Contact Transfer




mmersion or Dipping method is the me thod com used
especially for portavle size and shape of ware és. This method
ig used in Industry f | rlazing of t ] spraying
md pouring are a ed in the case of i rVy wares as
they appear b rger 3ize.
Part Lyl

fYPSUM OR PLASTER ( PARIS
Essentially plaster ] ig not r b cnlecium sulphate
ihydrate with formul C 4 . Yo t is m rom chemical
or mineral gypsum, CaS04,2H,.0 which has fairly wide spread in
tcourrence, It is found in both pure state and with various
impurities which colour and modify the propertit of the plaster
' ‘:ll'i' 1rom }.:J..
7y psum, “‘;.){';1,.-.i:}\'3, MeWa172.18, Ca 4 19.1%, ), 20.9%
Plaster of Paris, CasO,+H,0, MW.154.16.CaS80,, 93%.8%,
F e
H,O, 6 ,2%
Anhydrite; CaS0O,, MW. 136.15 CaSu,, 100%.
4 4

The number of possible de tion products, make the production
of satisfactory plaster from gypsum more complicated. There are
two different types of hemihydrates namely and o€ /ﬁ
lTheatype normally produces much stronger and more satisfactory plast

Plaster is used in ceramic industrvy for three related PUTrPOSes =

1. Model making: This requires lens niform plaster which




3. Making mould in slip casting wares,

In the shaping of clay in plaster moulds the plaster plays a
dual role as doesnit only absorb water and there by make the clay
stiffer but the slight solnbility of the esleium sulphate in the
water accompanying the clay furnishes flocculating ions, both the
calcium, {Ca™) and the sulphate 50,7) ions being eficient
flocculants. Therefore a deflocculated casting slip poured into
the plaster mould is flocculated on the mould surfice to give a
gtiff cast. It is for this reason that a monld for casting slips
doesn't need tn» be more porous than one for jiggerings plastic clay:
and also thc reason why a casting slip will set even in a damp
mould that can not withdraw water from it,

Detailed processes for the preparation of mould has been
discussed in the chapter on Iniustry.

It is beyond the scope of this thesis to discuss the process
of DEFLOCCULATION, but commonest types of deflocculants used in
this Industry for kreping liquid slip in permanent suspension are
as follow:-

1. Sodium Silicate.

2. Tetra-Sodium Pyrophosphate.
3. Sodium Hydroxide

4. Sodiun Tannate

5. Sodium Pyrophosphate.
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CHAPTER 1II

KILNS

From a technical point of view, the firing of ceramic
object is a very simple process, and kiln is complex, dramatic,
exiting, endlessly fascinating in design, construction and op
operation, The process of firing ceramic ordinarily involves
gradual heating of the kiln to the degree of hotness needed
to work on the ceramic object(s) and consequently cooling it
again gradually back to room temperature, There is rarely any
prolonged holding at one temperature, as in the case of cake
baking. Generally speaking, ceramics require a rather slow
heating schedule, Much time is needed for the various reactions
to take place which change raw clay and unfused glaze materials
into the finished fired pieces of ceramic materials., Kilns
shouldn't only heat up and cool down evenly and the desired
degree of temperature but should also heat up evenly in all
parts of a particular section of the ware Chamber. Nearly all
kilns fire with a difference of at least one - half cone from
part of the kiln to another, but this difference can easily be
tolerated, While acquiring a new kiln for firing ceramic
objects, stone ware or percelain, so many things have to be
considered like kind of fuel to be used, whether to have kiln
permanently built or bring in a ready-made portable one to
the plaee, Kilns built in place if properly designed and con-

structed prove to be cheaper, work better and last longer than
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portable ones, As natural gas is readily available in this
country it is the most ideal fuel with regards to this
industry.

The design, construction and propertioning of kilns is
more cf an art than a science subject. There are lots of
mysteries and uncertainties about this, but existing success~
ful kilns are of so many varied shapes that it looks as if
any sh-pe c¢” i vork, Actually, there is a wide tolerance in
kiln designs, and if a few basic principles are strictly
followed the kiln will surely work well,

Elements of kilns:

() ~ A fire box, or fire mouth for fuel or gas burning,
It deesn't have to be too big but should be sufficient
to support large fire,

(b) =~ A chember where wares are being placed. The fire box
has a direct connection with this but perhaps with a
baffle, or at least a narrowed passage in between.,

(¢) - A fue or hole, to allow the eamcape of hot gas and smoke.

Materials for the construction of Kilns:

(i) Fire bricks:- Fire bricks are made from fire clay
and are sold under one of the three classification =
"Low-heat duty", "intermediate - heat duty" and
high-heat duty", These classes refer to the degree
of heat which the brick will successfully withstand

in service, The commonest shapes available are:=
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225 x 150 x 62,5 mm
225 x 225 x 62.5mm
225 x 62,6 x 62,.5mm

(ii) Insulating fire bricks:

This types of brick are made in such a way that cells,
pores or interstices of air are contained in the
brick structure., The bricks are usually made from
either kaoling or mixture of kaolin with other clays,
and there porosity serves as a damp to heat and
gives them a high insulating capacity.

(iii) Fire Clay Mortar:

This mortar is made from clay

(iv) Vermiculite:

It is just an expanded mica used for insulation,

Types of kilns

Te
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Electiic kilns:

These kind of kilns are normally being heated by the
radiant heat given off by electric elements which offer
resistance to the flow of electricity, It is the most
portable and convenient type of kiln to use,

Muffle kilns:

These types of kinds are accompanied with muffles to
protect the ceramic obJjects from direct flame of the

fire,
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(a)

(b)

(e)

(d)

2T =

Updraft and downdraft kilns:

— ——

In the case of this kind of kiln, the fire enters the
updraft kiln from the bottom, rises upwoards the ceramic
objects chamber and escapes through flue - at the topof the
chimney. While in the case of downdraft kiln, fire enters
from the sides of the kiln and is deflected by a baffle wall
which forces gases upw-~ds to the top of the kiln,

Tunnel Kilns:

They are the type of kilns to be used in this industy

due to their advantages over the previously menticned ones,
They are continuous kind of kilns up to a length of 120 metrei
through which the goods are passed on kiln cars, In these
kilns, the cars normally enter from one end and move slowly
with the help of automatic pusher machine towards the opposit
end and during this process, they gradually pass through
different types of heatine zones and finally come out well
dried or butnt depending on the puppose of the kiln and its
maximum burning temperature,

Advantages of Tunnel Kilns:

The ground space requirement is much less than other types
of kilns with same output.

The loading and unloading of goods is much easier and
faster compared to other types of kilns,

A saving in brick work cost is realized but it is counter
balanced by the cost of Cars,

All respcctive partes are always at a constani temperature,
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as such there is less tear and wear on the kilns structure,
(e) The whole fuel is used up effectively and there is
virtually no loss through the walls of the kilns,
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CHAPTER III

Part (I) Site Selection: S ¢ : 5 "

Izom which is about 35Km from Suleja along Minna - Suleja
road could have been the site for my Industry but due to the
fact that certain facilities are lacking I decided to site
the Industry in Suleja. Although Izom is a little bit closer to
the Major deposits of raw materials but all the same it will
make the Industry uneconomical by siting it there if other
conditions like basic facilities are considered.

Before siting an Industry it is very important you
consider its distance to the closest City or Town. like in
Suleja now facilities like, hospital, Postal Service, Tap
borne water system, Electricity, gas and other facilities have
already been provided, So by siting an Industry in Suleja, all
these basic needs don't need to be provided again unlike if the
Industry is to be sited in Izom, After all Izom is on the
boarder between Niger State and Abuja Federal Capital Develop-
ment Authority, so it is not certain whether the whole village
shall remain or be resettle elsewhere, Is a risk on Niger
State Government side to site this Industry there,

By siting this Industry in Izom it means erecting houses
for about 500 staff on the Industry, as the village lacks
accommodation facilities, this uneconomical, Apart from that

transportation system in the village is virtually absent
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and for the Government of Niger State to be transporting this
Industry's Staff from Suleja to Izom every working day and
during shift hours it is unwise and uneconomical,

The orientation of the site for this Industry with respect
to Suleja is North-west, this orientation saves the towd from
Industrial noise and pollution as other &ngustries will seen
spring up but as of now, this is the first Industry on the site
and virtually it doesn't have much of these mentioned problems,

The orientation of the Industry with respect to the site
is that the main elevations are facing north and south, This
is the Mst ideal orientation for both sufficient ventilation
and natural lighting, It alsc saves the cost of providi;g sun
shading devices as the angle of sun in these directions is very
small unlike the east and west elevations where it is the
opposite,

N.E.P.A. is Just a few mtres for this Industry as such
it would be very easy and economical to supply the Industry
with electricity, moreover there is going to be a stand-by
generator as I have already provided it in the design.

The Industry is not more than 7km from a national high
way linking both northern and southern parts of this country
with Abuja the New Federal Capital. The road starts somwhere
near Peugeot Assembling Plant in Kaduna and reaches up to Benin

via Suleja, Abuja and Lokoja.

River Iku provides Suleja town with water via water works
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through out the year, So to avoid water shortage this
Industry is situated just a few meters from river Iku where
water is easily accessible moreover, two water reservoirs with

capacity of 50.00m> each and a water Tower have been provided,

Part 11 Site Analys{g:

Climate:

While designing a structure, it is of great importance
to consider the climatic and micro-climatic factors of the
environment as they have unmeasurable significance on the
building structure due to their influence on it, The basic
climatic factors that influence my site are hereby listed and
discussed below:~-

(a) Temporature and Humidity:

Like all other parts of the Country, my site is experiences
two different types of seasons as a result of interraction
between regional temperature and pressure patterns and broad
global flow pattern created due to the sun's differential heat-
ing effect on land, forest and water., The two seasons are wet
or rainy season and dry or Harmattan secason. Wet season comes
up as from May to October due to the influence of south-west
winds which bring rains. The season lasts for a period of six
to seven months and this time of the year, it usually hot and
stuffy, generally as a result high relative humidy of the
moistened air, The over all hotness is however accompanied by

numerous instances of cool weather condition during and
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immediately after the rainy season. It is only during this
period, that truly refreshing and quite moderate temperatures
prevail,

Dry season commences in November immediately after rainy
season and last up to April the following year. The season
comes up as a result of the influence of North-Easterly Winds
or Harmattan which is usually dry and dusty with a relative
Humidity as low as LJ0-50%., Afternoon, Harmattan temperatures
result into cool, sometimes cold nights while early morning
conditions record an appreciable dinuval range. The site has
a mean annual minimum temperature of about 70-72°F and mean
annual maximum temperature between 88-90°F, No clouds appear o
the skies during dry season while rainy season is witnessed
with thunderous clouds on the skies,,.(i.e. the tornadoes of
West Africa), There is very high heat generation before and
after the rainy season, possibly due to clouless skies as

mentioned earlier and the dry air.

Design Implication:

The Industry would have been oriented North-Bast =
South=West in order to achieve maximum ventilation but
due to other site factors like topography, Drainage pattern
and solar radiation, North-South orientation appears to be
ideal because most condition are being satisfied to some
extent, Ventilation can also be achieved mechanically by
making use of electric fans and air conditioners, Protec-

tion of buildings,
e v S I SR T T T W 1 1T W 1
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against harzadous Harmattan winds can be achieved by providing
shutter at vent openings, by minimising the number of openings
exposed to the general direction of these winds and also hy
sufficiently landscaping the whole Industry which 1 have done,
(b) Rainfall:- .

EE Suleja town is within the Savanah mid-climatic belt with
a range of S0" -~ 60" of mean annual rainfall, The rains
normally fall during the massive movement of the moistened
South-Westerly winds from the South-West direction. It begins
te rain as early as April and stops raining by October,
North-Fasterly assumes duty for the remaining part of the yeaf
till next rainy season, Farly rainy season is characterized
by thunder storm and short spells of heavy down pours of rain-
fall, unlike the middle and towards the end of the rains when
it is usually quiet and prolonged, The late rains are as

stormy as the early ones,

Design Implications:

As a result of heavy storms feundations, columns, beams
and roof structures are properly designed to avoid the peril
of toppling, and buckling of these structures. Roofs are -
provided with rain water gutters and pipes for proper drai-

nage.,

(c) Solar Radiation:-

The sun path diagram for my site generally follows a
basic East-West direttion. This exposes Eastern and Western

elevations to the aggressive Solar radiation influence,

. -
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These harzadous sunny effects are felt mostly during the mid
day and afterncon periods when the sun is in the over head
position. |

Design Implications:- ' - .

Due to the fact that this Industry has two shifts, morning
to afternoon and afternocon to evening, I provided sufficient
sun shading devices to take care of the angle of the sun from

7.30 a.m. to 5.30 p.m, when the sun is no more strong. External

walls are sufficiently isulatcd to minimise heat transmission,
for exémple in the production Hall I provided aluminium
cladding inorder to reflect most of the angles of the sun
incident on the wall, Roof covering is also aluminium to serve
' the same puppose as above. Sufficient landscaping has been

provided to counter-act glare effects.,

(d) Vegetation:=-

The site liecs within the Southicrn ™ainea Savannah zone
which is basically on open wood land with scattered few ever-
green trees with umbrella - shaped canopies. Savannah grasses
are as tail as two to three and a half meters. Very few trees
survive the dry season with substantial amount of leaves on the
while all trees remain evergreon for the period of wet season,.
Most trees here have an average height of 6 meters, The
commonest types of trees in this area are sheabutter, mangoes,
melina, isoberlina, locust beans and oil bean trees. A few
number of palm trees grow on the river banks. All grassess her

die off during dry seascn except those by the river banks or
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Design Implications:

{i I have planned planting of both trees and grosses for
both aesthetics and checking of wind and erosion effects,

(e) Topography:-

Is the over all description of things like terrain,
Lvalleys, rivers and roads etc., of an area, Topography has
'strong influences on the force, direction and moisture content
of the air,

' Ag earlier mentioned this project site lies within
Lcontours L7 and 459 at interval of three meters., The terrain
is relatively flat with less than 4% slope, The site's sube

_dued relief is associated with various types of erosion
Fsurfaces as a result of weathering. !Most area of this vast
land is placed on basement complex rocks, consisting of cryst-
alline rocks of granites, granite-greissess, pegmatites,
subordinate mota-sediments and migratites., The remaining land
around the site is covered by Cretaceous sediments of Niger and
Benue river basins, consisting of an upper clay  and lower

Nupe sandstone strata,

Design Implicationssw=

P The drainage netwerk of this industry is such that natural
drainage pattern is strictly followed. Building orientation

is such that distant beautiful views are observed from the

main elevations. There are series of mountain ranges and some

valleys a few kilos from the site,



- 38 -

(f) Soil Structure:-

Dominant red colour ferralitic soils on loosy sand sedi-
ments; Ferruginous Tropical soils and fersialitic soils on
crystalline acid rocks, Most of the land around this area
lies withing alluvial plains very good for agriculture while
the underlying rocks are granitic in nature. Even the
clayey material on chemical analysis, as such the workmanship
for the foundations should be properly done as the structural

calculations have already been done,
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eHAPTER -
THE _INDUSTRY
Basically my Industry is divided into three parts and the,
are listed below:

(a) Main Hall Production Part: There are two main Hall produ
areas, one is for both wall and floor tile while the othex
for the production of sanitary wares. Two storage facilit.
are attatched on either end of the Production--Halls - one
for the storage of raw materials while the other is for ¢~
storage of products.

(b) Workers Facilities: This includes Administrative block,
Canteen, Changing rooms, Common rooms and Mircl Ald room ar
hospital is very near to the factory no need providing a
Clinic.

Services:

\¢) This includes, Mechanical, Elcctrical and Capentary work-
shops, tuel and water services,

Space Requirement:

(a) Production Hall and Storages:-

- Wall and Floor Tiles)
; Production Halls

- Sanitary Wares

Raw Materialsg:-
- Kaolin

- Clay

- Feldspar

- Quartz

~ Glazes

= Gypsum
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-~ Water )
- IMaels Storages.
- Qils

-~ Defloculants

(b) Workers Facilities:

Adminigtrative Block oo coe

~ Entrance Lobby
- Receptionist/Waiting/Show room

- Managing Director, Secretary and a Clerk
- Deputy Managing Director
- General Manager 1 Secretary and
- Assistant General Manager

- Personnel Manager 1 Seeretary and

S e et e el e S P o

- Sales Manager

- Sales Representatives

= Administrative Secretary
-~ Parchase Manager

= Purchase Clerk

- Principal Accoun’ant

- Accountant II

- Accounts Clerks

- Ilabour Officer

~ Registry or General Office
~ Clerks (8 - 12)

~ Survey Officer

-~ Mining BEngineer

- Mechanical Enﬁineer S
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- EBlectrical Engineer

- Clerks (2)

- So0il Engineer

- Factory Officer

- Public Relations Officer

- Clerk (2)

- Production Manager

- Assistant Production Manager
- ILaboratory/Lab. Technicians
- Clerks (2 or 3)

= Technical Officer

- Draughtsmen

- Conference Room

- Staff Meceting Room

- First Aid Room

- Toilets for Senior/Junior; Male and Female Staff

- BStores

Social Facilities:
- Entrance Lobby and Cloak Room

-~ 2 Common Rooms
- Canteen

-~ Kitchen

~ Out Door Kitchen
- Jtores

- Foreman's Office

= Male Changing room with Toilets and Showers

- Femal Gha.nﬁinﬁ room with Toileiﬁ mg ﬁhgm;ﬂ —
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(c) &uxj-li-_@_-_-‘ﬂ" Services: cor .. L ...

~ Boiler House

- Generator room/Transformer

- Switch Box room o £

— Electrical Workshop/Stores

= Mechanical Workshop/Stores

~ Capentary Workshop/Stores

= Vehicle Service and repair garage
- Filing Station | |

-~ Timber Storage.

Parking: _
~ Bicycle or Motorcycle shade . (350)

~ Parking for Trucks bringing raw materials (16)
- Parking for Trucks delivering Products (20)
-~ Staff and Customerg Car Parking - {40)
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ey i . THE INIUSTRY REQUIREMENT

-  Raw Material intake for Sanitarywareg Produotihn
: Elements - - Drily - | Days Yoekly Specific
) S Consump- a Week Consumpe Consumption
i tidn tion par Ware
1. Raw Material

- Blip prapars— ¥ ' v
; tionm © 19,500kg 6 117,000kg 17Tkg/ Yare

-~ @lazes prepa- L . -
§ ration 1,100kg 6 6,600kg fkg/ lare
2. ™ , '
{ QEEI%é%' L 5,160kg T 36,100kg
30_ ﬂghﬂr :.- . K g e
: (Industry + '
i Portable) . | 100w 6 600m> 0.1m Per Ware

@, Bleotricity | o

i « For Freduc- | ”
| tion Instal ,
: md auxilary 4,900kwh 7 34,300kwh 4 . Skwh/ware
!5. laster of Paris|l 5,112kg 6 30,672kg 5.01xg/ware

i_;-ié The moat bulky raw materials is the slay and thia ias

‘:brdught 3 days per week by 16 tippers each unliecada in the siles
oy boxee on Mondays, Wedneadaya and Fridays, The alip preparasion
Yakee place almogh daily while tho glases ia prepared a¥ intverwal

of two days, The products deliveyy by vens is doily apart from
® Sunday, |
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Raw Material intake for Jall and Floor Tiles

|

- - - --—.

Blements Daily Days Weekly 3pecific |
Congump- Week Consumption Consumption
tion as per 18qg. |

. mater of -
i Tiles
-
]
'1. Raw Material
E - S51lip prepa-
| ration 56,000kg 6 336,000kg 1 2kg/m®
| - Glases 4,660kg 6 27,960kg 1kg/m’
" 2. Raw 0il
' - Spray drier 280kg 6 1,680kg
' = Kilns 8,280kg 7 49,680kg
’ 51,360kg 1.01kg/m°
3. Watexr
Portable) 50m> 6 300m> 0.01m° /m®

1. Electricity
(i) for produc-

tion Instl.
(a) Motors 9,296kwh 6 55,77 6kwh

_ (b) Kilns 2,709kwh 7 18,963kwh
: 74,73%wh 2,64k ,w.h/m°
: (ii) For instal

of extra

services 252kwh 6 1,512kwh 0.05kwh/m®
5. Deflocculants 1,500kg 6 9,000kg 0.51kg/m2

WRANIM 55
WA W
.bi)/" -~
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PROIVCTION P cees o

Production Machinery Iist for Tiles Production:

A -~  Raw Material Crushing and Welghing 3ectiont

(i) ~ DMechanic oil blade for transport of ray materials .
- 0.5 Cubic meters capacity _ _ _
(i1) ~ 1 Installation for the weighing of many Components of
H. raw materials. | | o
- Balance with 3,500kg Capacity
- Register of dally welghing
- Byx fecder of 6m length
- Power inst, 15 H,P.
. (441) - 1 Raw matcrial pounder, humidity of 3 - 4%
-~ Thig machine reduces clay to pieces of picces of 25mm
-~ Capacity 15,000kg/h
i =~ Power Inst. 20 H.P,
'(iv) - 1 Fixed Belt conveyor
J? = Width: 600mm |
} =~ Iength 4,500mu ' - - o
- Power Instal; 0,5 H,P,
“(v) = 1 Belt conveyer fixed and Inclinable
- ; - Length: 24, 500mm
- *F - Width: 600mn
| f - Power Instal: 3,0 H.D.
(vt) = 1 Belt conveyor and inclinable
- Iength: 4, 500mm |
- Width: 600Cmm -
'~ TPower ingtal; 0.5 H.P.
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{(vii)

. J_uﬁ -

- § Fixed and Taclinable Belt conveyor
~ TIength: 10,000mm L .
~ Width: 600mm '

- Power Inastal; 2 H.P.

~ Slip Preparation Sectiont

Lty )

(1)

(41)

(iid)

(iv)

e

6 Ball Mills of 16,000 Litres each 7,000kg can easily
be discharged by compressed air (including the internal
covering and milling Silex load)

Total power inst; 300 H.P. : |

% Millg platforms 16,000L. = - S h

1 Waber-meter with dosage wvalve for the mills load

1 Movable electric tally, one rail with motor car,
Power inst; 4 H.F,

4 Vibratory «ifteras 600 x 900mm for slip Tontrol

Total power instal; 1.5 H.P. | _

3 Transferer pumps for glip from storage tanks to épray
tank. '

Capacity 9,000 L/h each

Power Inst. 15 H.P.

4 Cement tanks with Internal covering of green tiles for
slip retirciment, discharge by the mills. | |
Capacity 50 cu. meters each

4 Agitators with blades, to be used in the above mention
tanks.

Total power iﬁét; 4.5 H.P. _ ’

1 Metallic tank to I'eed the Spray Drier, cruiped with
agltator. T '

Power dnat: 5 HeP.
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- Capacity 4m3
(x) = 1 Vibratory Sifter 600 x 900mm with perm mnent magnet
for the slip control.
- Power inst. 0.5 IL.F.

C - Spray Drier and Powder Storage Section:
(1) - 1 Spray drier (drier for the production of the powder

to be pressed to form green tiles)

Technical Figures:
- EBvapouration power 2,000kg/h (Water evapouration)

- Water quantity in slip 40%
- Termic consumption 900k, cal/kg of evapourated water
- Power inst. 140 H.P.

The Spray Drier is made up of the Followins Clementg;
(a) = Drying Camara in steel structure, internally covered by

inox. steel equiped with glass weol between the intermal
and external parts.
(b) - Tubulation for hot air and tubulation for discharge
(¢) =~ Heat genorator
(d) = Cyclones
(e) =~ Exhauters and diffusers for cooling
(f) =~ Pendular Valve
(g) - Humid air Ventilator
(h) -~ Sustenance Structure for the Cyclones drming Camera
(1) -~ 2 Feeder pumps (one on reserve)
(3) - 1 Conjuct of Sprayers and injecters
(k) - 2 Blectromagnetic Hammers




(1)
{m)
(ii)

(1ii)

‘(iv)

(v)

(vi)

(vii)

(viii)

(ix)
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1 Discharge Valve

1 Electric Panel

1 Vibratory sifters 600 x 900mm to control power
Power inst. 0.5 H.P.

1 Fixed Belt conveyor

Length 9,000mm

Width 600mm

Power inst. 1 H.P.

1 Cans elevator of 17m for the transportation of atomized
powder

Capacity: 15,000kg/h

Potency; 7.5 H.P.

1 Belt conveyor, movable and reversible

Length: 6,000mm

Width: 600mm

Power inst. 1 H.P.

4 Metallic Silos for powder storage

Capacity 100 Cu. meters each

8 level indicators for the above mentioned silo
(4 of maximum/4 of minimum levels)

3 Extractor Vibrator dosers to be used in the 4 above
mentioned silos

Total power inst, 6 H.P.

1 Fixed Belt conveyor

Length 12,000mm

Width 600mm

Power inst, 1,0 H,P,
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(x) - 1 Vibratory sifter 600 x 900mm for control of the powder
to be pressed ‘

- TPower ingt. 0.5 i.T.

(xi) 1 Fixed and inclined Telt conveyor

~ Length 22,000mm

- Widgth 600mm

“f — Power inst. 2 T.F.

.) - 1 Novable and reversible Belt conveyor
- Length 21,000mm

- Width 600mm

" -~ Power inst. 2 H.P.

D -~ DTile Pressing Section:

(1) ~ 4 Automatic presses (2 each for wall/floor tile
h bodies) with mill receptacle, service, platform, mode:
retiring pilers, pannel control and resulation of the
models ftemperature.
= Total power inst, 250 H,P,
(11) = B8 Level indicators for the silog pressce (4 maximum

and 4 minimam levels)

B - Drying and Burning Svction:

ot {1) - 1 Continuous twwmel dricr working to recuperate the

hot air of the cooling place in the tunnel kiln,

Iechnical Yirmreg | B
1\. DRI . N . P . C e e merr —

- }ength: Q2 OO0 M. — e e - " o T
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(iv)

< B0

Forseen drying cycle 48 hours approximately
Meximum temperature 130°C

Power inst. 46 H.P.

Continuous Tunnel Kiln, with oil heating

Technical Fizures

Length: 92,000mm

Useful dection of Load

Width 1050mm

Height 1020mm

Cars working in the kiln: 38

Load on the Car (one) 222m20f 150 x 150 x 5.5mm of
wall and floor tiles.

Forseen burning cycle 48 hours approximately

Forseen buming temperature 1020°¢
Max. burning temperature 1150°%

Daily production 4,000m°

Consumption: 980 k.cal/kg of net product

Potency: 89 H,P,

4 Transferer cars to carry the little kiln cars from
the drier to the tumnel kiln

Little wagens for the drier and kiln with metallic
part, refactory and isolating.

Little wagons in drier: 38

Little wagons in kiln: 38

Little wagons for a storage of 36 hours: 26
Iittle wagons in circulation and maintenance: 8




(1)

(i1)

(1i1)

(iv)
(v)

(vi)
(vii)

(viii)
(ix)
(x)

(1)

(11)

- N -

Glaze Preparation Section:

Balance for weighing of glazing raw m-terials
Capacity: 1,500kg

2 Metallic recipientsg, movable with whecels for the
glazing material loading.

1 Electrical tally, moveble with car on one rail
Capacity 2,000kg

Power inst. 4 H.P,

2 Metallic platforms for the mills lo~ding

4 Ball Mills, 5,000L Capacity and are able to be
discharged by compressed air for milling the compon
of glazes.,

Total power inst., 80 H.P.

1 Vater meter with doser, for loadings the mills

1 Pump for the transfer of glazes

Capacity: 2,000L/h

Power inst, 2 H,P,

7 Metallic tanks with blade agit-tors

2 Vibratory sifters 300 x 500mm to the glize contro>
4 Little cars with inox. tank

Capacity: 420L. eisch

Glazing and Glaze Burning:

4 Autematic tubular enamel, 94m length + 25m for
the little wagons loading to be put in the tnnnel -
Potency: 115 H.P,

1 Tunnel kiln, oil heating, for the enamel burni- -
of the tiles,
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7 Techuical Fisuros
K - TIongth 91,750mm
- Useful loading Svetion
~ Width 150ma
- Iedigbth 1,150mn
- Littlelwagons in the kiln: 55
;5 ~ Little wagons for 48 hour's stornge mnd reservation: 205
' - Total Little wagong: 260
~ Charge on one little wagon: 47.5m2 of tiles 150 x 150

x 5.5mm | |
;_ '~ DBurning témperéture 980°C ;'L
| = Max., burning temperature 1,150°%
-~ Burning Cyclc 15 hours 30 mins,
= Daily Production 85 little wagons equivalent to

4.037m° of tiles (wall and floor).

-~ Congumption 1,100 k.cal/kg of ligquid load

-~ Total power inst; 80 H.P.

- (iii) - 222 Little woagons for the Kiln with metallic part
o refractory

- Little wagons in the Kiln: 55

- Little wagons in Circulation and meintenance: 15 .

- Little wagons for 48 hours storage: 155
(iv) —. 4 Transferver Cars able to transport 2 wagons at a time

(v) - 2,678 Moters rail lines TR-25
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(1)

(i1)

(1)

(a)

(b)
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Choicing and Packing Sectiong

2 Chocing line Compounded by

1
1

1
1

Fecding Pard
Part for handly choice by 2 persons
Part for packing

Part for Card boxes

Power inst; 4 H.P.

2 Pillers by oil

Capacity 1,500kg each

Technical Fisures for Installation:

"%

Electrical power: 220/380 V,

Frequency: 60 H,

Sections

For Production Ingtallation |

Raw materinl crushing and weighing

Slip Preparation

Spray Driecr

Presgsing

Drying and Biscuit Firing

Glaze Preparation

Glazing and Burning
Choicing

~Eor Auxiliary Ingtallationg
Total (a + b)
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(iii)n 031 Neéesaity
i - Inst, Capacity: 430§5f?_
 Lh S Security 20% o :
; - 0il Calorific Tower 10,000 k.cal/kg

(iv) Water Necessity
- Installation Caprcity 50m2/h there is Industrial

water, a pression of 4kg/m2approximately.

N I T TRy

TECHWOIOGICAL PRODUCTION PROCE3S OF TIIES

Raw Materialg:

The raw materials will come to the Indusbry by tippers aboutb
fGLin number, The raw material goes to the balance with the help
of mechanic blade. From the balance it is carried into the ball
mills via belf conveyors or lifts and it is also passed to the raw

material pounder before »eines carried into the hall mills.

31ip Prevparation:

Y The ball mills arc covered intermally by silex. “hen raw
material is already in the ball mills, Caleculated nuantities of
both water and deflocculants arc added. After milling for a
gpecified number of hours, the slip is discharged with the help of

compressed air through the vibratory sifters into the gtorage tanks

which are equiped with agitotors., From the storage tanks, slip is

 transfered with the help of membrane pump, through the vibratory

sifters into the feeding tank of spray drier. The vibratory
sifters are equirz? ith semplete magnet. The slip is carried out

of the tank by the pump of the spray rier,

CUEm
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Atomizing end Powder Storame:

The liquid slip is dried and reduced to powder by the
"gpray drier". The powder is carricd into the atornge silos with
the help of a fixed belt conveyor through the vibratory sifter,
The silos are equiped with indicators of levels max/min. and with
dosing of discharge extractor, The powder is carried from the
silos to the presses silos with the help of belt convenga and
one movable and reversible belt conveyor, The granulux;ﬁdze of

the powder is checked by a vibratory sifter,

Pressing of the Tiles:
From the silos, the powder is fed onto the automatic presses

provided with stampers. At 400 atmospheric pressure floor tiles
are being produced by two presses while the remaining two presses
produce wall tiles at 300 atmospheres but are called green tiles

at this stage. From the presses tiles are antomatically piled up.

Drying and Burning of Green Tiles:

The piled up tiles are carried in little wagons into the
d rier and then into the Kiln for both drying and burning
respectively with help of transfer cars. After burning the little

wagons are sent to the enameler where the tiles are discharged.

Glaze Praparation:
The preparation of glazes is the same precess ns slip

preparation the only difference is that of storuge. In the case

a-ll VN2 on e adasenmn S seea d - -
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through sifters provided with permanent magnet for checking,

Glaz Glaze Burning:

The glazing is by ~vtomatic glazers complete with serigraphic
headstocks for the tiles decoration. At the end of the glazing
lines, the tiles are carried monually into the little wagons of
the tunnel kiln for burning the glaze. The little wagons for
burfning the glaze are taken by rails and transfarrer cars till
the entry point of the kiln.

The burning takes place in tunnel kiln, internally refractory,
The tiles are carried in boxes, fixed on the cars. After coming
out of the kilns, tiles are cooled and later retired and discharged
manually ento the choicing desks.

Choic d Packing:

The choicing is also done manually., After packing and
locking of tiles in boxes, they are sent to the Storage area by
Pallets and Pilled up machincs,
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PERSONNEL _(Tiles Section):

57

SECTIONS Days a | Turps by|Employ- | Total
Week Day eces by | Emplo-~

Turm yees

(a) For Production

Ingtallation

Raw material crushing and

weighing 6 2 2 4

Slip Preparation 6 2 2

Spray Drier 6 3 1

Pressing 6 2 10 20

Tiles Drying and Burning 7 3 3 9

Glaze Preparation 6 2 2 4

Glazing 6 2 20 40

Glaze Burning T 3 . 9

Choicing and Packing 6 1 12 12

(b) Por Installation and B/F 105

Auxiliary Scrvices

Maintenance 6 3 4 12

Various Services 6 1 2

Turning Change 6 1 8 8

TOTAL

127
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Production Machinery list for Sanitary wares Productiong-

Al

A2

(1)

(1)

(11)

(ii1)

(iv)
(v)

Raw material Crushiqg_ﬁection:

1

Raw material pounder

power inst. 15H. p,

Raw material Weighing Section:

1

Fixed balance with out Improssor, for raw
material weighing

Capacity 2,000 kg,

Metallic recipients

Capacity 1,600 kg, each

Movable electric tally, one rail with meterx
Capacity 2,000 kg,

Power inst, 5 H, P,

Mechanic blade

Little wagon with rubber wheels



(1)

(ii)

(111)

(iv)

{v)
(vi)

(vii)

(wviii)

(ix)
(x)

59

Slip Preparation:

1 Water meter for quality control of water in
the mills complete with electre valve,
4 Ball mills of 16,000L each for raw material milling

able to be discharged by compressned zir. Complete
with intermal covering and milling silex load.

Power inst; %0 H,P. each

2 Membrane pump for the mills dischrrge,
Capacity 9,000L/h each

2 Storage cement tanks

3

Capacity 14m” each

4 Agitators turbines for clay mixing.

2 Membrane pumpe for the storage tanks discharge
Capacity 9,000L/h each _

2 Vibratory sifters for the slip control, 600 x 900mm
complete with magnetic separaters,

4 Mixing tanks, cvlindrical and subterrancan, for
8lip homogenization,

Capacity: 48m3 each,

Agitator blades for tanks before being exposed

2 Membrane pumps for the discharge of slip from the
mixing tanks to gluing section.

Capacity: 9,000L/h each,

Glazes Preparation Sectionyz



(1ii)

(iv)

(v)

(vi)

(vii)

(viii)

(1)
(i1)
(114)

(iv)
(v)
(vi)

(vii)
(viii)

(1)

60

2 Ball mills of 3,000L, completed by internal
covering and milling streatite lead.

2 Ball mills of 500L capacity each completed by
internal covering and milling steetite load

2 Membrane pumps for glnzes

Capacity: 2,000L/h

8 Tanks for glaze storage completed by blade agitator:
Capacity 4m3 each

2 Vibratory sifters completed with magnetice
separator of 500 x 300mm,

20 Cylindrical recipients, Omx.stell, 50L each for
the transpertation of glazes directly to the storage
tanks, for glazes pulverization.

Gluing o™ Casting Section:

380 Wood tables for pieces gluing

60 Wood tables manual turn bench for picces finishing,
i1 Colum mixing machine, immersion type for slip
preparation.

1 Emery machine for the pieces finishing

15 Buckets with discharge registers.

2 ILittle cars with wheels for the hondly transport

of the buckets, complete,

1 Centrifugal pump, immersion type

Complete conjuct of toola for this section

Confection and Storage of Gmpsum Moulds:

1 Fixed balance for gypsum weighing



(i1)

(iii)

(iv)
(v)

(vi)
(vii)
(viii)
(1x)

(1)

(11)
(111)

o o 081 & & &

1 Agitator with vertical axle for gypsum mixing
moulds confection.
6 Steel movable recipients with wheels for the
grpsum storage.
Diameter 600mm
Height 750mm
4 Tables for the moulds confection with marble caver:
30 Wood tables for moulds gluing
Dimensions 2000 x 750mm
{1 Transport cars with "forks" for moulds
1000 Wood pallets
1 Drier moulds, operating with hot air from the kiln,
1 Complete conjuct of matrixes for the gypsum
moulds production,

ece ing Section:
1 Aerial transporter to take the pieces from the
gluing section to the glazing and inspection section
complete by electrical installation and automatie

lubrification.

Technical Figures:

Total length of transporter: 1,500mm apprex.

Space between balance: 1,625mm

Medium lcad in each balance: 100kg.

1 Support conjuct for the above mentioned transporte:
923" Balances of metallic structure and wood floor

for raw pieces.



(1)
(i1)
(1i1)

(iv)

(v)
(vi)

(vii)

(1)

Inspection and Glazing Section:

6 Cabing for inspection and cleaning of raw pieces,
4 Glazing cabins

3 Rotative tables for glazing nQd rotative tables
for the positioning of the pieces,

10 Glazing Units, spray type with prcession tanks
raw pieces glazing comprising of:

Pression tank of 50L capacity

Pulverization pistol, special for ceramic glazes
12 Pistols of compressed air for inspection cabin
25 Wood tables

120 Storage recipients for glazes pieces

(48 hour storage)

Burning Section:

1 Tunnel kiln for sanitaries burnine invitreous

Technical Fimures for the Kiln:

Kiln's total length 67,100mm

Useful dimention of load in a little rnp:
Width: 1,400mn.

Height: 750mmn,

Length 2,135mm

Cars working in the kiln: 32

Pieces in each car: 18

Exercise tempcrﬁture.i,ZBOOC

Maximum burning temperature 1,280°C
Burning Cyclec 24,00 hours

Production during 27 h. of continuous work: 650
of vitreous China sanitaries.
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Combustible: O0il 63

Consume: Like the burning conditions above mentioned,
the consumption will be 2,100 k,cal/kg of set product
in the kilns,

Tolerances 10%

55 cars for the kiln, 52 of which are to be used in
the kiln while 23 for 10 hour storage,

Material for the Cars

metallic structure and retative parts
mansory

car borundum plates,
1,34y meter rail lines TR = 25

Choicing_and packingfsection:

1 Installation for hydraulic tests of sanitary vessel
and bidets, to be done by Customer.

1 Belt conveyor for the selection and classification
of finished products.
length: 20,000mm approx,
width: 600mm

1 Car with wheels for handly transport of pallets
100 Wood Pallets with lateral supports to transport

the finished products to the storage area,
Retification finishing machine of bidets and sanitary
vessels:

vertieal type.
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(vii) Retification and finishing machine of lavatory
basins and columns:

- horizental type.

(viii) 2 Pile up machines (diesel)

- Capacity: 1,500 kg.

TECHNOLOGICAL PROCESSES FPCR THE PRODUCTION OF SANTTARIES:-

Raw material storage section:

The boxes provided are used for the storage of raw
material kaoline and clay: quartz and feldspar. The total
area is calculated to receive the different types of clays
from different geographical location. Two of Kaoline, Four
of feldspars and Quartz Three to Four different types., They
can be stored for a maximum period of two to three months.

One box is reserved for gupsum while two are for the
glazing materials, The raw materials is weighed with the
help of balance from there is sent to slip preparation
section via an electric tally or a 1ift,

o

S1lip Preparation:

It is the same process as in the case of slip preparation
for the production of wall and floor tiles. K

Gluing or Casting Section:

This section is compounded with many tables, to support
the gypsum meulds, in which is injected the liquid slip.
On these tables, open and close the moulds operation takes

place which liquid slip injected inte the moulds under pressure
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with the help of rubber tubes and special registers.

Confection and storage of gypsum moulds:

After adding correct quantity of water to weighed amount
of gypsum, it is then put in a vibratory sifter with vertical
axle, After the mixing process is over, the Can is sent to
tables to prepare the moulds, Tables with marmel cover, for
gluing of moulds, rotative tables for the finishing and for
the washing and cleaning of Cans, The moulds are transported
to an appreciable drier by pick up machine, The temperature
and humidity air control of this drier is such that perfect
dried moulds . d obtained.,

Raw pieces drying Section:

The fused pieces before being sent to the glazing
section they are dried first with the help of dispersed heat
from the kiln., With the help of bascule aerial transportation
system, the pieces are carried to the burning section and

finally returned to the inspection and glazing section,

Glaze preparation:

It is the same technological process as in the glaze
preparation for the production of wall and floor tiles,

Glazing and Inspection Section:

The dry pieces are removed from the earial transportation
system and carefully inspected by the operators, in cabins
provided with section equipmente and powder collector, After

inspection, the pieces go to the glazing cabins, equiped
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with glaze recuperator and a suction system., The glazing is
done by compressed air pistols, continuously fed by pression
cans, with the glaze proceeding from the glaze section. The
glazed pieces are put in wagons near the kiln service line,

Burniqg of the_g}aze:

The burning takes place in Kiln of oil burners and the
little wagons are put on the Canal of the Kiln, Maximum
burning temperature is 1,280°C, Some ventilators keep the
aspiration and exhaustion of the gases, the Jjet at the exit
and entry, hot air circulation and the quick cooling of
the pieces, The number of wagons are the normally used once
plus storage of 36 hours., There is a switch controlling the
temperature and other techincal figures of the kiln, The
continuous entry of little wagons into the kiln is maintained
by an automatic ail dynamic pusher,

Choicing and Dispatching Section:

The pieces are transported from the kiln to the choicing
tables which are based on the quality control and hydraulic

test operation,

PERSONNEL (Sanitaries Section);:=-

Section Chieves:=

1. For slip and glaze preparation,

1. For gluing or casting section,

% For confection and storage of gypsum moulds,
1. For inspection and glazing section,

B For burning section,

1. For choicing and delivery,
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Installation of production and auxilliary services:-

Work turn and hand work:

Slip and glaze preparation section

1 work turn of 8 hours, 5 days a week

Gluing_or Castiné_Section

1 work turn of 8 hours, 5 days a week

Inspection and glazing section

1 work turn of 8 hours, 5 days a week

Mould preparation section

1 work turn of 8 hours, 5 days a week

Choicing, Storage and delivery section

1 work turn of 8 hours, 5 days a week

Burning Section

1 work turn of 8 hours, 5 days a week

Charge and discharge of the kiln cars:

Kiln operation -« 3 turns of 8 hours, 7 days a week

Total Number of Forseen Personnel for this section:
200 - 250 persons,

Examples for the daily intake of raw materials

(Nigergrob ceramics Ltd, Abeokuta)
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Part I: Raw Material Bupplys-

i Suleja as already mentioned is where this industry is
located and practically almost all the neocessary raw material
are obtainable within a maximum distance of 100 km, The raw
m;terials obtained include ball clay, kaoline, limestone,
feldsper, sand and even some of the glazing materials are
locally mined, while gypsum or paster of Paris is to be
iiﬁorted together with modern ;lazing materials, Mining of

these materials has never beon carried out on industrial scale

but within a techincal know=how of the consultants that

]
;-

carried out the survey assured the Niger State Government that
the materiala can be usedte produce both sanitaries and
wall and floor tiles.

: The plants Maximum Cgpacity is between 18,600 = 19000
tons per year of raw materials appro:‘lgtely. ind these
gifures have been further broken down to the following:-

1. Ball clay L,600 ~ §,000 tons approximately

2, Kaocline Clay 2,000 = 2,200 tona approximately
3. Peldapar 2,000 - 2,200 tons approximately,

N Limestone 1,600 -~ 1,800 tons approximately

5. Silica Sand 9,000 - 1,200 tons approximately
6,  Red Clay 5,000 ~ 5,200 tcns approgimately |

'? All the above listed materlals are obtained in the
following placesj Abuchi, Dangara, Stada=Ball Clay; Dadi,

Dansnrs -~ Ksolimes Burum, Takushara - Feldspar; Limestone



- -
Ghendon? Conpostiont "
[--— e - ---|-- - - - - - - - 'l
| s : - - m
* '.--1#_.—-- - - - - - ."1'
b 751 62.02 | 16.88 [ 6433 099 | 1.0 3.451_0.95 0.C°
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liincrel Conpositions
Scricite in . vory snall gquontity
Felapar in ~ very sncll quentity
O .5z is ~n very a lorge quantity
Firing Choractoristics:
| Piring Tenper-ture °C 1050 11000 1150 1200
' Shrinkoge % 3.4 4.4 4.8 6.8
Water lbheorption % 9.0 Te2 5«4 2.2
' l Bending_Stng;ﬁh_Kg/an 12 92 __q116 181 o
| L () 42.3 38,9  354.4 | 32 ;
| n
chrornesicith™ (-R) | 47,4 14,0 11.9 8.1 )
|
. ) (b) (B-Y) | 16.5 12.1 1040 Sal o
Sumnery Svoluctions

(1)

This elry is very spacial onc, it contains both Secricitc

and felds»mar. There is lorge content of }?6203 (2bout

C3%0)

nd on firing it turns strongly reddish.
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(41) 'The pirsyieity of the olay iw wny Lirge ond Le voRpp

gsuitabl: ~s a plasticizer, but its high Iron content
nzkes it unsuitable for vitreouw: table ~nd toble warcs
although it is suitable for sanitory wares, wall and
floor tilec.
«=I (b) Dongzora Clay
Location:
The clay deposits is situated in 2 village called
Danoara ot 2bout 48 kn south of Sulcja 3% of Suleja Pottery
¢lay cones fron these deposits.

Chenical Conposition:

- - o — . —— g ——— - % = »

| TgeLoss | 810, |.1,05 | Fe,05 | Cal0 |i1g0 | K,0 |H2,0 | T30, Total
b - e R———— . p—

1 }

- -—

Miniernl Conposition:
Quartz

Mooline

E‘iri_l_'zlg Charactoristics:

i_Firing Terperature °D 1050 | 1100 | 1150 1200 |

i Shrim:c‘..ge_ % 1.1 1.7 3.0 4.5

| Water absorption % ) 16:0.“- 195.7 13.5 11.2 o
i Bending Strength Kg/Cn2 41 62 92 118

} L (%) 8242 | 8345 8346 8344
|Ghromnticity (2) (G-R) 168 | 143 0.8 044

| (b) B-Y) 6.7 | 740 8.8 3.5
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Jumnary Bvelutrtions

(1) The clay ie very sutable a8 2 plasticizer for
ecarthuores wall tile bedy naterial, judging fron
its chenical composition.

(i) Becunsn of its white firinz chromoticity due to low
F203 content, it ic sutlable for table wares and
sanitories, It can also be used a8 & glazing
noterial, as ite plasticity is very large.

a-I (e¢) Mallun Karo Clay:

The deposts of these nmaterials, is situated at this
villase ~nd its less than 10 kn north west of Sulej> ny
industry site. 411 technical data's are the sane as those
discusscd for Abuchi Clay above.

A-2 Suleja Laterite:

Loction ond Ore deposits:-

Deposits are loecated within Suleja towm and it provides
colour stain for Suleja Pottery Gentre.

Chenic:l Conposition:

- - -

i )
llg, Loas| 810, A129} Fezoi Ced | Mg0 Kzo‘iﬂao TiO2 { Total
i

S

e -

La.'zz 48.511 13.04 | 27.60 |0.23|0.2] 0.72]0.08 | 0.58 | 99. :

IHineral Conmposgition:

Quartz

Geothite and Hematite
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Junary 3Svaluations:

Duc to geothite contents in the laterite it can not bhe
used for the Hroduction of tiles and table wares but it is
suitable as 2 colour stain due to its hish 1.5'0203 eontent.

13 Abujn Silicote Stone:

Iarge deponits of silicate stone are found within Sulejo

environnent and it is used as glazing noterial by Suleja

Pottery Centre.

Chenical Conmposition:

- -

- - e -

. -

| Ig.Loss! 310, |41,0, | Pey0, | a0, Mgl | K,0 | Na,0 | P40, | Total

&——-w#mJFﬂﬁ. - —— - e S————— g———————— .- - =

| 0.32 98.63 | - Tr w b ow | - - - 198.95

- —

- - .- - -

Mineral Co:mposition:

Qartz onlye.

Sunnary Bveluations

(1) Uigh purity silica stone with preciticilly zero Iron
Fe,0.) content, 8 is nost suit~ble for glizing.
("‘20)) tent, this i t suitnble T 1.z4
A=4 _Burun Feldspar

Iocation and Ore Deposit(s):
It is found in large deposits, about 60 Kn south of

Suleja in Wiger State but new belonss to the Abuja Federal
Capital Develonrent Authority. Suleja Pottery Traing Centre
uses this feldspar for glazinz after proealeining. No nuch

information is 'now about the minercl and minin-z quantitv.
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Chenical Compostions

| Ig.Loss | 810 I.Al 0, | Fe,0, | Ca0 | M20 | X,0 |Na,0 | Ti0, | Total
| == 2 | e 9 2 2

3 2 2
| 0.80 "{4.51' 15.18 | 0.08 - \ - | 0.32 L-7.08 - 93407

ineral Composition:

e —

Albite
Quartz
Firing Choracterintics:

— ﬁ-‘-.‘r B
| Firing Tenperature ¢ 1050 { 1100 | 1150 1200
: — PR —— P -1.-._,-_..,1. -.—.._..HL,...___._.----_.-..
| Water Absorption ¢ 19.5 | 15.0 | 0.6 Qe
| Bending Strensth Kg/Cn° 6 62 | 254 375
— . At 8 A D A —— A —— B B dnart o x
L (%) | 94.2 |93.9 | 87.0 673
PSS S e > S oo b
Chromaticity (a) (G-R) 1.6 0.6 0 0.5
i (v) (B-Y) | 547 41 3.0 345

Sunnc vy dvalution:
(i) PFeldspar is one of the raw materials and consist of
high grade albitc.
(ii) Having a melting point of 1,120°C, it is a suitable
naterial for vitreous products. It is also uscd 28

#lazing material.
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#£=5 Takushare Fcldspor

ez S’ O Doposits:

The Ore depootits are situited, south of Suleje at a
distance of about 100 km. Suleja Pottery Trcining Centre
ccdecs uwe of these naterials as jlazing mete: inls. Availaole
informetion is lacking as ropgierds to the Ore reserve and nining

quantity, etce.

Chendcal Compcaitions

Dt el .-1.-- - e e R

'Ig.LouS 810, | 41,05 | Fe,y0; | Cad | g0 | K,0 (Nay0 Toial

2 273

* - - e e o — - . wow

Minerel Comoskiion:
Ortheclase

Suanery Bvalnation:

1. An Orthocl~se of high purity
2, It has a variety of usen, as 2 body matorial ond glagoes
for tiles, sanitary waro and table ware,
4-6 Shanagu T le
Loeation and Oxc Deposits:
This nineral is deposited to the sourth west of Sulecja at
o distance of about 30kn. duleja Potiecry Training Centre use
these materials as its glazing materials. lo detail information

about the ore reserve, ning, etec. iz availadle,



Cheniczl Comosition:

H1P—. '—1‘-—' - — e A— A A———— - - - . .
| Ig. Loss 3102 A1203 Fegﬂ.,) “n0 Mg0 h 20 Na O T102 Toual
! 7.41 52.28 1 3.75% T7.70 | 1.52]24.190.,57|0.12 | Tr 9754
ineral Compocition:
Tale
Montuorllenitie and Al-Chorite
Firing Charocveristics:
| Firing Temperature °C 1050 1100 1150 12
Bending Strenth K{;/sz 153 155 %25 473
Shrinl.’.age ‘;:; 243 23 2408 -
Water Absorption % 1249 12.9 1.4 o
L(%) 55 o1 5142 44 41 59
Chromatiecity (a) (G-R) 158 17.2 103
fooin o oe -
(b) (B-Y) 17.0 15.8 13 .1 Je5

1.
2.

Low grade tale, has hizgh F0203 content.

20% of red quarry tilec body ean be this material.



&7 _Kwaluti TLinestone
Location and Ore Deposit:

Orc deposii is located in Rwaluti north west of Sulsjz

2long Sulejo - liinna road at a distance of about 45,

Suwnary Bvaluation:
1.

Chendgal Composition:
- . [ .
Ig. Lons|810, A120 Fezo.j CeQ . MgO »1320 ‘Na2 Tob .
- e l 9”.
34.59  [13.60 | 0.21 | 0.18 | 37.76] 12.20 = | o
A B > B A A - - - —— - -
Mineral Conposition:
Caleite
Dolomite
Chlerite
Pireing Characteristics:
Firing Tenperciurc og 1050 $100C 1150 1200
. -— - —-—.---»----—-P—.-—. - -
Shrinkege % 0.9 3T 4.0 10.1
Water Absorption % 57¢8 | 5340 43 o1 40.0
Bending 3tren~th Kg/Cn® 16 38 50 7
L (%) TTeT| 1545 7348 7145
(b) (B-Y) 11.¢ | 11.9 11.7 11.:
s - —— - -- e 2= e - - - -‘-L-

810, and 0.18 1"0203 results into its low purity.

Contanin~tion due to presence of dolomite, chlerite, 13.7"
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2 The Firing Chrometicity is strongly vellowish, b = 11=12
and is Tor the production of whiie body tile, less than
10% is added as the limit.
48 __C.C.C. Linmepouder:
Location and Orc Deposits:

The naterial is got from C.C.C. Linestone kawkuti after
it has been crushed and screened by City Construction Co., Ltd.

ready for sell. The powder is normally under size.

Chenical Compositions

| 1a § | Ves T
iI;_,.Losa 3i0, |A1,0; | Pe,05 | Cal Mg0 Ne,0 | K,0 Totnl.
| 35453 |11.53 [1.19 | 0.63 |43.97] 5.0 - - 98467
.Jldnexal Cornmosition:

- Caleite

-~ Dolomitc

- Mica

Sunazry Evaluation:

i\ » Higher Ca0 content and low Mg0 content in powder compared

to original limestonc but th: powder is of the sane
grade (Low) as the limestone.

<+ A8 with limestone, addition of this mineral to body
meterial is less than {0%.



i

Location:

—

Depostts are found near water reservoir and filtration

plant on the north west of Suleja at a distance of about 65kn

fron Sulcj~ along Suleja - Bida road.

In this area the surface

soildconsiits of silica and sand, underneath which lica strate

of silicilic clay.

estimated to be morc than 10 meters.

Chenical Composition:

The depths of silicr clay in this area is

r.-“”ﬂ ‘--—---—1--—-—-——-‘—---—”---1—'- o - -
| . e
iIg.Losu 3103 A:LZO3 r9203 Ca0 Mgz0 K ano 110, =
.{ A— - . - s arafe wwa W W & - - - .
e -—L----c e - - - SN S ——
Mineral Composition:
Moztly Quartz
Felopor in a very snall quantity.
Firxinz Charagberistics:
| Firing Temporatur °¢ 1050 | 1100 | 1150 1200
| Silrinl(&go % 0-5 0-‘1-. 0-4- Ol4
| Water Absorn‘tion % 1102 10.3 1003 909
l - R S e e S - o w -
| Sending Strength Kg/Cn® 1.17 17 19 22
- - _|r....... - -
(%) 6743 63.7 | 60.4 61,4
| Chromaticity (a) (G-R) 8.0 1.4 10.1 7.1
i e
t (b) (B-Y) 22,3 23.6 23.3 | 21.7
nnary svaluation:

1.

The clay's richness in 8ilica content i8@ more than 80k.
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Less than 10% of this clay can be added to the body

materia for thae production of tile and sanitary ware.

2, Veriation of Shrinkange, water absorption, Strength, aad
Chromaticity is small when firing temperature is wiried,

it thus gives stable result.

Part II: HMar'et or Demand forecast:-

Below arc the statistical data gnthercd by me from a boolk
written by some group of consultants, The skeletal demand
forecast for both sanitary wares and ccramic tiles is estimated
proportionally to the number of houtes or dwellings by the housli.

and other building programnes.
(2) The housin; programme by the Nigerizin Government for

1975--1980 development period sives the followin: daua.

Total 12,256,000/5 year.

Year i Million Growth R.ic
1975/176 237459 1.0
1975/71 - 346 o 43 146% ..
1977/18 447730 1
1973/79 556475 125% ...
| 1979/80 668432 1205
1930/81 802,50 1206 ..
1951 /52 947400 L, -




There is a sone
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~how high rate increase of 20-25% in

sxpenditure yearly but, when annual inrease of about T in

construction cooct is considered, the met increase 1is estimoted

at 13-15. 200,00 will be constructed all of which are to

he low cost.

The followinez is the Total nousing investment including

_]rim‘t‘e .

(b) Planned and Projected investment in buildings.

| - e o

I Year Growth Govt. Invest- | Private invest- | Total Tvood

' m'nt in Build ment in Build-- nent in Tl

l inz 77 million ing 77 million ing in o m

l 1976 /71 - 346 1,498 1,344

| 1977/78 | 12¢% 447 1,898 2,345
1978/79 124% 556 2,344 2,9u1

| 1979/80 | 118” 668 | 2,062 L. 3430 .

| 1980/81 | 127% 802 ___ 3471 4,219

1 1981/82 | 2% 241 L..4a242 5190 ;.

Private investment is almost 4 times the Governneant

investment

and increases at a very fast rate of 20=2%% amuall:’

of the buildin~ investment, we need to estimate how much
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ceramic products is nced. Clark ceramic consultants give

1% for conversion of the buildin~s investment into dem~nds of
ceramics, while according to Danto Co. Ltd's data, the

import durin~: 1976 of ceramic tiles and sanitaries io:

Ceramic tile 1'8,500000 approxin . .tel:
Sanitary ware 16,000, 000 "

—— — - - e S — W —— - ™ v m

Total ... 314,500,000 spproximatcl
against 1,844,000,000 for the total housing investmant to

ve the ratio of 0.78% approxinately. 15m? of ceranic tile
P

is being used per house of low cost housing now uner
construction in Kaduna arca. The Governnents budget Tor lou
cost housing siven in the programme is 310,000 per house
approxin-tely, and the pric: of 15m2 of ceramic tile i=

15m2 * i."f/m2 =105 per house and this gives a ratio of 10%.

It iz not ensy for me to give data other than low cost housing,
but the ratio of 1% seems to be reasonable as the averaze for

all kinds of houses.
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Total demand for Ceremics (¥ million)

4 & % o

p -

Demand in il Million

-

Year Government | Private Total Grovth Rote
1976 /77 3 064 14,98 18,62 -
1977/78 447 18.99 23 445 12655

| 1978/79 | . 55T 22444 _ 4 29.00 . 1..__1245
1979/8Q . ...6.68 ___.1_ 2762 | 34432 119, .
1980/81 3,03 2417 L 42020, L ___123% . __
1981/82 9047 42443 | 51.9° 123G . ..
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Ceremic demand in 10 nortacri soates wheoe e Lo
fron thic industry are expected to be sold and the esitimated

demand in Wigzer State where the factory is situated are as

floows:
(d)
Year 10 Northern State ¥ Million)
1 _(a)Public (b) _Private 4 Total
1975 /77 2,40 T.38 1038
1977/75 . 2.52 10.10 12,62
1978/79 | 3.03 12.45 15.48
1979/50 3.60 14.67 18.27
1980/81 4.29 18.14 22 .43
E1 981 /82 5.10 .' 22.49 | 27.59 N
.‘ Niger 3tate in (# i1illion) |
“le-'-‘r o (a) Public | (v)Government Total
1976/77 0.27 0.51 0.78
- piviont A0S, [N SRR [l S
1976/78 0436 0.65 1.01
_'1-9'?8/79 0 5 0.80 1.25
1979/80 0.54 0.94 1.48
1980/‘81 0.65 | 1416 1.18
1981/82 - 0.78 o84 1 2.22

The figurcc abowve shov thot the total sharc i; 10 Norxrthern otc*
k is 52% and that their consumption level in 1930, the
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roject with o yeariy increase rate of 25%.

The figsurces for Uiser 3tate alone is ahout 8% of thul

of 10 lorthern 3tates.

(e) 5086 wos given as the share of Ceramic tile out ot 10
of bohh the Ceranic tile ciad Sonitery ware imported into
this Country last year. PFron this statistics, it is
not possible for ne to break down various percenta s
of wall, mosaic and floor tiles. As such an invesiiztio
whicihh wis carried out with mijor distributors in
Lagos, aduna, Minmna and “ano by Danto Co., Ltd. obtoiicd
the following results,
wall tiles 60% anp»roxinntely.
liosaic tiles 255 avproximrtely.
Floor tiles 15% approximat. ly.
10 Worthern States (.° Million) | 1979/20 | 1980/31 L 1981 /52
| _Ceramic Domand .| 1.%.-.2._:122-5 YL I
Total Ceranic Tile (58%) | 10,59 112.00 | 16.00___ .
Wall Tile (354.8%) 6435 7.80 g.60
11.6) ‘
_— O, TW——— 3, 5. %" W
|Jioscic 2ile (14.54) 1265 13425 SO0 L
Floor Tile (3.7%) 1.58 1.95 2.40
2..8
B RSN U v
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accordiagly, the scnle of the marvi:et for the product

from ny indusiry in 10 llorthern States in:

f T o T

{ Year 1979 1980 _ | ..1981 1982 11900
Demand
Wall & |:8,250,000 | .i9,950,000 | :112,000,0004.:13,940,000} -1 _,°
Floor 0.

| Tile

It is necessory to decide on the Industry's scile with

efficlent conzideration on the probable error in the estim e

of the mirl:i scale and possible deloy of %Hhiis industry's
conagtruction,
(f) Capacity of the Cermmic Tile project ~nd product nix:.

1. Pl nts Caopaciiy.

The ecleulations involving quantities of woll ~nd

floor tiles demwnid were mrde fron the s2id tobtnl

price aind unit price nas follovs;
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——— il

O

- — I

TS | - > JN— 5&8 1030/81 _ _j.....1gsi/ee L 1982/33. ]

(2) Well Tile 030 +7,800,09 ©9,600,00, 500,000
Price of @ .nw _W\ L -Ntm\ .\L-I\D @ 8. \N\n 2 2
Consurpiion 86,6000 1,000, 0000° .So 000m° | 1,272,000n

(b) Floor Tile | 71,530,900 11,950,000 22,400, ooo r2,880,00
Quarry Tilz | @ w;waﬂmm ? :gm.qxﬂm i16s m\B o wgq.U\mm
Glaz2d 105,300n 124,.000° 1 ..m_ ,£000° 166, 400n°
Floor Tile

The r~in producis of this

the Plont's noltioun cepaecity is

3o for thers is no producer
oxpected -0 be morieted fron

the Vew Federal Cepital Territory i

locaiion is

(z) Ia ceternining the product i,

cut of

(1) Cobining Deily norleicb-e

(ii) Cobinntion of

to the markot

differcnts

need

types of similor goods in

»:if..w

Wigeris and the rernainin 3

just within 1t5 bound=ary e

s00d to cope with the r

+the following coO

indusiry are Sanit-ry wares, Wz all

and Floor tiles and

set ot 50% of the above consunption estimmte.

19 Northern Stotes and products ore

iizer State while

11 e the pein norket a8 ol

to ~ohieve high profit ratee.

5.
PR

-

e Pla

ts

aditions are %o be considerede.
needSe

2 nmood proporvion
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Lecording to the reserrch conducted, every housc

constructed uvcs ~boul 20r:12 ol vinyl floor tilea in the liv
room of low cost housing, Dut for people living in ploces
with high temperatures like this country is not the best soli.

for fLloorin:; o8 these things come off exsily nd sive o
dumiy touch to the feet. Vinyi tiles h.ve much short liic
span comnp.red to ceramic tiles. One of the reasons why
people still use vinyl! tiles is due to the fact th t they o
mach checper thon ceramic tileas., For examplo vinyl tilec
cost ibout 75,00 while ceramic tiles is around i#10.00 or so,
3trictly »sed on my recearch in Lianzoo of newly erect~d dwelli:
of high standnrd, it showa thot ceramic tilie ~rc ninly uwosed

their liviny rooms.
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65. Potter at Abuja. Photo by Francis Uher.

temperatures in exceess ob 15000 € can be reached, At that heat. the roar of combus
tion and the white hot intensity of the fireboxes et one know that a firing is really
in process, and cach new picce of wood tossed into the inferno almost explodes
into pure incandescent heat. It is exciting,

Management of a wood fire reguires some experience and considerable care. The
wood must be split down to picees of the proper size and must be thoroughly dry.
If the wood is even slightly damp, the heat required to volatilize the water as steam
will tend to cancel any gain in temperatore. 1t is wise to provide a drying rack near
or over the Kiln where the fuel can be stored until used. In Japan the potters pile
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of the Abuja kiln. Photo by Francis Uher.



165. A small shuttle kiln for Raku firing.
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27. Large chamber kiln for porcelain at Tewah, Fukien Province, China. Drawing
based on data supplied by Dr. W, ]. Sutton.

28. A Korean “split bamboo” kiln.




150 INDUSTRIAL CERAMICS

TABLE L 37-~(contd.)
R A e e i s
, -. 1 M.P, Oxides
Name Formula MW. | S.G. e % Ne.| entering
| ‘ | | 0 | CF B . fsion
Tungsten oxide wo, 231-92 72 | um 2681 & s0 ! WO,
Tungstic acid | H,WO, | 249-9% 55 -4H,0.1000-31,0, 2. #1 [ WOs
Uranium oxides L
uranous U0, 27007 10-9 | 2176 949 N vo.
uranous-uranic U0,200, 842-21 73 d. d. UO,
uranyl v, 286-07 T2 1 d. d. U0,
Sodium uranate Na,l7,0. 634-122 | ! - - #) | Na,O
(commercially known as i | U0,
yellow uranium oxide) |
Vanadium pentoxide V,0, 18190 34 690 . 1274 “ ' ViOs
|
!
\

AUXILIARY RAW MATERIALS

There are a number of materials which do not form a part of finished ceramic
products but are nevertheless vital to the preparation of the ware. The most
important of these is water; there are the water-soluble salts that modify the
interaction of the clay colloids with the water; there are also the organic
binders which assist in shaping and in holding the particles of green ware
together and chemicals to aid its drying. Further important auxiliary
materials worked in the ceramic factories are plaster of paris for moulds for
ware pressed or jiggered in plastic clay, or slip cast, and iron and steel moulds
and dies for dry pressing and extrusion.

Water

Water is of such prime importance to life that settlements rarely rise up in
its absence; there is therefore no need to discuss its distribution,

Normal sources of water in approximate order of their purity are: under-
ground wells, pumps and fresh springs, lakes, rivers and the sea. The
impurities are organic and suspended matter, soluble magnesium, calcium,
sodium and potassium carbonates, chlorides and sulphates. This water is
filtered and freed from bacteria and sometimes softened before being supplied
in normal town mains. The soluble salts that are harmless in drinking water
are left in and their nature and quantity may vary.

The physical properties of water are now known very accurately and
frequently form the unit for different measuring systems.

H;O0, M\W. 18:016. S.G., 1-0at 4°C. Sp. ht,, 1. M.P,, 0°C (32°F)
under one atmosphere pressure. The change of boiling point with pressure
is frequently made use of to produce high temperatures. A short table of
corresponding values is therefore given (Table 38). Normal boiling point
under 1 atm pressure (760 mm of Hg), 100° C (212° F).



TABLE 149

Miscellaneous Glazes for the Lower Temperature Range

io. [ : | | | 1 I - 7 — S
No.| Application | Ref.| Cone | N0 | K0 M0 Ca0 | | PhO | B,0, | ALO, | Si0, Batch
I Cordiente 015/014 | M.F, | Zn0 | Ze0 -
l 800°C | ", | | 0:216 | 0784 | 0433 0-199 | 1493 U-l'ﬁi’ !
| | ! | 476 | 4743 | 822 | 552 2758 648
2 High-titania Ax6 | 08/07 | MLF, 008 002 | 002 | 03D | 038! 048 | 032 218 | (Fe,0. 015
bodies | MBrC | % 016 060 | D23 | 3b5 | 3650 949 950 | 3708 IO, krace
| 4 A " ¥
3 Once-fired German A8 07 M.F. 0-09 091 038 1-15 e e 93¢ :ler?ilf.'i'c‘ffy 20
stove tiles %a 258 61 82 1090 2470 Feldspag 15
v Quartz 5
( Fhnt 250
i | Kaoln 16
L) Na O ! Ba() | Tale 36
4 Building bricks Hiaa 0503  M.F. 0065 0072 | 0095 | 009% 0-228 | (0-387 D432 1 0-279 . 2479 | BaCO, 226
10000 C~ o, 065 149 299 129, 428 | 1984 1011 | 954 49 RO { Nepheline svenite
14s°C | o | | 135
: Colemanmite 17-6
t Lepudolite 14:1
Fe)
Albany shp glaze Sgo (+-12) |M.F | 623 021 042 | 014 08 b9
for stoncware | | % | 4.24 ' 166 | 461 : 1-97 | 1599 71-54
o)
Albany slip glaze Sgo | (4-12) | M.F, ’ 0-19 | 018 | 036 IL':; | 051 374
for stoneware | % | 524 12113 | 591 | 568 1526 | 6578
H | |
7 |Feldspathic glaze 'Sgo | (4-12) | M.F. 02 (01 | 07 | 0-4-10!35 90
| for stoneware | ) | | | I | |
g > ~%
- -
1 ABLE 150
Glazes General (mostly from S1085)
Tvpe Ref. Cone Na, 0 | K0 [ MgO | Cal) | ZnO Sr) | B;O, | ALy, | Si), Batch
7 M.E. | 02 | 01 0-7 ! 04 35
60 1-3 12-5 130 b2
7 | M.F. 0-2 (L2 O B B "1 0-45 30)
| "o 58 1-2 11-2 20 131 67
L | MF 02 | 01 07 | 145 340
[ .o 5 | 12 | 114 | | 134 | 085
8 I M.k 02 ] o1 | 07 | 0?2 06 54
. P43 =9 | 90 32 139 687
Y i M.F. | 02 1 07 05 43
I ‘ 105 137 | 696
v | MLF. 02 03 (153 | 10 -y 5.2
| % 24 | 55 55 136 119 611
10 | MLF. |02 01 07 , 01 065, &5
+0 | 09 84 | 15 142 10
kali-free 11 M.FE. | | 022 0-78 3 kR
P ] | 34 16:6 116 N4
11 | MI. 2 irl 07 02 Y s
oo | 29 06 | 60 , 21 142 1 742
lish | MR8 9-14 MF 013 019 L b | 4% 1-8%
orcelain ok 23 52 105 | 14-3 674
12 | MLF 02 1 7 i1 (RS 7s
| @ 31 07 bt 11 142 74:3
12 | M} 02 ol 07 175 6.5
15 (15 74 14-4 vy
13 ALL 0-2 01 07 | 185 5
y 11 07 | 65 |45 »
14 M.F. 10 | ihh Y
P 13-4 146 i)
14 ALK 05 (5 00 0
e 45 (1R 144 i-3
14 MF (4 ir4 02 11 N
b 3.7 57 1-7 1N Pl |

L



TABLE 39
Inorganic Deflocculants

Name Formula
Sodium hydroxide  NaOH
(caustic soda)
Sodium silicate (water glass) | Variable from

Best composition of sodium

| Na,0.3-3510,
silicate for deflocculation

Sodium carbonate (soda ash) | Na,CO,
{washing soda) ' Nz,CO4 10H,0
(pyrophosphate) Ne,P,0,
(tetraphosphate ) | Na POy
(hexametaphosphate)

Sodium sluminate Na,0.Al1,0,

Sodium oxalate Na,C,0,

Sodium gallate

Sodium tannate

Ammonium oxalate (NH ),C0,.H,0

Lithium hydroxide | LioH

Lit.hiul? carbonate | LiyCO,

Lithium aluminate
Lithium citrate

|

]

| NayO.168i0,
to Nay0.48i0,

LiAlO, :
LiyCH,0,4H,0

MW

40-01

| 15809 10

3223
260:19

106-00
28617

26603
469-90
16394
134M

142-12

23-95
73-89

65-91
28199

5.G.

21

—
W ot

| 422t 0° C, 347 at 100° C

Solubility in water
(/100 ml)

from 156
to 43

71 at0° C, 45-5 a8 100° C
21520t 0°C, 421 at 10 U
316at 0° C,40-26a1 100 C

Soluble in cold, very
soluble in hot
37at20°C,6:33 ac 100° C |

| 2:54a10°C, 40at 16:8° C,

118 at 50°C
12-7at0° C, 14-9at 100° C |
1-54at0°C, 1-33at 20°C,
072 at 1007 C

74-5 at 25° C, 66-7 at
w00 ¢

Remarks

The best deflocculant in widespread use,

Less effective per equivalent of Na ;O than the
silicate but used in conjunction with it.

Very efficient deflocculant.
Not in widespread commercial use.

For porcelain.

Can be used instead of the silicate and
carbonate with better results.

See ammonium oxalate.

Very good deflocculant.

Essentially to precipitate soluble caleium, n
conjunction with other deflocculants,
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TABLE

Selectign of Analyses of
{Cols. 1 10 9: China

o 1 i
L )
- o Coam | M Kemick or
Name 7 1 Cornish l Cornish | No. 10 Cornish
Distriet [ | clay ; china clay china clay
ini - i ECLP.
‘Iile'll" ng: e R42 : gu g:f
ou Brit. ; it i
m{“.?; $i0 4717 4545 TS
" ro, 0-01 034 003
AlLO 3890 w33 370
FeyO, - 025 0ss | 0-55
\150' | 015 012 ' 026
CaO | 017 006 | 0-14
NagO ' 0-04 0-43 { 0-04
K0 1w 222 | 16
7 = . s i 002
% = |
Loss on ignition |z | oz |22
Inita) Seformation refracioriness cone ‘ ' ':
nitia rmation re i R e
Special properties -1 . 'x’:’ i
Modulus of rupture (Ib/in) ’, |
(kg/em*) | !
Rational analysis: Method | :
Clay substance | ! |
Potash mica | ;
Soch s | | |
Feldspar {
TiO, _
Mao® |
CaO |
Organic matter | 1
Fir_;d mlou{.rc ) ._ .
Dhey-ge fleod contradiicd Te;-;;;. °C) 5
e
Uses

3

Various Types of Clay
Clays and Kaolins]

LMB. or 24
or Lee Moor Best
Cornish china

E i.hi P.

R42
Brit.
470
L
N2
05
14
022
02
10
0wn2

(5) () (7)
S.C. Devon C.C. chira Kemmbitz
china clay clay kaolin
Devon
‘atts, Blake = Watts, Blake
R42 R4 S83
Brit. Brt. Germ.
46-96 4672 58:30
013 0-13
IKT8 l 3752 29-31
0-86 050 087
004 019 trace
xg') 0-;’3 | 051
3 0
078 210 } 1-26
12-51 12:00 10062
32 12
RS 354
6 2-5
549
438
13
bone china earthenware
porcelain | white wall tiles
carthenware | hone china

whiiz wall ules ' porcelain

(5)

Zettlitz
kaolin

953

1-2
04

white

Nt
<

62

4

Kallauner-
Steinbrecher
439

545
16




B A

BIBLICGRAPHTY

CERAMICS HBY P. William Lee.

Sto.l-7 o0 LFD FORCBLAIN (The Art of High~Fire Potterr)
By Daniel Rhodes.

.0 L&iIC PROCE3IING BEFORE FIRTG

By Gecrge Y. Onoda, Jr. mnd Loarcy L, Henchis
‘Ti%s - Degign, Construction ~nd Operation

By Daniel Rhodes.

TITDUSTRIAT CERANICS

By PFelic Singer and Sonjo 3. 3inger. .

ADUJL CHRCHICIE
By Hossan Dallatu and Shutibu Nalibi.,

FLUSTLTHY STUDY ON NIGARISY CORANIC RAW MATEIALS

By Danto, Co., Litd., Osaka -~ Japan.



