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ABSTRACT

The study was concerned with the ldentification,
beneficiation, characterization and utilization of
| ocal |y available raw materials for the production of
slip-cast electrical porcelain insulator. In the absence

of the required characterization tools an approach which
transferred, to sone extent, the problemof characteri-
zation to that of process control was adopted. There are
25 tables, 12 figures, and 7 pl ates.

The raw materials procured for the study were
"Fetramn" processed talc, rawtalc fromTsanlu in Kwara
State, prinmary clays from Kankara and Pakwami in Katsina
and Sokoto States respectively, secondary clay from Bono
in Kaduna State, Quartz from Ckene in Knara State and
Baure in Katsina" State while the feldspars were got from
Zaria in Kaduna State and Ckene in Kwara State, thus

pl acing restrictions on the generalizations of the findings
of this study as, anongst other things, final properties of
wares are affected by the sources of materials used.
The follow ng basic assunptions were nade:
1. That the procured naterials would be suitable for the

formul ati on of a porcelain body suitable for electrical
i nsul ati on.

2. That, in the absence of facilities required for
material characterization, preparation and property

eval uation, sinulated tests would suffice.
Based on the anal yses of data collected, the follow ng

maj or findings were pertinent:

Vi



Addition of Bono plastic clay, within defined limts,
enhances castability, dry strength and densification.
Wiere water constituted about half the weight of solid
ingredients, a lower limt of 3gmand an upper |imt
of 4gm defl occul ants (conbi nation of 75°Tw sodi um
silicate and sodi um carbonate to every 500gm solid

I ngredients, were found to be adequate for optinum

di sper si on.

Transl ucency is al nost always acoonpanied by a fall
in bulk density and increase in apparent porosity and
fired shrinkage.

There is a mninum attai nabl e apparent porosity,
maxi mum bul k density and, by necessary inplication,

a maxi num attai nabl e mechani cal strength for each
body.

The bodies that were finally sel ected have apparent
porosity, bulk density and total shrinkage ranges of
0.05 - 0.16% 2.36 - 2.4gmper cc, and 14.1 - 17.8%
respectively when fired to about 1300°C with a soak
period of 30 m nutes.

Transl ucency was found to be nore pronounced in the
rel atively high-fel dspar conpositions.

The general conclusion of this study is that the raw

materials required for production of electrical porcelains

are locally avail abl e.

Vi
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DEFINITION OF TERMS

AGGLOMERATES ;

A general term describing & small mass having a
network of interconnective pores, It is comprised of
primary particles bonded together by surface forces
and/or solid bridges., (Onoda and Hench 1978),
AIR-FLOATING:

Process of sorting particles of similar sjize by
air seperation.

PODY:

A clay for a special purpose created by
blending different clays or by adding to clays other
minerals such as feldspar and flint in order to
produce & desired workability or finished result,
(Hamer, 1975).
CALGCINATION

A purification process which involves heating a
material during which it is dehydrated and volatile
matter is expelled,

CATALYST:

An agent which promotes chemical change.
(Rhodes, 1973).

COMPRESSIVE STRENGTH:

Ability to withstand pressure when & component
is subjected to forces acting towards each other
with a squeezing or crushing action. (Shirley, 1973).



CRAZING:

A glaze defect indicated by the presence of fine
créacks on the galze. It is caused by lack of fit
between a glaze and the body.

DEFLOCCULATION:

The action of dispersing the fine clay particles in

& slip so that the slip becomes more fluid.
Deflocculation is achieved by adding, to the suspension
water, suitable soluble alkalis called deflocculants,
(Bamer, 1975),

EUTECTIC:

The lowest melting mixture of two or more
substances 2, (adj,) Describing the temperature of=
lowest melting., (Rhodes, 1973),

FILTER PRESS:

A device used in removing excess water from clay
slips.
MOHS SCALE:

Mohs scale of mineral hardness is used to provide
information about the hardness of substances, On

this scale ~'».- - are ranked according to their
hardness,

MULLITE:

An important alumino-silicate which is created
within pottery bodies during firing. Mullite crystals
are long needles which interlace to produce a strong

bOdy. (Hlltr. 1975).




PHASE

Any portion of a system which is physically homogeneous
within itself, is bounded by & surface, and is spatially
separated from other portions according to the interfacial
energy relationships existing in the system. Most ceramic
materials are "polyphase" as they consist of several
phases which are commonly both crystalline and glassy,
(Ford, 1967).

RESISTIVITY:

The material property that provides a relative
measurement of a materials opposition to current flow, It
depends only on the material and not its dimensions, An
insulstor or dielectric has a low resistivity. (Blotter,
1981).

REEOLOGY:

The science of flow and deformation usually applied
to flow characteristics of plastic clay and casting slips,
(Fournier, 1973)

SINTER;

To fasten together by mutual adhesion without apparent
fusion. All ceramic materials, simple oxides or complex
minerals, pass through a stage of sintering before melting,
There is no 1iquid (molten) phase involved and yet the
particles stick to each other. (Hamer, 1975).

SLIP

A clay-water mixture



SOAK

A

fo hold the kiln at one temperature for & period of
time,. (Rhodea 1973),

SPECIFIC GRAVITY;

Ratio of the density of a material to that of water
at h°c. It is a pure number and requires no converaion
to the various units, It is numerically equal to the
density when sxpreszssed in grammes per cubic centimeter
(;n/cn’). (Singer, and Singer, 1963),

THIXOTROPY;

The ability of certain clay suspensions to "thicken
up® on standing, and is particularly marked with slips
that have been only partially deflocculated or that have
been overdeflocculated. (Worrall, 1982),

TERSILE STRENGTH:

The pover of & material to withstand fracture when
being stretched. (Shirley, 1973).
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1.17. Intreductien

The discevery by Oersted in 1819 that magnetism ceuld
be produced by an electric current presented scientists
with the problem of hew to bring abaut tke revers® effect.
This problem was solved by Faraday 'in 1831, with his
discovery of the "electromagnetic induction phenamenon"
whereby electricity could be produced withsut any
batteries., By implicatisn, larger electric currents could
now be produced continuously and at low cost,
Concomitantly, there was an increase in demand fer

electricity and this called for electric power transa!’
mission over great distances,

Increased use of electric telegraph for signals in
Europe by 1840, coupled with the inventiens of the

telephone and filament lamp, necessitated the pravision

of insulation components and ceanductars, Accerding to
Irabor gt al (1987), "At the early stages (abeut the mid-

nineteenth century), most af the applicatiens ef electric
power required fairly low voltages which made no great
demand on the electrical and mechanical preperties ef b
insulators, "The earliest type af suppart far cenducter
wires included a porcelain insulatar mounted on & spindle.
Waye (1967), observed that during the period of the
L%irat World War (1914-1918), electrical porcelain was used

‘pA1n1y for low—~tension, direct surrent, or fer leow
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TS~frequency alternating owrrent in_telsgraphy;-eleotric

lighting and a few power applicatigna. Fer. such.purpaoses

the ordinary pot insulators were adequate as there were

ne stringent specificatiens.

| By 1930, high-tensien electric transmission was

well established and this called for porcelain &f much

higher quality while new c;mpositions were required for

radic communicatiedl using very much higher frequencies

that was Jjust getting into:its stride,

Porcelain, apart from its low cest of productien, is
demanded in the electrical industry because of its high
insulation resistance, high Alectric and puncture

strength, mechanicel atrength, low poresity , weather
resistance, and the ease af cleaning its surface,

While demand for electrical porcelain insulators was

met by the already existing industry invalved in
percelain praduction, special factories had to be set up
in England and U,S,A, for the purpose, Norton (1978),
reported that "during the Secend World War (1939-45),
work was active on electrical ceramic bodies, especially
in Germany. For high frequency use steatite porcelains
were made in large quantities, At the same time,
research was going on in the field of titanates, 1In
this country, development also occured rapidly with
ferroelectricn: and ferromagnetics."

.Porcelain insulatora of early manufacture largely
lacked standardized factery—control and testing methods

and this resulted in the absence eof a standard



Je
uni formity. Since 1930, hewever, —the preduct has been
brought to a standard of uniformity with the development
of instruments, coupled with the development of some

earlier discoveries into routine laboratory tools such

as energy spectroscopy for chémical analysis, laser

applications, high pressure capeabilities, and most
especially, the development of computers capable of

treating data emitted by the new instruments and able to
handle calculations for complex systems.

In sophisticated ceramic cultures, a relatively new
concept in electrical insulation hes emerged. As
indicated by Fink and Carroll (1968), this concept hes
resulted in complete systems for insulating electrical
devices and is composed only of inorganic materials such
as mica, glass, asbestos, cements and ceramics which have

been used for years but mostly in conjunction with orgenic
resins or insulation.

Some of the materials used in inorganic systems
include; enamel and refractory glass, glass coatings,

and chemical coatings for conductor insulation; mica and
synthetic mica for flexible sheet insulation; asbestos~
sheet, glass-mica gheet 'for rigidishedt-insulations;

cements made from various inorgénics such as alkaline

silicate cement for inorganic encapsulants.

Mclaren and Ott (1978) opine that the three main
classes of materials; metals, polymers and ceremics
"hold the key to unlocking the requirements for our

future systems in all areas of development including our

most essential current problem of energy related systems,”



1.5, Delimitations: o . ' 8.

The study was delimited to the following:—

(1) "Petramin" processed talc (from Gbagbe Adigun in Oyo
State), and raw talc from Isanlu in Kward State,
primeary clay from Keankare end Rakwamnl in Katsima
and Sokoto States respectively, second¥ry clay from
Bomo in Kaduna State, quartz from Okene in Kwara
State and Baure in Katsine Stete, The feldspar was
got from Zaria in Kaduna State, and QOkene Kware
State. Therefore, restrictions sre placed on
generalisation of the findings of this study
beceguse, amongst other things, final propertiess of

ceramic wares ere affrcted by the source of the

materials used,

(2) Fermulation of & porcelain body suiteble for
electrical insulation,

(3) Sheping by the slip-casting method,

(4) Technologicel a&spect of production without
preoccupwin: 1tself with geological derivations
of rew materials nor superfluous~ description- of
equlpnent: . _

1,6. Basic Assumptions:

The following basic assumpfions were made:-

(1) That the procured materials would be suitable for
the formulation of & porcelain body sulteble for
electrical insulation.

(2) That, in the absence of required facilities for

material cliaracterizetion, preparé&tion, and



property evaluation, simulated tests would 7.

suffice.

1.7. Significance of the Study:

Today electric power is necessary for the processing
of raw materilals as well &s for more comPléx
manufacturing processes., Dailey (1976), records that
between 1951 and 1960, output of electricity in Africa
doubled and in the years to 1970, it doubled again.

- Though this rate is well ebove the world average, the
actual level of production of electricity has remained
low. This fact, underscored by the very uneven
diastribution of electricity, great backlog demand as well
as the future demand caused by the continuously increasing
living standards in Africe and-~ other parts of the world
shows theat there exlsts a market for electrical components
and insuletors such as porcelain electrical insulators,

Following the Tederal Government report on imported
‘raw materials for the 1975-1980 development plan, pottery
raw naterials are among those imported at well over 90%
af the total requilired rew meterials desplte the fact that
Nigerie hes almost unlimited roserveé of all the major
raw materials necessary for ceremlc production,
Predicated on this premise, the study again, ccincides
with one of the primary objectives of the Raw Materials
Reseerch and Development Council of Nigeria, which 1s
the mobilization of the countrys latent resources for
developmental purpose, _ , o

Conmenting on the Nigefian Trade Index for 1985,



8.

which indiceted thet Nigeris spent well over twenty
million Naira on importation of electrical insulator

equipment: end components, Irabor &t al (1987) opined
that "wherees rno distinction was made betwesn the various
types of insulators, it is estimated that, at leest, e
quarter of the evronditure {i.e, ebout five million
Naira) went towards the importation of electrical
| porcelain tsulat-—s used for ~ur trgnsmission +.ad
distribution network," The colossal sum spent on the
impartation of these insulators would be saved 1f
preducticn is done through local sourcing. Apart froam
this individuel economic prospect, local production would
me&n the introduction of & relatively new industrial
sctivity in Nigeria and, by implication, creation of Jjobs,

Ta adopt the ergument of Bailey (1976), the Industrial
Revolution, in Britain for example, was not singulerly due
to the invention of the steam engine by James Watt, nor to
the epplication of steam power to textile machinery by
Hargreaves &nd others, Rather what happened was the
quncidence of a rumber pf developments all taking place
et roughly the seme time, Adhton (1948) believes that,
ammmgat other things, 1t was due to the applicetion of
science to industry and with & more intensive and
extensive use of capital. Appreciating these facts would
further concretize the industrial revolution towerd which
the country is working, 5 .

As & profesaionel contrlibution to kﬁowledge, th&
study seeks to provide a guide which would essist In the

collection &nd interpretation of data necessary for a



e
better understanding of ceramic systems in general
and those direct v related to electrical porcelsains in

particalar,

In the light of the @bove, this study should be seen
A8 an industriel znd academic resource aimed at, as
contained in the travelogue of the Netional Accounts of
Nigeria, 1973-1975, "a Iarge-scele modlficetion of the
existing economic “ramework for maximum utilization of
reseurces” with a view to making governments efforts in
creating & vibrant economy & reality and not a piovs

hope,



CHAPTER TWO 10,

REVIEW OF LITERATURE

2.,17. Introductisn

Having appreciated the background to electric power
distribution and how porcelain came to be used as an
insulator due to its favourable electrical insulating
properties (chapter one), this chapter starting with the

role of research in the rediscovery of porcelain by
Western ceramic cultures, discusses the materials and
preduction method of slip-cast porcelain ele~trice?.
insulater, The discourse is with a view to iden**fvir-
the variablez to hold constant and those taat should bo
varied where, with due reegard to economic considerations,
the abjectives erec to develop consistent predictable

results,

2.2, Origin of Porcelain

The word "Porcellana", according to Savege (1954),
was the term which the Venetian traveller Marco Polo
used, in the recording of his visit to the court of
Kublai Khan, to describe certain wares which he saw in
the process of production. The analogy made wes to
the similarity between the glaze of the wares and the-

highly polished and variegeted surface of the shells of
the genus porcellana,

Following Cooper (1972), "Porcelain was the name

given by the Chinese (sic) to any ware emitting a clear,
ringing note when struck, it did not have to be either

white or trenslucent.," A more practiceal definition was
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given by Rhodes (1960) who defined porcelain as a

stoneware body that cennot be made from any single
naturael material but from & proportional mixture of such
several ingredients es Keolin, Feldsper and %lint, the
particles of which fired over and above 1300°¢C, fuse to
yield & strong impervious body, The T'sng potters (T'eng
Dynasty A.D. 618-906), are believed to heve mastered this

technique which saw its full exploilitetion by the Miag
Potteras (Ming Dynssty A,D 1368-1644),
Through trade interccocurse, oriental porcelain found

its way into forelgn merkets where it was well received,

Hughes (195%) observed that "The growing porularity of
Chinese porcelmin coincided with increased economic

activities and so successful reproduction of Chinese

porcelain became 8 matter of 1mportancé. The dountry
 firat to &cquire the secret of making porcelain was
certain of an enormous profit making monopoly.,”

Due te economic ressons the importation of porcelain
was benned by the English Court in 1664, and the neéd to
acquire the secret of porcelain production was further
increased, The potters were, therefore, faced with
the onerous task of discovering the nature of & material
which wes white, hard, resonsnt when gtruck, end
translucent. Iack of exact methods of chemical
analysis meant they had to proceed from surface '
Appearences and sound enalogy.

y All attempts by the European potters were futile
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beceuse they held the erroneous belief that porcelain
clay could be obtained maturally. They were therefore

unéble to appreclate the role of the feldspathic rock

"Petunse" which, 6hemica11y, is a ailiCnté of potassium
and aluminium, Sevage (1954), has interpolated thet it
was al3o unlikely thet their kilns could e*tain the |
exceedingly high temperature required to fusa the rock,

This sspect of the problem caused considerable trcuble &

Melissen where the role of petunse was first anptreciated
by two Germans: Fhrenfried Walther von Tschirnhausen, who
hag hmd some previous success In melting & variletr of

refractory substences which required higher temperaturss
than could be atteined at the time, and his assistant -

Friedrich Bottger, nn‘alchamist.

Savage (1954) indicated that the first specimens of
an unglazed porcelain were méde in 1708 ~ the yeer
Tschirnhausen died -~ but I+ was not possible to glaze
it until the following year. The discovery led to the
éétéﬁiishméht of é:fécfdgf.farifﬁeﬁmgnufacfﬁré of
porcelain in 1710, under the title of the Royal Saxon
Porcelain Manufscture, at Meissen very close to the city
_of Dresden.

Tﬁe firsflmﬂjor variations on the discovered

' porcelain formuls was from @ factory et Bow, near London.

(Umar, 1987). This saw the addition of calcined bones

to the main ingredients of kaolin, quertz and feldspar.

Other modificatiqna were: varying the proportions of
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the three main constituents; and minor edditions of new
materials,

e T CRPUTANINE PR U

Today, a "softﬂ and "hard" dichotomy exists for
porcelain bodies, . SRR The terns, whilst

referring to the firing traatment-soft porCGIAin fired

below 1350°C, hard porcelain fired between 1280 and 1460°%C
-~ also denote the degree of hardness exhibited by the

ware, Waye (1967), further fdentified two principal

types of herd porcelain &8 Oriental porcelain and
porcelain mede in England and U.S.A, The difference

in the two, he noted, stems from the different historical
development of porcelain and the different raw materjials,
particularly clay, available. According to him,

porcelain made in Dresden contained less fluxes than the

origiml Chinese ware, hence the former required a higher

temperature,
Soft porcelains would include frit and dental

porcelain while chemical, mullite and electrical

porcelains are eoxamples of herd porcelains, S

2.2.1, Electricel Porcelain *7 o vaviiiied iy Lo '

The term "Electrical Porcelain” is used to refer to

& greet variety of highly specielised componente for the
electrical and electronics industry. Such wares are

usually made to closer dimensional tolerences than other

wares &nd they renge from high tension buskhings over 10F€
in height to minisature perts of overall dimensions of &

ST ETU A RS P



14,
few thoussndth of an inch (Waye, 1967). |

Electrical porcelains ususlly have water absorption
of 0.5% approeching zero percent, This low porosity is
not due to the applicetion of glaze hence, they are
produced either glazed or unglezed, The unglazed wtr& is
suitable for use in dry conditions and can be used eas
fittings for open wifing, plugs, outlet boxes, fu;e g
holders, sockets, lamp holders, applience parts in
equipments that use electric resistances to genertte heat,

such &s electric irons and toasters,

The glazed ware is used for weather exposed pileces
such as varts for neon signs, telephone and powsr
aupplies 1o houses. According to Waye (1967), electrical

porcelain produced in Englend, a3 at 1967, hed an &nnual
value of about £11 million (i.e. mbout 7% of the total of

all ceramic products.)

2.2.2. Porcelmain Electric Line Insuletors

. As discussed by Iraebor et al (1987), electrical
devices conzist of four sevperate components: conductors,

" magnetic circuit, mechenicml supports and electricel

insulation. Insulation confines, restrains snd directs

the flow of slectric currents, While restraining current
flow from & conductor to ground or to & lower potential,
insulations, often, must provide mechfnical support,
protect the conductor from envirconmental degradetion and
transfer heat to the surrounding environment, They
further contended that since all materiels conduct

electricity to some extent, no materials are absolute
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]

non~conductors so that the best insulators are those

rating lowest on the scale of cdndﬁctivity. B

' In spite of the developments in the aree of meterials
for electrical insuletion, porcelain and toughened glass
rqwéin'highly velued for common line insulation due to
their favourable thermel, mech&nical end electrical
properties (Table 2,1) end their low cost of production,
Seme adventages which toughened ¢7++~1 insulators have
iyar porcelain are given by Waye (1967) as: much higher
puncture strength, better a&billity to withstand primry
arcs, greater transmrency to solar radiation and there—

fore, less gstrains due to differential temperatures,

These cleims would eppear to be gratultous as the design

and particular use of the insulators are generally more
important.

" say (197%) said thet "the design of an insulator is
& compromise between arranging the surfaces along the

equipotential lines  of the electric field providing
. RN oy S e Ve T e
sufficient thickhesa in the body to avoid electrical

puncture, ensuring sufficient mechanicel strength,
avoiding recesases that might &ccommodate dirt and

broviding suitable rain-washed surfaces"
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| Porcelain.-electrical line insuletor is a ceramic
product obtained by the high temperature vitrification of
the m&jor constituents af clay, feldspar, and silica,
The dense ware, ffee from laminations, holes end cooling
gtresses, 1s colhted with & "fitting" glaze which
prevents the occurence of cracks &s such cracks might
lead to the breakdown of the insulator These qualities
méke the ware ideal for insulating high voltage lines,

Units are colour coded to indicate their strength retings
end they conform to USAS €29.2, |
Irabor et al (1987) identified two mein types of

electrical insulators as:

(&) Low tensions electric insulators:- used for
applications requiring under 500 volts, They
are used for telegraphs, telephone lines,
internel end external low voltege network. Low
tension insulators are divided into line and
insulatisn types such &s pin &nd bushing types,

(b} High tension electric insulators: for voltages
above 500 volts, They are usually divided into
line, m&chine and power plant types for

transmission line when pin type, suspension,
bushing and large insulators are unsed.

2.3, Raw Materials

The raw meterials required for production of
porcelain electrical insulators are: neaturally occuring
ones: substances extracted from minerals and chemically
purified; or purely synthetic materigls, These include
kaolin, silica, and feldspar, Minor amounts of such

additives as Mg0 (as meagnesite, talc or dolomite), Cs0,
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Zn0, Bag, borum phosph&te or .mono calcium phesphate in

epatite form, have been observed (Alvarez-Estreds, 1979)
to contribute to mechanical strength, and lowering of

firing temperature, . .

It is imperative that the selected materials bé iron
and titanium free because the presence of a high pércentage
of these would leave & marked effect on microstructure and
final properties,

ﬁhye (1967) observed that close control of grein s1ze
and, in some materials, shape, are &s important &=
ehemicel purity because they affect shaping, vitrificetion

and the degree of reaction between solids during the
célcinetion procewss used to synthesize certain compounds,

In & related view, McIaren and Ott (1978) emphasized the
need for charecterization throughout the forming process

commencing with the raw materials, the microstructure of

the "green" compact, the microstructure of the sintered

ceramic &nd, finally, how these structures relate to the

englineering properties of the ware. The absence of these,

they continued,. would glive rise to frequent problems
arising from uncontrolled and unidentified process

variables which may be as a resilt of raw material
variations or their interactions and these have & marked
effect on any of'thé firmal physical properties., The
implication of this view is thet the ability to control
ceranic processes, frequently, depends not only on skill

but on the availebility of adequets.akeragterizatiom tools to

-

determine the neture of.process controlling variables,
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Heystek (1978) said that "the most valuable
instrumental cherecterization techniques are X-rey
diffrectian, thermal methads, electron opticel methods,

end infrered spectroscopy., No one technique, however,

i1s adeguate on its own but should be used in combinetion
with another and with total chemical analysis, catien-~

oxchange cepicity desterminations, and surface aree

neasurements"

2,5.1, Clay

Clay is & hydrated silicate of alumine. An ideal
élay subatance, according to Singer and Singer (1963),
would contein 46.5% silice, 39,53 alumine and 13,95%
water, They opined thet: Silice content &bove 46,5% mey
indicate the presence of free sflics or quertz which mey

cause
/residual strein during cooling; A high elkali content

generélly indicates a vitreous fired product; while a
less - on ignition greater thén 14% indicetes carbanf-
ceous matter, Such a clay may be plastic and, unless
3plubhle salts interfere, it 18 likely to deflocculate
ea3ily, | :
The percentige proportions given by Singer and
Singbr (1963), can be relegated to pedsgogical purposes

because (Heystek, 1978) pure systems do not exist for
layer silicates esven with beneficisted materiels such
88 keolins, ball cleys, and talcs used in the whitewere

industry. _ o ,
The particle size is & very important variable

considered in the selection of clays, Closely related
7 to particle size is the specific surface mrea, that is,
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the total area of all the perticles of that clay (usually
expressed in square meters per gram,). It is generally
agreed that the particle size is in inverse proportion to
the specific surface area: the finer fractions
contribute more (unit per weight) to the surface area then
the relatively coarser greains,

The effective surface area of the ultimate particles

of clay is related to plasticity which Hamer (1975)
defines as "the property that allows the solid to be
refermed without rupturing end @€llows the new form to
remain without any attempt to return to the original form,"
Other factors that influence plasticity are true clay
content, moisture content, particle size distribution,
plasticizers, strength of particle bond (Cardew, 1969)
and type eof exchangeeble o~ (Worrall, 1982),

Hamilton (1974) points out that as e general rule,
those clays which need deflocculants in excess of half of
one per cent of their dry weight will be unsuitable for
slip casting as they will probably warp during drying
and corrode the plaster mould too quickly.

Shrinkege always accompanies the drying of clay., As

the film ef water between the particles of clay
evaporates, (Rhodes 41973), the particles draw closer

together, thus, taking up the space previously occupied
by the water, The cumilative effect of each particle
drawing closer to its neighbouring particle is the
shrinkage of the entire mass, Particle size, again, will

be seen to have & decisive effect on the shrinkage of clay
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vhile cTays with larger particles sizes will shrink/clays

having & very fine particle size will shrink more beceuse
of the presence of more water-filled interstices wﬁich

close up during drying. Rhodes (1969) explanation is that

the large percentage of moisture'which, for example,
plastic ball clays contain, is necessary to surround all
the particles, with water accounting for 25 to 35% of the
weight of the plastic ball clay, "it is not surprising that

ball clays contrect about 10% (linear) in drying from
plastic to dry and further shrink from 10 - 15% (linear)
in firing to vitrificetion",

Worrall (1982) interpolated thet the lesther hard
moisture contents (i.e the moisture content at which
ahrinkage cefses in & dryigg:pidatic 'cley} renges between
10 to 32%. In practice howevéf; fhis effective shrinkage
will be retarded by the presence of other materisle,

The fired colour of & clay (Ford, 1967, Worrall, 1982)
deypends primerily on its percentage 6f iron oxide, state
of oxidation of the 1lrony the degree of subdivision, size
of the ferric oxide crystals, end the extent of
vitrification., Ford (Ibid) further noted thet the ﬁresence
of carbon &nd sulphur coupled with the oxygen pressure of
_ the atmosphere will affect the state of oxldation, |

" Following Waye (1967), in & porcelain body for
electricel insulation, clay 18 chiefly introduced &z kaolin
with minor additlons of vell clays to enhiance shepeabllity.
Rhodes (1960) view on this 1s that "ball clay not only has
the effect of adding to the plasticity and the workability
of the porcelain mixture but &lso promotes an earlier
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densificetion and fusion in the body." Addition of 1-2¥W.
of bentonite (a very plastic clay of volcanic origin) 1is

some¥ines ma%e in place of ball clay, according to Waye
(1967), the finer-:zzof bentonite slows down filter pressing
and gives hrohlems during drying.

At this point, a brief dizcussion on the individual

clays, that is, Kaolin and ball clays will make for &
better understanding.

"Chine clay", "Cornish ciay", aﬁd "Kaolin" ere terms
used toc qualify a light burning, fine-~textured clay
usually found around its original place of formation.

The view hes been expressed (Cardew, 196Q), that
kaolin, which in nature and comnerce is never sSo vure as
the ldeal enalysis suggests, does not vitrify et £300°C
though it is strongly sintered at this tempertture, He

attributes this refractoriness to its chemical purity

and lts comperatively large ultimate particle . size which

everages about 0,6 to 1.0u, (making it, et least, ten
times larger then that of & typical ball clay.) This

average perticle size, observed Cardew (Ibid), provides,

in some c8ses, @ useful bridge batweeﬁ the dAltrafine
méterial which mékes up & large part of most plastic clays
end the coarser fractions {whether naturel silt or milled
material) which are generelly about 10p &nd upwards, The
following data given by Worrell (1982), show. the size

. distribution of standard grades of China clay (Table 2,2)
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Table 2.2, 23

Particle Size Distribution of Kaoli}i

Particle Size(%)
Type af Clay Below { Below 1| Above
1 21 10p
Porcelain clay 61 T 5
Bone chine clay 36 47 13
Sanitary clay 20 31 22
Earthenware clay 30 43 2

Harman end Fraulini (1940) investigated the
properties of size fractions of a "pure" kaolin and
found that base exchange capacity, heat of wetting and
drying shrinkage, &lthough vary with particle size, are
not simple functions of it but they are linear functions
of each other, The deduction was then made that the
larger particles are aggregates and therefore, have a
corrugated surface of larger area than a sphere of the

same readiuys~. This non-~lineargty of clay, noted Singer

and Singer (1963), makes it imperetive to control the

sizes and distribution in an industrial product as
variatipns will give unpredicteble results.

In the interest of uniformity in case slight changes
occur in the composition of the clays ("In all layer-

silicate deposits, horizontal and vertical variability

occurs to & greater or lesser degree, creating a

problem for the ceramic manufacturer's intent on
producing products of uniform quality", Heystek, 1978),
Rhodes (1973) recommendd;tha use of several kaolins in

: épodv
_a particular clay/. T?da the trend is to use materials
/
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'guarenteed by suppliers to conform to specified
compositions and particular ranges of physical
properties. (Heystek, 1978).

Kaolin for electrical porcelain should héve a low-mica
content -~ &bout 12% ~ analysis calculated on the Mica
convention. (Waye, 1967). Mice hes been observed ‘
(Singer and Singer, 1963%) to have @ marked effect on the
firing &and physical properties of porcelsin, During firing,

the mica expands whan the mice~free body would contract thus
retarding the vitrificetion, attainment of the finml

specific gravity and some other desired propﬁrties. This
leaves the friable hizaunitware more porous and weaker. In
a related view, Werrall (1982) postulated thet "high |
catents of mice tend to give & high contraction, probably:-
because the associskted alkalis produce a high proportion of

melt at the firing temperature." Waye (Ibid) put the
fluxing power of mica et about 0.4 times thet of feldsper,
Owing to their low cation exchange cepacity (Worrall,
1982), keoling in general require less deflocculants then
ball cleys and are more sensitive to over-deflmacaulation,
The hypothesis by Waye et al (1963) that the lmrge
differential shrinkage between diameter and length
(recorded fer the extruded samples used in their
investigatien), was probably due to the alignment of
kaolin particles during extrusion has support in Robinson
(1978) whe explains that "the process of extrusion ceuses

particlea of fleky habit to orient parsllel to the feces

Qf the die. This orilentation causes & greater shrinkage
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in the direction perpendicitlar to-extrusion then in the
lengthwise direction. "Robinson (Ibid), further surmises
thet the orientation may ceuse @ differentisl expensien
during the removal of the last 2% of water from an

extruded material, .

Y

Kankare clay 1s & primery clay eoccuring in commercial
guantity in Kankara, Ketaina State, Hendsmen (1974)

angklysis of Kanskara clay 1s:

Silica S10,  44.55
Alumina A1203 31.45
Tren Oxide Feo0x  1.07
Magnesia Mg0 0.87
lime cao 0.28
Sodium Na,0  0.17
Petassium K,0 0.30

Excess Hy0 Hy0+ 12.03
Chemical H20 Hzo 9,06
-ﬁML;Titanil Oxide Ti0, O.41
Manganese Mno 0,0
Sulphur SO& 0.05

For the same Kankare kaolin, Nwankwo (1985) gave:

Lo | 310 48,52
‘ Al,05 17.01
Fey05  0.80

Na,0 0.30

PR X,0 0.19
Fe(total) o 0.56

Tgnition leas - - 14,15
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Ball clays on the other hand, are clays treangported

Ifar from their original place of formation, Turing
transportation, particles of such clays ard reduced by
mechanical abrasion. This movement also accounts for
the relatively high impurity level and the chemical
composition variations observed in such clays. (Table
2,3). As indicated by Rhodes (1960), the specific
gravity of plastic claya varies from about 2,5 to 2.7,
according to the impurity level. According to Rhodes
(1960), ball clays eare often described as aluminous
(containing 30 to 40% alumina)} or siliceous (containing

60 to 80% silica).

Table 2.3

The Variation of Chemic&l Composition of Ball Clays

et
Oxide _Renge of Veriation %
8102 L L 4L 0~60

A1203 - - 25«40

F&203 0.254.0

Ne,0 0~0,75

1{20 | . 0.5-4.0

Source: Worrall $1982)
Worrell (1982) stressed that 1f certain deposita exist
.outside the limits given in table 2.3, then such 4
deposits cease to be regarded as clays and fall into

the category of sands or loams., He further opined
that the wide variation that exists in the composition
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of ball clays implies thet categorization can only be
by location and geological age. This view, however,
appears to be at variance with Rhodes (1960) "aluminous"
end "siliceous" categorization for ball clays, Since
both views are tenable, & suitable categorization, will
be & hybrid of the two approaches.

Bomo clay from Zaria city in Kadune State is a dark-
firing ball clay, Tt has been used as a plasticizer in
bodies for porcelain slip casting (Okoruwa, 1986),
and bone china (Umar, 1987).

As plasticizers, ball clays are added to otherwise
comparatively non-plastic bodies. As noted by Waye (1967),
discretion 18 needed in making such additions because, too
low plasticity in & body may give cracks during severe
working of the clays and low dry-strength resulting in
5igh handling losses, Conversely, too much of the fine
material in & body may cause undue slowing down of filter
pressing and high drying shrinkage. Rhodes (1960) observed
that the degree of translucency of porcelain decreases with
increasing amounts of ball clay,

Worrall (1982) is of the view that as a result of
their high cation exchenge (and depending on the percentage
of organic matter present), a considerable amount of
deflocculent is needed to disperse the perticles of ball
clays, According to him, the presence of soluble salts in
the clay, if in excess of about 0.9% would inhibit
deflocculation,

For electricel porcelain, control teats conducted on

clays include drying and firing shrinkage, dry and fired
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i'Strehgth_fsnmetimaﬁwusing a 50,50 clevsquartz mixture,
Waye, 1967}, vitrification, and less fPequently

.+ chemicel anelysis and graln size determination. The

" base exchange values are détermined on & routine basis

whon slip casting is to be used.

2,%.2, Silice

Following Cardew (1969), free silica, as opposed to
the combined silica in rock~forming meterials is found
in nature in four forms: Microcystalline Silica: quarta,
tridymite, and crystobalite; Microcrystalliine Sildca:
flint, chealcedony, &gates: Amorvheus Silica: dimtomite;
and Silica Glass caused by the fusion of sand when gtruck
by lightening. _ - | _ -

~ According te Waye (1967), silice could be Iintraduced
into an slectrical porcelain bedy as ground quertz such
as white sand or quertzite er, less frequently, as

£iint, It is alse introduced to a verying degree by
other raw mpaterials such as clays, pegmetites, and
feldspar send. - _.

. In &n earlier study, Hirsch (1926) investigeted the
effect of using different materials for introducing the
guartz into the body, the bady cbmposition being Clay 50
Certz 30; Feldspar 20, TIn plece of quartz, the
researcher used different pure or mixed clays together
.with L types of rock quartzi 3 sands; flint; raw and
calcined; sand by -~ product from washing kaolin, While
firing temperature, shrinkage, fired colour and water

sbeorption were little affected throughout, expengsisn
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coefficient, being partly affected by particle sire,

was irregulzr. It waa discovered that the true quartz

 undoubtedly gives the bhest result for transperency.

Calcined flint and one sand give best values for ball
compressive strength, Impact bending strength improves
with the k&olin washing by-product, tensile strength is
enha&nced by the washihgs sand followed by calcined flint
while, puncture strength 1s best with calcined flint and
sand and least with rew flint,

- Selection of flint and feldspar for poreelain body
(Fhodes, 1960) must be considered not only from the
standpoint of chemical purity and freedom from iron, but
also for their exact firing tempereture, It should

©  however be noted here that commercial flint is prepared

from various types of quartz and not necessarily from the
mineral flint, _ : B
Okene, rock quarti is found in Kware State, while
Baure quartz seand exists in large deposits in Baure,
Katsina State, Two analyses are presented for Baure
quartz sand, The analysis given by Ajayi (1985) is:
S10,  99.4% |

A1,0,  0.6%

A slightly different but more detailed analysis by Nwankwo
(1985) is; |

ey . - Jp———
et T e gy i T e N R B i T T e T e T
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510, 96,91

A1205 0.63

Fe, 05 9.80

e . 0.56
K,0 0.19
ano 0.19

L.O.I 0,42 .

Pure quartz, with a specific grevity of 2.65 at 20°¢
(Worrall, 1982), occurs as transparent crystals and has a
slightly cremped framework, Cardew (1969) has observed
that "heat increases the activity of molecules end (in
crystals) loesens the rigidity of the inter-etomic bonds"
with the increesed mobility resﬁlting in thermal
Iexpansions. In the ceramic industry, these linear
expansions are measured &3 percentfgesa nver.a given
range or &3 the ceefficient of linear expension (1.e,
expansion in unit length per degree Celsius),

The three silica polymorphsgIQuartz, tridymite and
critobalite, each has a lew (alpha) and & high (beta)
modification, According to Singer and Singer (1963), the
change from one to the other, which 1a quite sharp, is
reversible beceuse it is not & radical change Involving
band breaking and rearrangemsnt of the atoms but merely
& change of bond angles and slight adjustment of inter-
atomic distances,

Alphe quertz heated to 573°C. or over, will see the
Si-0~S1 bonds strejighten someWkmi resulting in the atoms

beceming less closely packed with & marked expansion
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(gquoted mg I1.0% pmean linear per cent by Cardew, 1969).

The practical implication of this expansion are: the
failure of a kiln at around this point can lead to severe
shattering of wares (Fournier, 1973); In a body conteining
a high proportion of free silica of fine particle size,
this is the tim® when cracking will teke place if the
temperature is increased too gquickly (Cardew, 1969), the
Tiner the particles, the greater the danger of cracking
will be, Rhodes (1973) stressed thet this change af volume
in the quartz portien of @ clay body, @although rather
slight, must be accemplished slawly. He points out that if
ane part of a2 wqre in the kiln is heated up faster then
another *. the unequal expansion in the piece may also
cause it to crack, Likewise, care 13 needed in cooling
so that the contraction at this critical point is passed
safely,

Similarly, cristobalite heated over temperature
range of 220 - 280°C (this veriation is probably caused
by the differences in the degree of crystal structure,
Ford, 1967, Werrall, 1982), has an inversion from alphe
to beta which differs from that of quartz, Green (1963),
reports that at ZZOOC., the bete cristobalite in the .
cley suddenly reverts to alphea cristobalite with a x
decrease of volume of 3%, When this contraction takes \\
glace, the glaze is already set hence, it is put into
chmpression at a point referred to &8s the "cristobalite
squeeze", However, if the strain set up between the clay
and glaze is too much, the glaze is put in tension and

must crack or "craze'", It then followa that for me&ximum
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“durability end f£it, a glaze shomld be in slight

compression over the body.
In cases where firing is carried to a point where

the free silice in the body goes into glassy melts with

" the other materials, there is no crystalline chenge

upon cooling and &s such, there is no loss in volume tn

_ put the glaze into compression. It was observed
(Fournier,1973), that "most of the silica in & glaze &nd,
to & lesser extent, in the body will unite with thﬂ_?@se;
| t0 form silicates in which case the reverse beta t;ﬂalph&
inversion does not occur." Stoneware and porcelain
glazes at 57300. and all glazes at 270°C., have become
rigid; they have passed below thelr annefliy temperature
range (between 800°C and 650°C). Conteining no free
silica 1in cryastalline form, the glaze itself 1is

unaffected by the changes, But the body to which it is

welded if 1t contains any quartz or cristobalite, will
suddenly shrink and put the glaze into a state of
compression., (Cardew, 1969). o o
- To control crazing which 15 céﬁéédibv'a:ﬁigﬁwexﬁlﬁsiona
ﬁnd contrection in the glaze relative to the expansion of -

the body, the inversion of queartz at 573°C 1is used to, es

if ﬁaa, nﬁfréﬁ.fhe contraction differential,

Green (1963) suggests reducing the contraction of the
glaze 1tself by changing its composition by the addition
of silica., He explained that "in & glaze, all the silica
i3 dissolved by the fluxes - and there is no question of

eristobalite being formed at @ll, Some fluxes such as
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potassium oxide and sodium oxide do cause considerable

shrinkage in @& glaze", so that when silica content is
increased it reduces the effect of the offending oxides
by reducing their proportion. Green (Ibid) advised
that if an additional 6% does not stop the crazing some
of the fluxes must be changed for boric oxide or zinc
oxide,

Cardew (1969) talks of other rearrangement processes
which occur between the inversion point of quartz
(573°C) and the melting temperature of quartz (usually
quoted as 1713°C). He calls these reconstructive
changes because, here, bonds are broken resulting in a
more open structure as reflected in the volume increase
and the lower specific gravity of the new forms: quartz
2.65; cristobalite 2,32; tridymite 2,26, According to
him, the non-quilibrum change 1q£morgfprtctiétl interest
in pottery firing because 1t involves a direct change
from quartz to cristobalite which begins at as low a
temperature as 1025°C, These new forms of silica
induced by heat will keep their new shape on cooling,
Ford (1967) listed some variables which determine .the
rate of conversion of quartz as: the temperature; the
grein size; the nature of the quertz; and the fluxes
present.

Fine quartz will not necessarily convert more
rapidly than coarse quartz. Ford (1967) showed that in
many cases if the degree of strain in the quartz

crystals is high, the conversion rate of very coarse
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quartz will be so great as to cause shattering in
firing. . |

Apart from opening the body and decreasing both
plasticity and shrinkage, improving resistance to
warping and improving the receptivity of the body to
glaze, the presence of quartz gives hardness and o
stability to the final product. In its powdered form,
inhaled queartz lodges in the lungs and causes silicosis,
Measuring the level of dust in the air is8 & recommended
practice to compare with the Threshold Limit value (TLV)
for Crystalline silica. TLV is Described as that
contentration of dust to which it is belived thet all
workers may be repeatedly exposed without adverse
effect. .

' _ If quartz sand is to be used, a specified finess

of about 50-55% less thean 0.01mm is recommended by Waye
(1967) who further suggests Adetermination of the filness
by the Sedimentation (Hydrometer) Method for routine
control. R w

2.3.3, Feldspar | ‘

Optical exemination of & fired porcelain insulator
ahd, as 8 broad generalisation, fired heterogeneous
clay bodles, reveals the most obvious reactions to be that
part of the body softens and surrounds the more
refractory grains and, by capillary and surface tension
forces, partly dissclves them tomether (Singer and
Singer 1963). Cutler (1978) contends that additives

that form a second pvhase without forming 2 1liquiAd
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inhibf#t the densification vrocess while the liquids

appear to increase densification, A familiar example
of the latter is the case of porcelain where the
feldspar contributes a liquid phase that promotes
densification.

Feldspar in a body lowers the temperature of liquid
formatisn during firing. On coaling this liquid forms
a glassy matrix which brings the grains of the body
together. Since the aim is not to vroduce more glass
than is necessary, care 1s taken in makineg such
additions, Worrall (1982) argued that though feldspars,
within limits lower considerably the softening point of
any alumino silicate (e.g. clay) to which they are
added, the amount will devend to a first approximation
on the number of equivalents of N020,K20, or CaQ that
have been added, The fluxing power of alk&kli-bearing
minerals therefore, depends on the molecular provortion
Na®. cago or K,0 contained therein.

There are twelve types of true feldsvar and many
other feldspathic materials called feldspathoids. The
twelve true feldsvars can be separately identified by
chemical composition and will, in carefully selected
specimens correspond to idealized formulae. (Hamer,
1975).

The general properties of feldspars are their
cleavage into angular pieces with hexagonal tendencies,
polarized reflections at the fractured edges, hardness
(6 on Moha Scale), and sometimes, colour. Some feldsvars,
noted Hemer (1975) show signs of plasticity like clay

and similarly react to flpcculation.
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o According to Rhodes (1973),

-,Aﬁﬁﬁﬁkdéﬂﬂff;ﬁﬁvmtfxﬁfmm
Commerciallfeldsﬁafs usually have higher amounts of

‘8ilica and alumina than the theoretical composition,

-and are often a blend from different parts of the same
qQuRrry or from different quarrises, to keep the material
hniform in composition. I“ | -

The most common feldspars are orthoclase, anorthite,
and albite. A3 indicated by Fournier (1973), feldspars
consist of the alumino silicates of potassium, sodium,
calcium ahd,+more rarely, barium, The theoretical
formulae are: Potash feldspar (QPthoclase) Kzo.A1203.65102;

.soda feldspar (albite) NaZO.A1203.810 : lime feldspar

(anorthite) Ca0.41,05.25105. Feldspers ere named
according to tﬁe predominant flux.

The observed physical pnroverties of both Okene and
Zaris feldspar seem to justify their categorization as

notash feldspar. Nwankwo (1985) analysis of Zaria

0 feldspar would seem to negate this classification. The

L% .
analysis is: SR
o :; el . 8ip 65.7‘1

o S 1511203 1% .49

O T X |
‘ {’ el . ."'.' _ Na20 0.76
101 0.39

Singer and Singer (1963) contend that feldspar 1is

uthe mos8t convenient form for introducines nearly insoluble
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alkalies becauée the alkalies in massive feldspar are not
water soluble though fine grinding, nevertheless, releases
some of the alkali. The alkali content of the feldSpér will_;
he some-what lowered by wet erinding followed by filter
pressing and drying. .A dry ground feldspar will, on
addition to & wet batch, release free 2lkali and alter the
pH (1.e the relative alkalinity).

Williamson (19?8) propounded that dry strength of
extruded npileces may have higher values still if the

interstiltial liquid in the plastic mixture contain

dispersants ~ these promote more intense particle
parallelism and closer particle packing - Adeliberately added
or which may have resulted from reactions between the |
interstitial liquid and solid rarticles of feldsyar, nepheline
syenite, glass and so forth, which release alkali metal ions.
Following Sineer and Sineger (1963), electrical
conductivity is lowered by complete exclusion of sodium
replacing it with potassium. Power factor (i.e. & measure
of the energy lost when 2n insul2tor transforms part of the
electrical energy inte heat) rises with the alkall content
and with any porosity that could absorb humidity. Sodium
feldspars, due to their vremature decomposition with
vaporisation of the soda, can give rise to norosity.
Carhongaceous matter can also lead to pore formation. High-
Soda Xeldspars have been observed (Singer and Singer, Ih4d)
tp reduce vitrification in ahody leaving such bodies |
susceptible to warpage during firing.

R T ST L T

irabor et 21 (1987) concluded that certain feldspars of
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" thé soda variety and those with ﬁn ap;;éciable mica
- content are unsuitable for production of porcelain
electrical insulators., The presence of mica in the body
was found to create micro-pores in the insulator thereby
reducing its physical and electrical insulation
. properties., L e _ -

While commercial high pofash.féldSpars melt in the
1100 to 1200°C. range, pure potash melts incongruently
at about 1150°C to yield crystals of leucite and a
silica~rich liquid of high wiscosity which makes the
ware translucent without collapsing. The high viscosity
of potash feldapar 1s 1llustrated in the work of Morey
(1934 ) who heated a mixture of the composition K20.A1203.
65102, with intermediste cooling eand grinding when a
spongy sintered mass resulted. Heating was continued
until the platinmim ¢rucible containing it melted
(nelting point of platinum is 1773°C). No molten
homogeneous glass could be obtained, thus 600°C above
the temperature &t which melting began and 200°%C above

the temperature of complete fuslon, the viscosity was
5till so high that the mass could not flow together.

In selecting a feldspar, Rhodes (1960) and Waye
(1967) recommend the use of a fusion button fired to
glaze temperature during which the feldspar should fuse
to a2 smooth, white, glassy mass., If reducing fire is
to be used for making the ware, the feldspar should
not show any sign of gray discoloration from carbon as

2 result of the fire.

atlna, e
EEA i
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Waye (Ibid) proposed that, although grain size is
'hct Guite so important as in the case of quartz, ;t
should be controlled within the usual range of‘fin;ness
of quartz. Control of its chemical composition is
important because, variations in alkali content and also
in the potash/scda ratio may have important effects on
. firing behaviour and fired propertieé; Apart from
melting at different témperatures, potash and sods
feldapars form eutectics of different melting points
with other body constituéﬁfs such as silica and
metakaolin. |

Feldspar 18 sometimes introduced in form of feldspar
sand and, occasionglly, pegmatities and nepheline syenite
are used, For product standardization as far_as.thé
fusibility end colour are concered, a fusion ‘button test
involving a sample of each batch fired together with a
' stendard samplé iz a suitable method of @’ reutine control

(Waye, 1967) - = . .,

2434, _Talc

Raw talc, ﬁafioﬁslv referred to as "soanstone",
"French chalk", -~ the term "Steatite" is reserved for the
magsive form - is a méégessium silicate with the formula
Mg0.4510,.H,0, It has a greasy feel and is not easily
wetted, Its specific gravity and hardness on Mohs Scale,
according to Singer and Sineer (1963) are 2,6-2.8; and
1-2 respectively. A

' The colour of talc varies from white to light green.

Woakes (1988) opinion on the variation in colour of talec

I S T . PR I PR .
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outcrops is that it i1s indicative of compositional
disparities: those bearing tremolite and/or chlorine
tend to be greenish; outcrops that are largely talc are
whitish &2nd may be massive., _He further onined that
"those that are rich in diopsidic vyroxane or tremolite
wWould be less desirable for ceremics since enhanced

lime content reduces firing capabilities." 1In their own
argument, Hauser and Gunzenhauser (1948) held that the
important requirements for talc is that it should be
"soft, substantially free from foliated, flaky or fibrous
material and from gangue which produces derksnots when
fired," The colour of the raw material, they continued,
is of no importance as long as it fires white after
heating to 1350°C in an oxidising or neutral atmosphere.

Talc is an idealized mineral which in nature has

according to Hamer (1975), a variable formula of
proportions and nearly always contains some calcium iron,
and alumina. Petramin (1988) contention is that of the
world reserves, only a small nercentage could be regarded
as "pure" and that talc is very difficult to vpurify by
gravity seperation, but, 28 noted by Singer and Singer
(1963), it lends itself favourable to froth flotation
methods: it floats readily with pine oil and also with
creysylic acid or alcohel. Petramin (1988) interpolated
that when pure talc products are reprocessed by froth
flotation or similar selective sen: ratory methods, very
high purity talc mineral can be produced.

Waye (1967 ) estimates the nercentages of MgO and 8102
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in a good quality talc to be about 51-53 and about 57-62
respectively with about 5% ignition loss, Typical
chemical analyses of some talc ores and products are
given in Table 2.4:

Table 2.4:

Typical Chemical Analyses of Talc Ores and Products

Pure Talc

(Theoretical) 1 2 3
8102 63,36 59.16 59.80 61.89
Mg0 31,809 21 .34 27.45 28.02
Fe203 - B30 0.05 %5.88
TiO2 - — Trace
030 - 0.15 6£.80 0.50
K20 - - - Trace
Nazo ot - - Trace
002 - 1.76 1.48 -
MHO - - 0039 T'f.‘ace
s - - 0-07 -—
NiO ~ - - .22
Cr'ZO3 - - - 0.34
Cao - - - Trace
FeD - - 0.15 -
LO1 - - 4,75 ~

100.00 100.32 101.21 100.00

Source: Petramin (1988)

1. Flotation talc, Johnson Mine Vermont.

2., Average talc Ore, Talcville, Gouverneur District,
New York.

3. Petramin Talc, Nigeria. (Brink Jones)
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Commercial "talcs" may or may not be predominantly
talc, as associzated minerals such &s calcite, dolomite,
quartz, magnesites and chlorites are common (Heystek,
1978). (10r7) _

Singer and Singer:;ndic;%ed that <yitrification
fange of talc is around 1270° to 1BSOoc., with a fairly
sharp melting point at about ?SOOOC. When talc is
heated, it undergoes decomposition and seversal
transitions. The temperatures at which such changes
occur will however depend on such varisbles as the
impurity levels and the fimencszof grinding. Ford (1967)
showed that dehydration of talec yields the equilibrum
products, enstatite and silica with the silica content
of the dehydrated mixture very close at 66.7% to that
of the eutectic between enstatite and silica at 65%, =o
that a large amount of melt is produced at the eutectic
temperature of 1543°¢,

Suitable quantities of talc or steatite introduced
into certain ceramic bodies have been observed (Wetzel,
1925, Singer and Singer, 1963,) to impart & number of
advantageous properties: where talc is the major
constituent - 70 to Q0% = a highly suitable electrical
insulating body type known as ‘'stestite'! is produced.
Similarly, where the body composition approximates to

that of Cordierite (EMgO'2A1203,SSi02), bodies of low

thermal expsnsion and, therefore, high thermal shock
resistance together with good electrical properties are

obtained, In smaller quantities, the fluxing &ction of
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the magnesia gives the highest value for the impact
bending strength, modulus of elasticity, Low
coefficient of expansion, and a lowering of msturing
temperature, _'“ I. ; N o L _ -

_ Singer and Singer (1963) suggeéféd a2 3 - 4,.5%
addition of talc previously fritted with tho feldgpar
This view 1s shared by Alvarez-Estrada (1979) wio talked
6f porcelain pastes that have been put into manufactur:
with additions of 3% talc and 2% zinc oxide., Such
bodies, he observed, mature at 129000 with 1littro
deformation, goodl transparency degree, gond whitcneen
and strength to bending and shock. A lowering of'f- 
maturing temperature by 10000 wag also recoried.

The fluxing action of talc was explained by Hamer
(1975). According to him addition of talc increases
resistance to thermal shock because it produces a flux
low in expansion rate. This flux involves the free
3ilica left from mullite formation and the silica
introduced in the tale. 1In this process, magnesia (s
used as a flux and not as a catalyst. The free silic~
is thus involved in a melt which, due to its magnesia
content, is & viscous melt and notone so dcitruective to
the ware as fluid/silica melts. By becoming molten
the silica, whether quartz or cristobalite, loses its
crystalline nature and becomes of low thermal sxpansion,

The alumina, iron and titaniza contents nave bee
observed to affect the vitrificetion, fin2l microstruc-
ture and electrical properties. An ignition test was

suggesterd by Waye (1967), in detecting any specking
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(due to large particles) &nd colour changed (which
may indicate changes in iron content.) Very -~

latge vlatelets cause lamination Auring extrusion.
Waye (Tbid) reported that some manufacturers take
recourse to calcination of the more platey talc hafore

use,

2.4, Body Formulation

Three canons emphasized in preparing 2 body fer
electricnl insulation are: freedom from contamir~tion:
accuracy in batching; and homogeneity.

The compesitions given in table 2.5 below will not
enjoy universal applications because, raw materisls
vary and with them the properties of the ware
manufactured., Rational Analysis, introduced as a basis
of comparison for materials, does not always give a
true picture of the constitution of a clay. Apart from
the fact that it operates from an arbitrary point, the
asgumption of a definite chemical formula for a given
mineral is misle2ding, Other variations from the
compositions given (table 2.5) will be determined by

firing temperature and facilities available,
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zable 2.5

R 1

Typical Recipes for Electrical Porcelains

41

ENGLISH GERMAN U.S.A

29¢ 20c '
Clays 25b 35b 40 61 37 53
Feldspar 34 25 M 10 2% 24
Pegmetite - - Ly 15 - -
Felspar Sand s e 5 45 SR
Quartz 20 20 - - 33 249
Whiting - - - > "o

Source: Waye (1967)

Key: ¢ - Kaolin h
. b - Ball |
:W According to Waye (1967}, the quantity of clay to
use in an electrical porcelain requires a compromise
between having insufficient to give desired nlasticity
'.and having so much that the resulting excessive dArying
shrinkage could cause cracking during drying erd dis-
tortion in firing. More than 40% of e plastic clay is
dangerous in this respect and the total clays ere kept
under 55%: & preponderance of keaolin, apért f?om,gifing
more rigidity during firing, alsc increases the firing
. range (around 50° for porcelain) over which vitrification
~gceures, A high percentage-~ of the ball clays at the
expense of the kaolins, on the other hand, would lower
the firing range. !

Feldspar content kept below about 25% would require

Cape et T, ey P . G4
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rather high firing temperature while feldspar content
in excess of about 35% may give difficulty during firing
and an excessive amount of glass which would be inimical
to the thermal shock resistance of the ware,

As a filler, the silica reduces the total shrinkage
and imparts rigidity to the body during firing, so that
the original geometrical form is preserved; although on

a small scale (Davidge, 1979), Thouszh the effect of

quartz on firing temperature and range will depend on the
type and quality of other components present (Waye, 1967),
it should be noted in vpassing that if in excess, say 40%,

the ware becomes more subject to dunting or"cratkifiz on

cooling.
The discourse so far would seem to justify Waye
(1967) eapproximate limits of 40-603; 20~35; and 20-40,

for clay substance; feldspar; and quartz respectively.

2.5. Body Preparation

Air-floated ball clays 40 not require any
preparation and may be added to the body mix as they come,
(Rhodes, 1960), Rhodes (Ibid) recommended that lump ball
clays should be first blunged with plenty of water to a
thin fluid slip, then 150 -~ mesh screened to remove all
particles of grit, lignite or other foreign matter. The
slip is then dried and the clay is ready for use.

The industrial solution to the problem of iron
impurities which usually get into the clay during mining
or transportation, is running the slivp over a powerful

magnet (magnetic filters) which attracts and holds the
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metallic impurities.

A calcination temperature of 900°C was used (Okoruwa,
1986) for both quartz and feldspar followed by Jaw
crushing and ball milling for 24 and 18 hours respectively.
Grindineg times for materials have been found by various
investigators to depend on the following variables;
operating speed of the mill; size of the mill; hardness
of the material,

Correct granulation has been identified (Waye, 1967)
as being vital tc the whole process and must be strictly
controlled in order that the fired product, apart from
conforming to clese dimensional tolerances, be of
uniform density both from niece to niece and within each
piece, have zero open norosity and also sealed porosity
(therefore high bulk density) give high mechanical
strength and acceptable electrical or magnetic properties.

Cutler (1978) said:

The theory makes it clear that particle
size is a very important variable in the
densification process. The rate of den-
sification, rerardless of which theory
or equations and mechanisms are employed,
is inversely proportional to nmarticle
size for a simple viscous system at any
temperature and inversely provortional
to varticle size to the 4.5 volume for
volume diffusion. This means that the
smaller the particle size of the material,
the more active the powder will be toward
sintering.

On the other hand, (Cutler, 1978), using fine particle
sizes (less than 0.1 microns) decreases the green density

of particle compacts of very fine powders and increases
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sintering shrinkage.

The particle size of feldsnar, exnlained Singer and
Singer (1963), has considereble influence on the reaction
occuring during firing. If too coarse, insufficient
homogeneity leads to centres of pure feldspar glass,
while overground feldaspar reacts too fast with the
kaolinite before the resultant liquid attacks the quartz
and leads eventually to clusters of mullite crystals
unevenly dispersed in the body hehce, medium grind gives

an even network (see table 2.6).
Table 2.6

Proportion (volume %) and Particle Size of Materials

in an Electrical Porcelain Body (After Dinsdale and
Wilkinson, 1966)

Material Approx, Median Electrical

Size (um) Porcelain
Clay Ball C(Clavy 0.5 oS
China Clay 1.5 25
Flux  Feldsmar 10 25
Filler Flint 10 25

SOURCE: Davidge (1979)
The quarta particle size is very important as will

be seen shortly., According to Singer and Singer (1963),
if too coarse it does not Aissolve in the fluxes, The
transparency of the ware is reduced and finishing
temperature is also generally raised. Kingery (1978)
observed that "the rate of dissolution of the quartz

grains is the slowest process taking place during chemical
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~equilibration"., He was further of the view that as a

~result, for usual perticle sizes, the quartz will

#: . completely dissclve to form 2 glsss only after long high-

- temperature firing, but that "at lower temperatures, a
solution rim that has very different thermal exnansion
characteristics forms earound quartz grains and gives
rise to stresses on cooling, often cracks, "Fine-ground
quartz, on the other hand, (Singer and Singer, 1963)
agsjists in the fluxing action of the feldspar, while
overfine quartz, among other things, leads to crazing.
At this point it becomes necessary to examine the
two theories ~ Mullite Hypothesis; Strain Theory - usually
advanced to explain the observed fired properties of
electrical porcelain, particularly, the mechanical
strength, | o I_ o \ ,- Ry |
Under the Mullite Hypnothesis, the stféngth of vorce-
lain is largely dependent on the interleckting network of
Mullite crysteals formed during firing. Protagonists of
this view point (e.s., Rieke, 1925) present evidence to
show that "high-clay bodies give higher strength than
high~guartz bolies due to a decrease in internal strain as
2 result of the smaller difference in thermal expansion
between the crystzlline phase and the glassy rhase as
ﬁhe formation of Mullite increases while the quartz
content decreases." _ :
Similarly, Mason (1957), PRlatzky and Tummler (1958)
indicated that progressive replacement of the quartz by
porcelain grog groond to the same size results in a

corresponding increase in strength. This again amounts
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to 2 ‘nes2tion of the strain theory suffice it to cay thit
under the strain theory, 2 reduction in internal stresses
would be expected to result in a reduction in strength,
even though a member of the onposing school (Winterling
1961) obtained even higher strength through substitution
of the composition used by Mason (1957) and Palatzky and
Tummler (1@58) with size classified quartz for grog.

In a seeming 5”%5°riﬁt}9?1ﬁ° the mullite hypoth~3is,
Singer and Singer/ contend that since undissolved quartz
is detrimental to strength, vertic ularly tensile stren.*%»
improvements can be obtained by replacing it with glont
pitchers, calcined ball clay, alumina or 4= -=?

Under the strain theory, the increases recorded in
strength is ascribed to compressive strains imposed on the
glassy phase by the greater contraction of the free quartz
durihg cooling.

An exponent of this school, Mattyasoveky - Zsolnay
(1957) failed to see any effect of Mullite on strength,

He therefore, suggested the use of a low-kaolinite high-
quartz body. He surmised that grains larger than about
30 microns were the more likely to crack resulting in
lower strength, while grains smaller than 10 microns
would be dissolved in the glassy phase resulting in a
decrease in the pre-stressing and therefore, the
strength. This then implies that maximum strength is
achieved when particle greins are kept within the 10 - 30

micron limit.

Though they do not give a size limit, Kingery (1978)



51

and Davidge (1979) agree that the solution to making
stronger electrical porcelain lies in using quartz
rarticles of & finer size or, alternatively, in using a
different filler such as alumina which "is more
compatible with the matrix from an expansion point of
Liew."

.- Waye et 8l (1963) investigated the properties of ¢
conventional English type of electrical porcelain, in
varticular as a function of its composition and grain
size of the quartz over a range of firing temperatures.
Using the composition: blue ball clay 12,5% black ball
clay 12.5% China clay 25,0%, feldspar 25.0%, quartz 25%.
The approximate rational composition, using the Feldsnér |
Convention for the clays was: 449%: 28%: 25%, for clay -,
substance: feldspar; and quariz respectively. Nominally,
the gquartz was 50% below 10 microns and 55% below 10
microns for the feldspar., nNetermination by theﬂﬂydro~
meter method gave 52.3% less than 10 microns for the
quartz and 47.3% for the feldspar, percentage of the
quartz between 10 and 30 microns being 34%.

From the study by Waye et al (1963), it was revealed
that grinding quartz for the excentionally long neriod
of 36 hours results in 15% reduction in strength. It was
assumed that this Aecrease was.as a result of lower-
maturing temperature of the finely sround material
resulting in either overfiring or excessive solution of
the quaritz grains or both, It was also discovered that

strength increased with increasing quartz content even
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though the body with a high clay content had the L!~heci
strength of all.

Waye et 2l (1963) then proposed that a satisfactor;
alternative to the strain theory would pregvatly have
to ascribe the observed increase in strength with
diminishing grain size of the quartz (down to 2 rariain
1imit) "to a decrease in the localisation of strerses,’
They were further of the view that it would apresr
plausible to expect that smell grains woul” be less
likely to be associated with cracks or that such creck-
would be less damaging than those associetel witl large
grains, The decrease in strength recorded when the
fiwev 25 ~fthe qulrtz exceeds the optimum, tﬁe; conclude?d,
could be due to the inhibition, by dissolved quartz, ol
the development of mullite in the glassy ph=se.

It is sometimes claimed that grinding the quartz
and feldspar together gives stronger products with lower
thermal expansion coefficients, (Waye, 1967).

Wet milling is generally preferred over dry mixing
which 1s usually restricted to bodies to be shaped Ly
pressing. Somansundaren (1978) adopted the views of Lin
end Mitzmager (1968) in ascribing the efficiency of wet
grinding to a "reversible reaction ﬂetween unsatisfield
surface bonds and water molecules." Water, in the form
of vapour is also expected to produc§ such "hydrolvytic
corrosive effects". Somansundaran (Thid) listed some
physical reasons responsible for the increased efficiency

of wet grinding. According to himj; "Cushioning effecto
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‘due to the pfeﬁsﬁce of & bed of fines" will be less in
wet grinding ("where the perticles teni to remain
sudpended in the water") then during dry grinding;
Effects of viscosity end specific gravity of the medium,
 In congidering the amount of water to use in wmillin-
the 11 to 18 percent of the Jars cubic capercity gilven by
Cardew (1969) will serve as & reference point. Turing the
milling of some materials (e.g. feldspar), scme alkalt is
dissolved, The dissolved alkali deflocculates the
suspension and increases the fluidity of the mixture,
Such materials therefore, reduire lesa water than that
required for meterials that do not release deflocculatiag

aubstances,

2.6, Forming

' The methods of manufacture for electrical porcelain
iﬁaulator, according to Irabor et al (1987), are: lathe
turningjduat.pruaaing:*pla:ticfhydrostatic pres<ing . ard
slip casting., For lathe turning and piastic pressing,
the body 18 passed through a de~-8iring pugmill or allowed
to age for several days or, sometimes, weeks, before use,
In dust pressing, the meterial is pressed et between 10%
~ 15% moisture content, For plastic pressing in dies or
rubber moulds, the body should have good plasti-city and

about 25 - 30% moisture content.

2,6,1. S1ip Casting

Casting is perhaps the best method of forming porcelain

because 1t does not depend on extremes of plasticity in
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the clay (Rhodes, 1960).
Phelps and Mclaren (1973) s=id:

Casting slips are fluid suspensions c.l

one or more particulate ceramic miterials
disperred in a licuid, usually water, ai
high solids volume by delocculating age ts.
A casting aperation involves consolicacior.
of suspended solid~ intc a semirigid mass
through removal of a portion of th~ liqu’l
by an absorbent mould. Casting slir "v-pen-
sion particles ar~ normally predominently
non colloidal (less than 0.5um), alth-ugh
some colloidal ma“erirl must bhe ra- 2.0 10
ensure slip stability and good rheolosical
qualities.

Deflocculaticn is ~chieved by adding to the
suspension waterr, suitable soluble alkalis which exchange
their ions (cherged atoms) with those of lhe clay
particles so that the clay particles are all of similar
"electrostatic charge." (Hamer, 1975).

Worrall (1982) contends that as long as the zeta
potential (i.e measure of the energy of rerulsion of the
particles) is high; of the order of 50 myv or more, the
particles repel one another so much so that “hey do not
come together no matter the proximity of the particles,
They slide past one another without meking contact to
form "flocs." The zeta potential, continued Vorrell
(1882), is determined to & great extent by "the type of
exchangeable ions present on the clay",

Hamer (1975) classified deflocculants into;

(1) Alkali cation type which "promotes cation

exchange between itself and the cla; particle

witl the aew cation Iincreasing tie zeta poteniial
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of the particles." Alkali cation type

deflocculants include sodium carbonate,
potassium cersonate, soditum hydroxide, and
sodium oxalate, It should however be noted
in passing that there is a 1limit to the
deflocculatory effect which ckn be achieved by
cation exchange;

(11) Polyanion type which, while "providing
cations for the outer layer" as does the alkali

cation type, enters the inner layer where "an

anion exchange is effected by the polyanion half

of the deflocculant replacing the anions on the
clay particles, Polyanion deflocculants include

sodium silicate, sodium poly-phosphate, ™ sodium-

acrylate and socdium tanrmte,

Wunnik (1962) is of the view that soda ash should
be used only 2s an initial addition to activate the
orgeanic colloids, while adjustments should only be made
with sodium silicate,

Singer and Singer (1963); Hamer (1975); and Worrell
(1982) recommended the use of a combination of sodium
carbonate (cetion exchange) and sodium silicate
(pdlyanion) because, apart from giving full control,
precipitates from this comblnation are not harmful both
in the suspension and the fired ware, Norton (1956)
suggested lgm of deflocculants to 125gm of solid
ingredients and that variation from this should not
exceed 1,7gm to 125gm of solids.

Effective deflocculation is usually affected by the

o

&
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following; soluble salts such as calcium sulphmte, Ca804
(in the form of gypsum) in which case Ryan (1978) and
Worrall (1982) suggest tresting the clay with the
requisite amount of barium carbonate, Baco3 (about.02 to
.01 per cent by weight of the solids) to precipitate
barium sulphate &nd calcium carbonate which are less
soluble and do not interfere with deflocculation;
Contaminated water which would have to be specially
demineralised. (Singer and Singer, 1963); Slight
fluctuation in moisture content (Rhodes 1973, Okoruwsa,
1986): Some deflocculents (e,g, soda ash), when exposed
combine with airbone water to produce sodlum hydroxide -

8 flocculent ~ which will cause the clay to forn lumps
and sediment: livering, (Hamilton, 1974). |
Barta (1960) according to Okoruwa (1986), gave &

caﬁtabkardnge of densities of industrial porcelain slips
of 1.52, 1.67, and 1.77g/cm3. Okoruwa (Ibid) also ﬁ |
" indicated that Norton (1956) had earlier given speclfic
range of &bout 1.70 to 1.80 for porceleins., While o
recommending 2 specific gravity of 1,70 for porcelein
bodies, and 1.40 for glaze slips, Ckoruwa (1986) opined
that "the specific gravity determinetion process will
always produce slip of right amount of water which

. controls the level of fluldity, viscosity, thixotropy
and rheology since all have profound effect on casting

T
ER
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For a body of composition:

China clay 201bs
Ball clay LOlbs
Cornish stone 251hs
Flint 101bs
Whiting 511bs
Grog 60s/dust 401bs
Distinguishing stain 20z
Sodium silicate 140° Tw 2 fluid cz
Sodium carbonate e e

Water hClbs ;)

Hamer (1975) suggested that annroximately.hﬁlf the wat r
be put into 2 blunger and approximately a quarter of the
clay added., This is blunged for a few minutes while
the sodium silicate and sodium carbonate ar~ Aissolved
in very hot water. About 2 quarter of this solution is
added to the mixture and blunged for about five minutes.
The remaining water is now added together with the
distinguishing stain which has been mixed with hot water
and passed through a fine sieve (120s to 200s). The
remainder of the clay and the deflocculen* enlution 2re
added and blunging continued for about he2lf-an-hor~,
The s8lip should now be extremely fluf*d. ™™e cornish ~+nna
flint, and whiting are now added and the vhole slirt
blunged for another half-an-hour. It is8 new sicved
through a 120s mesh, The grog is screened seprately and
added to the slip and mixed in thoroughly. The fluidity
of the slip can be adjusted at this point 'y adding still
more water,

Slip cannot be stored indefinitely, but if the

storage tank is non-corrosive and airtight, it can be
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stored for about 20 dnye. A axin roms; on the surface
of the slip where it meets the air during storage.
Hemer {fbid) stressed that the skin must not be stirred
into the slip because 1t contains carbon dioxide from
the alr which, due to its flocculatory effect, spoils
the fluidity of the slip, He indicated that a layer of
oll on top of the slip will prevent this neutralization,
Plaster of Paris alao known a&s calclum sulphate
hemtihydrate, is wrevnared by heating gypsum hetween 120°
and 160°C. Tt 18 used for the making of moulds for slip
casting, {(Worrall, 1982). The 130s mix (i.e 130 parts by
weight of plaster to 100 parts by weight of water) is used
for casting moulds, | | H o
To calculate amounts of water and plaster of Fﬁria
powder required, Hamer (1975) suggested estimating the
volume of space to be filled by measurements, This
volume, ‘maltiplied by 5 and divided by 7 will give the
volume of water that will be required. The volume of
water is taken as the unit from which the weight of 3
plaster is calculated for 120s, 130s or 140s mix, s
To mix the plaster, Hamer (Ibid) suggests sifting the
measured amount of powdered plaster through a 208 mesh
before sprinkling into the measured amount of water. The
sprinkling is intended to give & thorough wetting to
each particle., This is further ensured by a2llowing the
mix to remain unstirred for one minute, A thorough
wetting prevent2 formation of Jumps, When stirring

begins, it must be thorough and continuocus, avoiding

wedongt o a Srege A0 g
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frothing or entrapping of bubbles, Pouring time commences
from the stirring to the time setting begins, and this
varies with_the mixture ratio, While a fresh powder in
good condition will give 3 to 6 minutes of pouring time,

an old plaster which has absorbed moisture from the air

may give only one minute,

When s8lip is poured into a plaster mould, water is
removed locally from the casting-slip by the capillary
action of the pores (Worrall, 1982) and flocculation by
the calcium sulphate (Singer and Singer, 1963) makes the
body set,

Porcelain slips especially if little or no ball clay
is used, will cast with rapidity which makes it difficult
to gauge the thickness of the piece or to handle more than
one mould at 2 time. (Rhodes, 1960). This rapid setting
rate is usu2lly retarded by wetting the mould. PFhelps
and Mclaren (1978) found that once the specific surface
(i.e colloid fi» » - )is reduced below some critical point,
rate of cast will rise sharply.

The observation was made (Rhodes, 1960), that porcelain
8lips, being quite non plastic does not shrink excessively
in drying, but in casting it does shrink rapidly at first
and this may cause the ware to crack in the moulds, before
it can be removed.

Drying of the ware is usually done in humidity dryers,
chamber, or tunnel.Waye (1967) cautions against too rapid
local drying and too high moisture gradient in the ware
particularly in the thicker sections and bodies having a



high wet to dry shrinkage. Small parts are sometimes
air-dried on racks and further dried at about 120°C.
The trouble associated with this approach, however, is
that such pieces tend to warp and, sometimes, crack if
the rate of evaporation from upper and lower surfaces is

uneven.

2.7. Glaze

Glazes on porcelain insulators help maintain adequate
electrical resistance over the surface in humid conditions.
According to Waye (1967), suitable once-fired glazing can
give quite a large increase in mechanical strengsh due to
the compression developed in the body during cooling and
also to the filling in of scratches, small surface pores
and other surface defects by the glaze. Singer and
Singer (1963) had earlier observed that unglazed
porcelain always has tiny irregularities in its surface
which can offer focal points for incipient cracks.
"Vanishing®™ of the surface, they said, raises the modulus
of rupture 10 to 15%.

Rhodes {(1973) reported that if a clay body is even
slightly porous and moisture can enter it through exposed,

unglazed surfaces, it will gradually take on what humidity

is avajlable. Such moisture, over a long period of time,

brings about & slight hydration of the fired piece, which

is attended by a slight increase in volume. This increase
may be sufficient to make it craze (moisture crazing).

To test for the likelihood of moisture crazing, Rhodes



(Ivid) suggested subjecting the ware to steam pressure in
an autoclave, which is the equivalent of extended time
under normel conditions of humidity. A sample that is

gble to withstand 100 pounds of steam pressure for a period
of two hours without crazing, {38 unlikely to ever craze in
normal usage.

The actual tensile strength of the glaze, noted Singer
and Singer (1963), is a determining factor in the extent to
which the glaze can improve 8 body and the tensile strength

., of the glazes, in turn, dependslon the composition of the
glaze, They gave the ranking of minor glass consitituents
in order of their favourable influence on the tensile
strength (after Gehloff and Thomas, 1926) as:

{1) Boric oxide

(2) BParium oxide

(3) Alumine

(4) Magnesia

(5) Zinc oxide

Singer and Singer (Ibid) also referred to Thiess (19368)

“ wﬁo investigated the influence of giaze composition on the
9] mechanical strength of electrical porcelain and concluded

- that high coentents of alkali and lime in the chemical
composition of the glaze are detrimental to mechanical
strength. Singer and Singer {1963), interpolated that the
firing treatment will also affect mechanical strength. 1In
this application, 8 porcelain glaze fired at 1410% {cone 14)

for example may improve the mechanical strength by about 100%
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whereas another at 1230°C (cone 7), will only record a 50%
improvement,

Isually, industrial earthenware and bone china vitrify
at the bisc stage hence, their glazes are mixed to thick
viscous state which/to fgidzﬁzisby surface tension and
requires t¢ be dried in a warm air current., Stoneware and
porcelain, when bisc fired do not vitrify; therefore, they
absorb glaze by capillary action so that a very much thinner
mixture suffices, It dries almost instantly as the moisture
is sucked into the porous clay. (Green, 1963)

For a glaze maturing between 1200 and 1250°C, Waye
(1967) gave a typical formula of:

0.6 ca0

0.2 K20

0.1 Bao 0.5 A1203: 5.0 5102
0.1 ZnC (or Mg0)

For outdoor applications, glazes are frequently
coloured brown by the addition of calcined mixtures of
nickel, zinc oxide, iron, chromium, and manganese. (Wave,
1967). Singer and Singer (1963) are of the view that a
sujtable addition of these staining oxides, particularly
that of manganese, can increase the mechanical strength of
the glazed piece, with the colour also playing a role in
the thermal properties of the ware, an example being the
"rate at which it will warm up."

Singer and Singer (1963) and Waye (1967) recommend

ma@king the portion of the glaze adjacent to the metal
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fitting, glightly conducting. The reasons given for this
are: |

(1) To enable the insulator "distribute the voltage

evenly over a string of insulators"™, thereby
preventing flashover (l1.e. electiric discharge
over the surface which short circuits the
insulator):

(2) To "minimize radio interference",

A semi-conducting glaze is composed of mixed, calcined,
and ground semi-conducting oxides such as iron oxide with
manganese oxide, After applying the glaze, the insulator
is fired under controlled reducing atmosphere during which
some of the iron is converted to the ferrous state,
yesulting in the formatien of & semi-conducting crystalline
network imbedded in a normal stained glaze.

As cbserved by Waye (1967), apart from developing the
necegsary conductivity by the formation, on cooling, this
network of conducting crystals, joined together in long
chains by virtue of their being ferromagnetic, have the |
« advantage that less of the oxides is required to produce the
necessary conductivity, Otherwise, the glaze would become
mechanically weak and inferior in surface finish,

A problem associeted with use of semi conducting glazes,
however, is that the oxide networks, at points where they
are not fully protected by the glaze, are susceptible to
relectrolytic action."* Waye (Ibid), attributed this problem

to the presence of dissimilar materials at the glaze surface.

5



bbb

To overcome this problem, he suggests the use of an engobe
- & layer of coloured slip - under the ordinary glaze
containing titanium oxide, which is reduced to & controlled
extent to give conduction.

It has been indicated (Rhodes, 19f0), that in the case
of porcelain, the best engobe is usually the clay bodv
itself, Porcelain bodies are known to have a relatively low
shrinkage, A layer of slip put on over the damp or dried
clay will therefore adhere without cracking or loosening.
According to Rhodes (Ibid), a satisfactory slip can be made
by taking the body composition and adding colouring oxides
to it for the desired colour. If engohe is to be used on a
leather-hard piece, or on a dry piece, its composition must
be such that it will have considerably less shrinkage than
the clay body being used for the ware. Where the
application is to be made on a dry ware rather than on damn
or leather-hard clay, Rhodes (1960) contends that the
amount of plastic clays in the engobe composition may have
to be reduced by adding some calcined kaolin at the expense
of the china clay and the ball clay., Arriving at the right
degree of shrinkage in the engobe for the intended
application process, he conceded, will require some
experimentation.

A very thick application of engobe usually results in
cracks unless, of course, the engobe is carefully adjusted,
Screening is usually sufficient to mix the ingredients of

the engobe together with the colourants.
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2.8. Firing

For sintering of porcelain and similar materials,

| temperatures above 1200°¢ up to 1400°C are required. The
reason for this high temperatures is that sintering the
raw batches of porcelain and similar materials to dense
(non~porous) products needs a certain amount of molten
phase, The latter must be formed during the firing process
by decomposition, melting and reaction bpetween the various
components of the batch. 1In the usual composition, these
praocesses only take place at temperatures above 1050°C.
(Wiegmann, 1980).

The bisc firing (900 - 1000°C), of pofcelain is to
enahle glaze to adhere to the body. 1In the firing circle,
an oxidising atmosphere before commencement of vitrification
- 900 to 1000°C - burns off organic matter. During the
early stages of vitrification, - 1000 to 1350°C - the
atmosphere is changed to reducing during which ferric iron
i8 reduced to the colourless ferrous form. The formation of
ferrous iron, according to Williams et 2] (1963), contributes
to the fluxing of the body making "sealing" possible at

temperatures lower than would be possible with only ferric
iron s8¢0 that the bhody becomes impermeahle at about 1200°¢,
Furthermore, oxidation of carbon and carbides deposited
from the fuels at medium temperatures is prevented by
reduction., Rhodes (19A0) stressed that it 13 an observed fact
that in reduction firing porcelain bodies have a long firine

range &nd do not tend to hloat at as early a stage as in thre
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ci#e of an oxidising fire. He internpolated that the ware
does not seem to slump as readily ejither, and this may bhe

as a result of the lack of combustion within the body of the
ware itself,

o The view has however, been expressed (Williams et al

1963; Waye, 1967) that insufficient reduction makes the

ware bloated and the glaze has a mottled appearance,
Bloating, usually associated with overfiring iz an
expansion of the body produced by pressure build up of
gases trapped in a partially fused mass,

From about 1350°C to the end of the soak period (ie
maintajined temperature for a considerable time), and the

beginning of cooling, the atmosphere is made neutral or
slightly reducing (Waye, 1967). During cooling, continued

Waye {Ibid), care is taken over the transtformation range
of the feldspathic gless (800 - 900°C), and also over the

beta-alpha inveraion at 573°C if much free quartz remains.
Mortel {1978) found that "fhe firing achedule, has no :
influence on the properties of the densified body. Only

the soak period is of influence, but this fact corresponds
to the batch composition: time required to dissolve the large
qngrtz grains from a given grade of quartz flour is longer,"

In an earlier study, Williams et al (1963} discovered a

correlation between the bulk density and its thermal expansion

... coefficient, and between the density and the mechanical

strength of hard porcelain. By a limited factorial
experiment, they found that variable firing corditions

encountered in kiln are almost entirely responsible for
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variations in these properties.

From the study it was first established that thermal
expansion was related to bulk density (i.e the ratio of
mass to bulk volume of a material being the sum of the solid,
closed-pore, and open-pore volumes. Worrall, 1982), and it
follows that the far simpler measurement of density would
serve to control production firing of articles. Further-
more, mechanical strength of the porcelain was also
correlated with bulk density, hence, measurements of density
could be a convenient check on quality of wares being fired,

particularly high tension insulator bodies.
The method of Williams et al (1963) can be used to

adjust the placement of ware in kiln when close quality
control is required. It is however, to be used as a
supplement and not as a substitute for conventional routine
testing methods,

A correctly fired hard porcelain, indicated Will-ams
et al (1963) is non-porous in the sense that it "is vacuum-
tight and does not de-gas.” Tt is porous, however, in the
sense that it has a number of "closed unconnected pores,
indicated by the difference between true and apparent
densities.”

A well-fired porcelajin ware consists of tiny mullite
needless,glass,and undissolved quartz., Little, if any,
cristobalite is present. The composition at temperature of
maximum bulk density, according to Waye et al (1963) is
approximately 48% crystalline phase (18% quartz, 30% mullite),

and 52% amorphous and glassy phases,
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Apart from visual checks for obvious'défects, and

close dimensional tolerance tests, Waye (1967) identified

three main groups of test applied to high tension

insulators as:

1 1.

2,

=

3.

Design or type tests - conducted to assess the efficacy
of a design for a particular purpose. Such tests
include: an impulse or flashover test to check the
ability of the insulator to withstand "extremely short
over-voltage surges."; dry flashover and one-minute
tests: ‘+the former involves determination of the actual
voltage at which flash over (i.e. electric discharge
over the surface) occurs, while the latter checks the
ability to withstand a specified (lower)} voltage; wet
flashover and one minute rain tests, similar to dry
flagshover and one minute tests but, conducted under
simulated rain, - |
Sample tests - simples are taken on a percentaje basis,
such as 0.5% from each batch to ensure that the
characteristics of the bulk supply conform to
specification, The test includes temperature-cycle
test, an electro-magnetical, mechanical tests on both
porcelain &nd the metal parts, puncture test, porosity
test, and galvanizing test on metal fittings,

Routine tests - includes electrical flashover test .

and mechanical strength tests,
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The metallic cap and pin are usually attached to the

insylator by cementing with portland cement or high

©.. alumina cement such as "Cement Fondu" which has a higher

’

strength and more rapid setting. As discussed by Popper
(1980), the top surface to which the metal is attached is
'gritted". that is cogrse grit of a material with thermal
expansion coefficient similar to the glaze is mixed with
the glaze and applied to the insulator before firing,
During the firing, the grit is incorporated into the

glaze and thus provides a rough surface for keeping of the

cenent,
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CHAPTER THREE

RESEARCH PROCEDURE

3.1. _Introduction

This Chapter contains the documented step-wise
progression of the study: from the location, procurement,
beneficiation and characterization of the selected raw
materials, to the formulation of different bodies through
various tests.

Also explained in this chapter are the methods used
for property evaluation, production of experimental

samples, and the firing schedule adopted for the study.

3.2. Raw Material Sources

The raw materials used for the study were Bomo clay
and Zaria feldspar from Kaduna State, Kankara kaolin and
Baure quartz sand from Katsina State, Rakwamni kaolin
from Sokoto State, Okene quartz, feldspar, and Tsanlu talc
from Kwara State, "Petramin" talc from Petramin Nigeria
Limited. (Table 3.1).

Selection, location and procurement of the samples
were guided by information got from available literature,

practising ceramists, professionals in related fields and

the locals in the areas,

3.2.1.__Sampling

To have samples which were fairly representative of
the whole, the "Quartering" and "Shovel" methods (Cardew,

1969) sufficed in drawing samples from the clays while



TABLE 7.7,

[———— = ]

mmmeﬁmu Raw Materials

MA'IER TAL ____RAW STATE __TEXTURE __ RAW COIOUR
Kankara Granular modules Coarse Crzom White
¥aolin Fair Plasticity . L

Rakwamni Granular modules _

Kaolin Fair Plasticity Smooth Feel Greyish White
Bomd Lumpy

Clay - Good Plasticity Smooth Feel Grey

Okene Large Rocks White with very
Quartz few specks cf brown
Baure Cranular Modules Abrasive Tan

Sand

Okene Large Rocks with Pink

Feldspar Angular, Hexagonal *“ernlercles

Zaria Feldspar Same As Above Dark Pink

-

Isanlu Talc Lumpy Greasy Feel Greenish White
*"Petramin® Talc Powder Slight Gresasy

-

Feel

Greyish White



the rocks were randomly picked from the deposits,

3s3,__Beneficiation

While "Petramin® talc was used as supplied, the other
materials were beneficiated according to the scheme

presented below:

CIAYS QUARTZ_(SAND) TALC
- Soaked: 24 nrs - - Washed - - Calcined: 900" "~
- Blunged: 3 hrs - - Milled: 24 hrs - - Jaw Crushed -
-~ 80 Mesh Sieved - - 80 Mesh Sieved - - Milled: 4 hrs -
- levigated - = Dried - -80 Mesh Sieved -
- Dried - ~ Stored - - Dried -
- Stored - - Stored _

FELDSPAR QUARTZ (ROCK)

- Rinsed - - Rinsed -

- Calcined: 950°C Calcined: 95000—

- Jaw Crushed - - Jaw Crushed -
- Milled: 18 hrs =

Milled: 24 hrs -

- 80 Mesh Sieved -~ - 80 Mesh Sieved -
- Dried - - Dried -
- Stored - - Stored -
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The materials were ground by wet ball milling and
stored in plastic receptacles so as to avoid contamination
(due to corrosion) which is symptomatic of some metal

receptacles,

3.4, laboratory Tests on The Materials

The following laboratory tests were carried out on the
beneficiated materials:
Particle Size Analysis:

Irrespective of the material, the microstructures of
sintered products depend strongly on the particle size
distribution, shape of the grains and surface area of the
initial powder. (Waye, 1967, Ford, 1967, Paulus, 1278,
Cutler, 1978). A combination of sieve - and hydrometer
analyses was used to determine the grain size distribution
of the beneficiated materials.

Sieve analysis: 100gm of specimen was washed through a
63um lawn. Residue retained on the lawn and that passing
through were separately dried at 110°C for 24 hours.

After drying to 0% moisture content, the sample that
passed through was weighed while the residue retaineld on
the lawn was collected and dry-sieved through a set of
sieves arranged in the order: 600um, 425um, 300um, 212pm,
150Pm, 63pm, and the bottom pan. After thoroughly shaking,
residue on each sieve was weighed and calculated as a

percentage of the whole:

Total Mass of the Soil
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Hydrometer analysis: A Known quantity (less than 50gm)}

of each sample passing 639m lawn from the sieve analysis
was welighed out .20cc of dispersing agent - prepared by
mixing 33gm of sodium hetametaphosphate and 7gm of sodium
~carbonate in 1000ml distilled water - was added to the
'waighed sample, Prior to pouring into & 100Cml measuring

cylinder placed on a flat and solid base, the mixture was

,"”*+jmixed in an electric stirrer for about 3 minutes, After

'}pouring into the measuring cylinder, the hydrometer bulb

." -was dropped into it. Readings was then taken for

'Japacified time intervals - min, 2min, 4min, 8min, 15min.,

_30min,., hr., 2hrs., 4hrs., 6 hrs., 24hrs., - taking care

‘- f to ensure that the eye was correctly placed so as to avoid

1 . parallax errors.
In making calculations for the cunmulative
distribution curve, the following were taken into
" consideration:
R'H Hydrometer reading: top of meniscus
RH Hydrometer reading corrected for meniscus
(RTH+Cy)
Hh Effective depth of hydrometer corresponding to
Ryse
Equivalent Particle diameter in mm (from
nomograph ) '
Ws% Percent by weight of particles smaller than N
in whole sample.

CM Meniscus correction:; 0.4 {(constant for

hydrometer)



CD Density correction for dispersing agent: 1.0
(constant)

HT Temperature correction for hydrometer 1.5 (from
chart)

G~ Specific gravity of soil particles

Wp  Weight of total specimen (100gm).

'ié Weight of dry - soil in suspension {(passing 63um
sieve),

Water of Plasticity:

' This test was conducted to determine the amount of
u;hfer required by each clay to develop its optimum plastic
qualities.

Procedure:- Sample was pulverized to pass through a
30 mesh sieve, 100gm of the pulverized sample was weighed
onto a glass slab. Water was added to the clay drop by
drop from a 100ml graduate filled with water while mixing
was simultaneously carried on with & non absorbent spatula
until the clay was about the right consistency for
modelling. Amount of water required to get it into this
consistency was noted and the percentage water of

plasticity calculated;

% Water of Plasticity: Wt of vater Used _ ...,
Wt of Dry Clay

Dimensional Change (Linear) Determination:

Amount of shrinkage of a clay is a very important
characteristic moreso in technical ceramics where a good
dimensional telerance is emphasized, The dimensional
change test was conducted to assess the plastic and Tiring

shrinkages of the selected clays,






