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PREFACE

This paper is written with the intontion of haolping
oeramists in doveloping countrics in solving problems
rolated to the production of ganitary wars artieclus,

In the ficld of ouramics progross is being made at
a high rate and this por r docs not make any pretentions
to have covered such points. It is intonded to give the
basic information to nn cngincer on thu factory floor.

The paper docs not cover drying, firing and mould
making as such information is quite general and is easily
available in toxt books on the subjoot, but euch parts
eould be ineorporated in subsoquent editions,

It is hoped that this paper sorves its purpose,

C. Castulli
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1. REERE

The history of ceramice does not permit the fixing of a definite date
for the start of this industry. Because of the diversity of the products
it is diffioult to ascertain which country has given this industry the
greatest impetus. It is without doubt that the Chinese have done a great
deal of work in this field and have obtained very good results. The Japanese,
besides others, have also made enormous progress in this field.

'The requirements of new and sophisticated ceramic articles call for
new teochniques for their production,

Por a long period the manufacture of ceramic articles was practised
& a oottage industry and the Jealously guarded trade secrets wore handed
down from father to son, and the quality of the product depended only on
the long attained experience of individuals,

Bventually the developments of soience, resulting in analytical and
sathematioal scientific methcds, and the quest of scientiste to know the
composition of the raw products and finished products, brought it a systematic
approach and the manufacture and production of such articles was undertaken
on a larger scale,

Chemical analysis, physical methods of testing and caloulation
techniques are of much help to ceramic engineers in gaining a better
understanding of the complexitiss of this field but they do not lay
down definite rules,

The technology of ceramice is a field where much has to be learnt and
& great deal of knowledge is required; because of the diversity of the raw
materia® and the finished products this can only be attained by experience.

This information is not always to be easily found in one book and it is
the purpose of this paper to bring together such information as is necessary
for the production of sanitary ware, keeping in mind the everyday practices
and experiences in such industries.

Just as sulphuric acid is the index for the industrialization in a
oountry, so is the growth of the sanitary ware industry an index of the
improvement of the living oonditione in the country. Both developing as
well as developed oountries are facing the same difficulties with their
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inoreasing houasing schemos tied up with the population explosion, Modern
ooncepte require the installation of euitable sanitary equipment to enable
man to live in hygienic oconditions., Increasing demands of the community
load to the promotion of the Osvemio Industry,

Houses, public places, resorts, gardens, eto. have to be equipped with /
sanitary articles of one typc or another., An important aspect of sanitary '
€00ds is the necessity for sewage and drainage eystome, It is a fact that
ssnitary ware ocoupies an important place in the life of man, and it is
necessary in all spheres of lifc to give him = comfortadblo and luzurious
lifes Thus, the Ceramic Sanitary Ware Industry has a grcat impetus for
mamufaoturing, orcating new products and improving their quality,
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2. IBSCRIPTION AYD T(VFS OF SANITARY WARE ARTICLES

Sanitary ware articles are olassified into the following five &roups;

a) 8emi vitreous onina artiocles
b) Vitreous chiua wr icics

o) Pire olay articles

d) Btone ware articles

®) Cast iron ariicles

Lha_apticlos. These goups include watep
closets, wash ©tesinz, soap and sponge trays, kitchen sinks, plate racks,
pedestals, shelvcs, shower plates, urinals, etc,

M.ﬁﬂﬁﬁf&iﬁﬁ¥m° The following are included in thia
group - kitchen sinks, plate racks, basins, shower plates, bath tubs,
Turkish closete, urinala,

Skepe ware articlss. sewage pipes,

Cast iron articlos. These include bath tubs and basins.

1. Yitpeous China is o bydy (ceramic composition) developed at the
beginning of tnc contury by the ceramists of the United States. This body
was found suiteble for sanitary ware articles and some years after, it wag
disoovered that il cou.l also be used for table ware mamufacture. The term
‘vitreous china' does not dofine an oxact body distinguishable by physioal
and chemioal charac’c-i:ziics. I) !& to be conmsidered similar to the
poroelain body.

In fact its hasdness, white colour, vitrifiocation, low poresity,
ability to withstund mechsniocal stresses, and its resistance to corrosion,
is such that it is commercially called poroelain,

In the begirning sanitary warc articles in vitreous china were
biscuited with glsze cnd eventually were fired with a suitable glasge,
Aotually single firing gives quiie satisfactory results and now there
are only a few factorios wu-re two firings are oarried out.

The conposition of vitreous china body for Banitary ware articles
fired at Segor Core 10 is given below:

Ball Clay 26% China Clay 26%
Nepheline Syenite 22% Quartz 26%
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In order to make proper use of availatle raw material and at the same time
to reduce the firing temperature from Seger Cona 10 to Seger Cone 9 or 8 or
Ty variations of the above compocition can be and generilly are undertaken.
As ic well known the reduction of the firing temperature is an important
factor for economic production, but the lowering of this firing temperature
has to be introduced with care, so that the properties of the body detailed
below do not undergo a chang: with the drop in firing temperature,

Porosity (water abrorption)
Compressive strength
Celour

Hardness (Mohs scale)

Thermal coefficient of
expansion

from 7,2 to 1%

from 4000 to 7000 kg/sq.om
Whitich

from 7 to 8 kg/sq,om

from 2,8 to 4 x 10"6

With the discovery of vitreous china the manufacturers of sanitary
ware atandoned the old hand moulding methods for the new casting system
whioh presented many advantages, insured a better quality and a higher
production rate,

The glaze usad for sanitary ware articles in vitreous china subjected
to double firing is general to the lcad caleium and alkalis type. The
cemposition of such a glaze is as followss

Peldepar 17.9% White Lead Oxide 6.0%
Red Lead Oxide 51,3 "Pired Kaolijnr 16.4%4
Clay 4.4 Quarts 3-%

. When single firing was applied to sanitary ware the glage composition
wan ehagod considerably, To suit its thormal expansion to the new type

of glate applied the body composition alsc had to be ohanged, In glazes for
single firing lead oxides were peplaced by Calcium Carbonate, the Feldspar
percentage in the mixture and tho Quartz contont had to be proportionally
inorcased,

The recent composition of a vitreous china body for Seger Cone 8% is

a8 followss
Ball Clays 20.5% China Clays 27.0%
Quarts 23.5% Faldspars 29,0%
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A suitable glagze o the abovo composition ir ns followa:

Quarts 31.0% Foldspar 32,58
China Clay T.0% Zinc Oxide 4.0%
Zirconium Silicate 8,0% Calcium Carbonate 14.5%
Tin Oxide 1.56 Magnesium Carbonate 1.5%

2.2. W. It is diffiocult to ascertain the origin of this
type of body which has been used for centuries in the manufacture of

different types of articles and has boen applied to a great oxtent in
the manufacture of sanitary ware articlos produced by hand moulding
methods., At present large sised fire clay sanitary ware articles
are sainly cast,

Pirs olay body composition include clays which after firing present
& reddish colour and have as a component also grog or grit (fire clay).
This plays an important role in the mixture and poreits to produce articles
with greater wall thickness. The presonce of Foldspar gives better
resiatance to firing, a higher rigidity and lowere the porosity, The
iatroduction of Peldepar has compelled the ceramist to make a rostudy
of the firing clay body with respact to the Engobe and Glaze accord,
After firing, the fire olay body aoquires a reddish colour and it is
neoeesary to coat it with a covering mass to give it the appearance of
white ware articles. Such a covering mass is called an Engobe, over
which a glase is applied. Proparation of fire clay ocomposition is the
most difficult of all the types of bodies existing and it ie only the
sodern mamfactiring techniques that €ive fire clay sanitary ware
articles their good looks and make their manufacture economical.

The composition of fire clay body is given below togot&cr with
& suitable Engobe and Qlases

Rady Cempeniticn Enachs Congoniticn

(31&3: ‘00“ WI %;Q
Quarts 5.08 Kaolin 14.0%
Peldepar 3.0% Pired Kaolin 20,08

Grog (Chamotte) 52,08 Peldspar 40.08
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SAage Composition
Quarte 23.%
Calcium Carbonatc 16,0%
Zinc Oxide 13.07
Kaolin .04
Foldspar 45,04

Fire clay used for such a purposc hae to show the following
charactoristiocs;

a) Jo_the Fau statc - £00d castability; reasonable strength in tho
dry state to onable the handling of heavy and large articles,

b) Ja the fired statc - shouid firc straight and not warp; have high

brilliancy cf glagej ite surfacc smoothnces zhould be high; its
appearance should bu comparable to white waro,

2.3 w. These bodias are the Lasics for the production of

sewage pipes. Tho stone ware hody ie composod of clays, quarts, and grog
(or chamotte). Pipos are produced by extrucion using special mixing and

extruding oquipmont, Tio following differont types of glazing procedures
are useds Salt Olazing; S11p Cont Selt Glaring; Dipped Glasing,

Salt Qlaziage This is done when the body hae teen hoated to the highest
Recousary temperaturc, Sodium Chloride s sprinklod on to the f'irc and the

salt vapourises, Those vipours rcaot with thc body to give a glase type
siifoate,

SMn Coat Salt Qlasing: T™e glazo composition aleo oontaining salt is

sprayed ca to the body in the raw atate which {c thon firad,

W. The articlc to bo glasud ir simply dipped in a glase
suspension, ’

One of tho most important branches in clay working is stone ware production,
Although sanitary vare and stone ware pipos (sowago pipca) belong to the
same fiocld thoy are not produced in the samo factories. The two branches -
sanitary ware articlos, wnd sawage Pipesy are considored ae two differont
typos of producte nnd thorofore o manufactured in two different plantas,
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2.4 )lled, Cast Iron Steel it Products. The skeleton

of baths and basins are generally produced from steel oy cast iron; a glaze
called enamel is applied and then fired in epecial kilns. Here only the
enamel is of interest as it is basically a ceramic and has reactions similar
to those of ceramic glases. The only difference lies in the method of
produotion,
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3. INTRODUCTION TO CERAMIC TECHNOLOGY

At this point *he author would like to emphasise some aspecte, and
eliminate prejudices of raw material usage for the production of ceramic

goods. In the countries where suitable matorials are mot available one
should encourage the use of any other material for the production of ceramic

@Od‘o

Ceramics cover a wide range of products and one has to give equal
attention to a number of umeful products using suitable technologies for
their production. It is necessary to classify them according to standard
specifications, working and health regulations in ox: 3tence in individual
countries, It is an acknowledged fact that the most aimple methode of
production are the most economical., One should therefore strive to keep
the shapes and forme of the articles as simple as possible, to adopt simple
and offective flow sheets and the usage of simple equipment. This cnables
the ceramic expert to transfer the skills to the layman at the plant in a
short time. This should be borne in mind especially in countries where
limited skilled labour is available.

The field of ceramice is not an cagy one, Thie ie quite otvieus from
the large number of defects that show up in finished ceramic moods. Raw
materials umed in the manufacture of ceramic articles often contain salts
and these influence the ceramic reactions to a great extent and one'n
attention has constantly to be drawn to them, A thorough examination,
phvsical as well as chemioal is therefore absolutcly cesential, and a well
equipped laboratory is therefore a neceseity, To get the hest finished
produot one has to pay proper attontion to the selection of raw materials,
and in the absonce of suitable materiale a suitable available material
should be used,

The economics of such a venture is an important factor in the planning
and lay-out of such an industry. The availability of national ravw materials
such as Kaolin, Quartz, Feldspar, etc. does not mean that the greater part
of the production cost is covered, as these constitute only ahout 10 - 154
of the total cost. The most expensive ruw materials are the components that
make up the glaze Engobes, colours and decorations. In some countries these
are not available and have to be imported at high prices. In these cases
proper research has to be done to find suitable substitutes at oompétitivo
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prices. The import of such raw materials which are absolutely essential
will have to be done on a planned basis, It is not economical to have
large stocks of such materials as kaolin, oxides, opacifiere and glaze
materials, Such raw maierials are produced by a large number of firms,
Comparison of prices is necessary as each firm has a varied price range,

In a country where a new ceramic industry is being set up the
products are subject to considerable oritiocism, They are compared with
imported produots which are well designed, have a high quality, and good
finish, and a pleasant colour. In this case the ceramic technologist
and the designer will have to introduce an article whieh not only meets
the demands and tastes of the modern market, but at the same time
introduces new trends. An important factor for the sale of san.tary
ware is colour, It is therefore necessary to be able to produce good
colours and especially a white colour. This is not an easy job when
the necessary raw materials are not available. In this case a suitable
combination of colours or masking by decoration could be a solution.

In the production of ceramic goods it is not easy to point .ou’e
the cause of a definite defeot as there are so many factors which combine
to produce the reaction., When defects appear they have to be analysed
and by a process of elimination the most probable influencing faotor has
to be traced. The most troublesome defects are the ones which appear
and disappear without one being able to ascertain their causes. In this
respect ceramics are still an empiriocal science requiring oconstant oontrol
and expert attention during their production.
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4. SANI™ARY WARF TECHNOLOGY

4.1, tor

401.1. Clays. The term clay materials iucludes all hydro=-silicates of
alumina whose chemiocal formula conforms to the one given helowg

nA1203'm31O .y HO

2 2

T™hey are availuble in nature in large quantitios and constitute a
major proportion of the earth's crust. Clay materiale are so numorous
that it is difficult to oclassify them systematically. With the help
of molecular struocturnl analysis considerabhle progresc has boer made
during the past 30 years. With the aid of new discoveries between

the relation of struoture and characteristios of clay minerals it

was possible to solve many problems whioh chemioal analysis alone
oould not achieve,

Clays whioh are found alonz with the rock from which they are
derived (mother rock) arc onlled residual claysj those are generally
found mixed with fragmente of the mother rock, and therefore s washing
is neceseary, to ssparate them from suoh fragments, Such oclays are
called Primary Clays. Secondary clays are to be found as s.diments or
deposits in lakes and swamps} i'hey ere produced hy the action of errosive
forces on the rocke and are transferred by river or rain water, These
waters on entering lakes or swampe bocome elau and sedimentation takes
place. During transportation tho clay particles undergo consideradle

chemioal and physical alteration.
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Tho fonwinc table, suggested by W, Stout, gives a picture of the
proosss of Clays Formations
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Kaolinite
Dickite
Naorite
Anauxite

Endellite
‘Halloysite
Allophane

Talo

A1203‘ 2810,  2H,0

Pyrophillite

2
A1203 2810, 2329
A,!.203 2810, 2H,0
AL, (312+n°5> (08)4

Al, (81205) (oa) 4 2H,0
A1, (31205) (03)4
Amorphous

t128146m (03)2
Mg, 81 £L10 (om) 2

Montmorillonite ,(.111_67%. 33) 81,015 (OH),

Boidellite

Saponite

Hectorite

Seuoconite

ey
Mp,17 (Aly, g3 83 17) Opg (o),
Neg,33
(Po,00) 4lp, 33 845 ¢,) Oy, (o),
", 33
Koy (Mg, 33 813,65) Opy (0H),
M. 33

(Mgy, g7 Ly, 33) 81,04, (Fyom),

Noo.33

Tny (Alg, 43 843 ¢p) Oy, (OH),
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To a oeramio technologist the following groups are important and
are most suitablo for his purposest Kaolinite, Halloysite, Montmorillonite
and Illite,

1 Kaolinite is a constituent of ceramic and refactory
olays. China clays, ball clays, and fire
clays belong to thiz group.

- 2 Dickite and Nackrite are of hydrothormal origin and rosemble

&= Kaolinite in all their charactoristics tut
differ only from it in the disposition of
their luyers.

3 PFire Clays olays which fuse abdove 1600°%C (290039) and
are not white burning are called Fire Clays.
4 Ealloysite clayes belonging to this group are fine grained

whito in colour and soapy. The smount of water
obtained in halloysites is twice that of
Kaolinite. By hoating Halloysite, Metahalloysite
is produced which cannot be hydrated. Both
o Balloysite and Metahalloysite are found in many
* ceramic clays. Owing to the fineness thay act
as amorphous bodies.

5 Anauxites ocould be considered as mixturcs of Kaolinite
and Amorphous silica. They contain large
amounts of silica.

6  Allophanes the general opinion is that allophanes are
netural mixturee of Kaolinic clays and colleidal
silioca with hydrates of alumina. They are
Amorphous or without molecular struoture.

7 Nontmorillonite its particles are mostly smaller than a mierem
. in diameter and many of them lesser than 0,1
micron in diameter.

Bentonite belongs to the montmorillonite group
and is sometimos used to increase the plasticity
of ceramic body mixes., This partiocular use of
bentonite is justified Ly its property of gel
formation,

8 Illites are found in brick olays; it is believed that
_ their formation takes place under gen-wnter
oonditions. Muscovite and Biotite belong to
thie group. Vermioulite is an altered illite.
It is important for insulating purposes.

Both Kaolin and Ball Clay belong to the Kaolinite group and are the
most frequently used clays for the production of ceramic articles.
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4.1.1.1. Kaolin and Ching Clayns Xaoline and chinn clays could be of

primary or sedimemtary origin, and are characterisod by the prosunce of
impuritios. Kaolins of primary origin arc very often mixod with fragnents
of the mother rock which are removed by refining, Kaolins are produccd

by the action of ono or more of th: following effects alonc or togothop
on feldspatic rocks,

l. Dis-segreogation undor atmospheric and humid conditions,
2. Action of waters containing carbon dicxide,
3o By the action of lava from volcanoos,

Dis-sogregation oould be explsinod as n wnshing out action of the
alkalis, (120 or taio) and the hydration of the material as shown in the

following examples!

less K0 4 810, + 24,0

k1203 » 2 810, . 4,0

A pure Kaolin has a molting point of 1785°C (3245°F) tut the presemoe
of mall quantities of impuritios could reduco this fusion temperature
slightly, Kaolin has the following chomical oompositions

Bilica 810, from 45 to 508
Alumina A1,0, from 33 to 39
Titanium oxide ’Pi% traces to 1%
Perric Oxide P, from 0.5 to 1%
Calcium oxide Cad from 0.1 to 0,98

Nagnesiua oxide NgO from 0,1 to 0.9
Alkalis K0 ~ Na 0 from 0.5 to 2,08
Combined water from 10,0 to 13,08

The introduction of Kaolin in the raw mix foremls of coremios is
essential as it introduces Kanolinite whioh under firing conditione londs
to the formation of Mullite. The formation of Mullite is considerod ns the
last stago of the coramic reactions and is rosponsidle for giving the
finished fire good its maximum strongth. Under tho heating conditions
that exist in furnaces Kaolin undorgoes various changes, before roaching
the final stage at whioh the physiocal propertios of tho clay are radically
transforwed.,
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At a drying tomperature of 100°C (21201?‘) only part of the water
is romoved and a considerable amount of it still remains adherent to the
partioles. As the tumperoturc is raised to 450°C (840°F) the chemically
combined water (the OH groups) =are driven off from the Knolinite moleculce,
but some amount of water stiil romaius up till 2 temperaturc of 700 - 800°¢
(1200°F - 1470°F) is rouched. At about 980°C (1800°F) Alumina crystallizes
into the & - from and the direct formation of Mullite, takes place. When
the ratio of Aluminn to Silica is 1:2 the heat effect reaches its maximum
efficiency. After the formation of theX - Alumina, the same etarts
dissolving in the glass and thc ifullite crystallizes out.

The first ocrystals of Mullitc are very small and difficult to sece
under a microscope, and for this reason an X-ray system is used, At
higher temperaturcs, however, it is possible to detect the Mullite crystals
with the hoelp of a miocroscope as they have now grown in size. Knolin is
introduced into thc ceramic composition also becausc of its white burning
oolour, its plasticity - although low, ite good castability whon in a
wator systom and its rheological properties.

4.1.1.2. Ball Clays. Ball clays are finely sub-divided, and contain a
good amount of lignitc or organic motterse, presont a high plasticity or
workability, have ~ fumion point around 1670°C (about 3050°F) and contain
vrious impurities,

Thoy are not white after firing oxcept the special clays which contain
such a high amount of organic matter that, under firing conditions, reducing
* reactions favour thy formation of white burning compounds. Ball Clays
are widoly us.1 in the 8anitary Ware Industry becauss of thoir ability to
cast, exchang: ione, to endow plasmticity to tho raw mixturc and together
with Keolins form the mullite,

Ball clays have vory fine particlces and have the following
charncteristios: '

a) absence of mothor rook fragmorta
b) presonce of impurities like organic matter, carbonates, sulphates

¢) metallic oxidos and hydrates - the hydrates impart the differons
colours to tho clays

d) high plastioity.
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4.1.2, Characteristics of Clays. Clays diffor among themselves in the

following physical propertics:

a) Particle size

b) Ability to exchange basos
c) Reactions of clay minerals with some organic cations
d) Plasticity

e) Zeta Potenzial

f) Influence of soluble salts
g) Castability

h) Viscosity and pH value

i) Tixotropy

J) Drying

k) Firing

Those properties, although influenced by exterior factors and phenomena,
find their source in the reticular structure of the clays.

a) Particle size. Clays differ from one another in their particle size.

The particle sige distribution dcpends upon the size of the Kaolinic particles,
upon the size of the particles coming from the mother rock ae well as upon the
size of the particles of foroign materials, the clay transport and sedimentation.
The size of the clay particles is generally less than a micron in diameter.

The knowledge of the particle size is important in determining the surface

of the mass reactions and has influence on the plasticity and fluidity of
clay-water suspension,

b) Abilit sXchange basis. Microscopic examination shows that the
colloidal partioleu are crystallized and have a negative charge of electro=-
statio nature. The charge is duc to absorption of cations as woll as to

& breakdown of the molecular reticulum, leaving unsaturated valencics.

When a clay is suspended in wator its particlos are surrounded and covered
by a film of water. The Hydroxyl ions are fixed firmly to the particles.
Of the different ions present in a water suspension of clays, a part is
inside the watoer film and the rest are in the water outside the particles,
Under certain conditions the cations change their place; Hydrogen ions can
be more easily replaced by other ions. The nature of the cations contained
in the system, influences the thickness of the ionic sphere around the
particles. When the cation is more hydrated the thickness is greater.
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Hoffmeister gives the following series showing the fncreaeinc order
of hydration:

Cationst H, Al, Bu, Sr, Ca, Mg, NHG, Na, Li

Anions: 53C,, F, NO,, Ci, Br, T, CHS, OH
4 3 !

The ion dimension also has influence. In frct the Potassi'm ion i too
big to be easily replaced by another ion.

When the absorbed ion ctands too high in the Hoffmeister series,
the clay could be complotely dispersed in the water,

Clays saturated with 7' and Ca'*t ione, do not dissociite coupletely
in water and with the sane amount of water they give a hLigher viscocity
but are generally more plastis. The viscosity of a clay i a rough
indication of its ability to exchange ions,

There are a number of methods for determining the ion exchange
ability of clays, These are 1s followas

i. Saturation of the clay with NH, ions and titration,

ii. By means of a spectroscopic analysis,

iii, By determination of the pH-value of 100 grames of
clay to which increasing quantities of ¢lectrolytas
are 2dd-d.

ive By determination of the vicoogity of a water suspension
and plotting a viscosity curve in pelation to increasing
quantities of electrolytes.

Ve The determination of the electrical conductivity,

Claye react with some amines to give & floculated mass. This is due
to the modification of the surface >f the cluy particles produced Yy
absorption of large organic cations, This effect, cspecially with the
Nontmorillonite, permits the manufacture of porous articles,

d) Plasticity. It would be uceful to have some method of determining
the plasticity of the ceramioc clays quickly and exmctly. Little is known

about the causes and the factors which influence the plaaticity. Plasticity
ocan be defined as the property of a matverial to maintain the shape given to
it when the shaping forces are removed, Aocording to H. A. Seger plastioity
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is "the property of a solid to take up and retain liquid in its pores.
The resulting mass can be pressed and shaped to assume any form which it
retains after the pressure is released and any liquids which it contains
are removed",

One could say that the workatility of a solid, has to be related to
thé ireatment which the material has to undergo during the procesa of
manufacture, Not all plastic solids are plastic enough for all manu-
feacturing processes.

A material is considered glastic when it offere resistance to
forces which tend to deform it on removing these deforming forces the
material assumes its original shape., Clays are considered elasto-plastic
solida which means that when force is applied they obey the laws of
plasticity up to a point where these forces are lower than certain
oritical values. When these critical values are surpassed they deform,

Nany factors related with the structure of clay need plasticity,
in particular the size, shape and structure of the particles, the amount
of foreign matters, colloidal particles present, and specifically the
mtio of olay to water. Plasticity,is an important property which can
be easily repeated and checked., In order to maintain the workability
of clays and consequently the properties of the tody mixture within
certain required characteristics the property of plasticity is used
a8 a oontrolling characteristic., Its determination is useful also
when the apparatus used for the deterwination is not a standsrd one.
What is important is that the resulis should be capable of reproduction,
and desired standards although not absolute should be developed for
this partioular plastimeter.

o) ZataPotsntiale A olay perticlo in water is covored by a fils of
negative charges made of hydroxyl ions and this is further surrounded by
& oloud of positive charges (cations) which are in the surrounding
water and ocould diffuse into the liquid film. This cloud of cations
forms the ionic atmosphere. The Zeta Potential can be caloulated with
the help of the Helmholts equation:

S

® = Blootric charge
4 = Thickness of the double layer
D = Dislectric constant of the liquid
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The Zeta potential anables one to determinc the stability of a

suspension,

When the forces of molecular atiraction are greater than the forces

of repulsion the susponcion is not stablc and floculation takes place; on

the other hand when the forces of repulsion are greater than those of
attraction the cuspensiorn is stable and is defloculated or peptized,

f)  Soluble Salts. Clays gencrally contain a certain amount of salts
Boluble in water and when ;5 suspension of clays is made in water the salt
dissolves. It is possible to modify the characteristiocs of the liquid
phase of the suspension.

The following examples illustrate such a modifications The addition
of a atrong base like Sodium Silicate to a water suspension; if the liquid
oontains a weak acid we have the following equations

Ia28103 + 2 (Clay OH-H) e 2 (OH-Na) + 325103

Sodium Silicate Silicic Acid
Prom thc above cquation we observe that the hydrogen ions of the
clay arc replaced hy sodium ions and there is = formation of acid. If
we add more sodium silicate the sodium ions hydrate and give sodium
hydroxide which suppiics the liquid with hydroxyl ions causing a defloculation.
If a neutrel salt or 3 strong hasc is present an acid results, The equation

is as follows:

Clay OH~-H + NaCl = Clay OH ~ Na + HC1
and similarly

Clay OH-H + 311401 = Clay OH-KH4 + HC1

In these cases pH-value docreases and the clay flooculates, When sulphates
are present in the clay it is not possible to convert thom into insoluble
salts by the additionec of Sodium Silicatee or Carbonato,

(Clay oa)?_ ~ Ca + H,80 4t Na28103 = 2(Clay OH-Na) + CnSi0.+Nn_ 80 +H 810

37727472y
In this case bofore wding the olectrolyte it is necessary to add Barium
Hydroxide or bottor Barium Carbonates The reactions are ag followss

(Clay OH-),Ca + H,S0, - Ba(OH), + Na,$10, = 2(Clay on-m)&so;camyeaoz

If the additions of Sodium Carbonate and Silicate permit the precipitation
of the Ca™ and Ba*t ions, thc Sodium Hydroxide does not produce the same

- x
.
&
N

T —
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effect, because (Clay OH) Ca does not decompose. In fact in the prescnce
of Barium Hydroxide we hwe the following reactions:
(Clay on)2 Ca + H 304 + Ba (on)2 + 2 NaOH =

2
If Barium Carbonate is added the electrolytes Sodium Silicate as well as
Sodium hydrate permit the decomposition of the Clays

= (Clay OI»I)2 Ca + Ba304 + 2 NaOH + 2 H,0

(Clay 0!!)2 Ca + H,30 st Ba.CO3 + Na8103 =
= 2(Clay OH -~ Na) + BaSO4 + Ca3103 + 32003
and

(cmoa)aca+nso +m3+znma.

2774

-2(cuyon-wa)+naao4+0aco +2HO

3 2
Sodium Silicate is the best deflooulams$ in presence of Calcium,

As a result of the reaction, Sodium Carbonate gives Calcium Carbonate
which is slightly soluble in water. When the Hg“ ions are prosent as
soluble salts, both Sodium Silicate and Sodium Carbonate permit the
complete preoipitation of Magnesiums,

The production of a good casting slip depends to a great extent on
the ohoice of the right electrolyte with respect 10 the soluble salts
present in the raw material, According to O, Bisler the following points
are indilpensable to produce a good casting slips

i. The defloculating electrolytc to be added should

be a salt of monovalent cation which hydrates strcngly
i.0¢ Lithium and Sodim,

ii. The electrolyte has to give hydroxyl ions by ionisation
as well as by hydrolisas,

iii, The ocations which have a greator tendency to be absorbed
have to be eliminateé as insoluble salts,

ive Anions having less tendoncy to absorption have also to
be clminated as insoluble salts,

To be able to take proper action one has to ascertain which soluble
salts present in the raw materials interferc with the eleotrolytic effect,
This can be easily realised by simple chemical analysis as followss
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100 grams raw materiasl are boilod in distilled water, filterecd
appropriately so that tae colloidal particles of clay do not cecape
into the filtrate. The salts present are chemically analysed. On the
other hand quantitics present ore determined., At this point it is
not out of place to give nttention to the use of suitable wators, Often
water contains soluble salts, A carcful and thorough anzlyses of the watep
used will have to be made.

Foeldspars and Quartz also contain salts and thoy have to be tested
and selected to cnsurc good czsting,

Often castability tests are done by adding an electrolyte, without
taking into account which talts arc presont in the paw materials., Indcpendent
of the castability it is always useful to deternmine the salte present as it
is only then possible to 2dd the proper electrolyto,

g) Lagtability. Not only defloculating conditions affect the castability,
Other faotors that play a role and influcnoe the slip properties ares

Particle size distribution, the ratio of Mastic clays to hard
materials, the presence of organic matter,

By modifying these propertice it is possible to obtain o better
castability. It is not always advisable to maintain tho maximum density
or Yo use a minimum >f electrolyts and only one eleotrolyte. Tests have
to be done to ostatlish the best castability in relation to electrolytos
of different typer which suit the chemical reactions mentioned above in
~order to decompouse the clay complctely,

The layer formation tosts conduoted in 2 standard mould will show
that a high amount of fine particles speed up foruation and the ratec of
formation is proportional to the amount of fine particles present but
drying is slow and this oauscs shrinkage. Tompernture and the humidity
of the mould influence such tests and therfore if the rcsults are to
be used for comparison purposes the conditions will have to be the same,
Other factors affecting the oastability are the preparation system used
for the slip. The blunging system does not alter the particle size of
the'clay. On the other hand a ball mill proparation tonds to increase
the finoness of the particles and consequently the casting propertioes
are affecteds A roaction between ions and the gypsun mould and thoge of
the slip could also interfere with the casting and favour fluculation,
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Such a theory is based on the fact that calcium sulphate is soluble in
water to a slight extent. This does not take place in reality, as the
absorption of water by the mould is only a physical phenomena.

h) pH-Value and Viscosity. The pH-value gives the acidity or basicity
of a solution or suspension, The isoelectric point is that value of pH
at which clays are equally dissociated into cations and anions without
the addition of electrolytes. A water suspension of clay should
theoretically have a pH-value of 7 am the charge of the particles is
zero. In practice the suspension is acid the pH being 3.5. An addition
of sodium oxide increases the pH-value as the hydrogen ions are replaced
by sodium ions. When the base exchangability is saturated an extra
addition of sodium hydroxide makes the suspension alkaline, the pH-value
1nore§aea rapidly and the viscosity drops. This lowering in viscosity
is due to the setting free of water around the particles,

1) Visgosity is resistance to flow exhibited by an articie resulting
from the combined facts of coalition and adhesion. Clays oan be oonsidered
as viscoelastic fluids because they exhibit elastic recovery from
deformation which increases during flow. Viscosity, thixotropy and
plasticity are effects of shear force. Water suspension of clays are
not real fluids i.e. the flow is not proportional to the applied force,
An apparent viscosity at a fixed temperature is characterised by an
elastic limit without yield value or yield point. The viscosity is
important to determine the rate of flow, most convenient for use in
the casting of sanitary ware articles. It is eesential to know the
viecosity curve of the various clay componcnts of the slip as well as
the viscosity curve of the slip itself. 4 low viscosity indicates a
high defloculation point. At the saturation point the drop in the
viscosity ourve presents a means of determining the exchange capacity

of a olay.

i) Ihixotropy is the property of certain colloidal gels to liquify
when agitated and to return to the gel state when at rest. According

to Norton Thixotropy is that property of a body which osuses 3 deorease
in shearing stress with time, at a constant rate of shear. When a

water suspension of clays is agitated water is displaced, the orientation
is disrupted anda 8ol is formed with the release of water. When in a
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oolloidal system the dispersed phase is solid (clay) and the dispersing
medium is liquid (water) a suspension is formed with a tendency to fom

-0olloidal solution. Colloidal solutions are called "Sols" whioch wvhen coagulated

become gels. When the dispersion medium used is water the colloid is
called a hydro-sol and when coagulated hydrogel., A coagulation of a
Sol is done by addition of ar electrolyte, By agitation gels can be
reconverted into sols. Thixotropy is a property which is only possible
when the dispersed particles are present in a very fine divided state,
The particles should retain a lar.s amount of water and should not be

spherical.

Under shear stresses the particles crowd in layers whiesh slide
freely over one another. With increasing shear stresses, the distanee
between the layers mérmu and a8 a result the viscosity is lowered.
During rest such layers disappear and the particles assume a position
suitable to the olay charge. This phenomena is called Thixotropy.
The time required for gel formation depends upon the ratio between the
ions of electrolytes in solution with ions absorbed, The Thixotropy
inoreases with the increase of acidity i.e. the pl-value deoreases, In
order to increase the Thixotropic time it is neceasary to inorease the
amount of electrolyte in relation to the viscosity ourve of the elays,
The phenomena of Thixotrepy is important in sanitary ware oasting
because the slip remains in the mould for a certain time until the
desired thickness is reached. The longer the time the olay suspension
remains in the Sol state in the mould the quicker it thickens. In
the case of vitreous bodies the surface is kept clean and uniform, éue
to drainage. During the period the 8lip remains in the mould it could
be converted to the gel state and at this moment water does not pass
through the particles and is not absorbed by the oapillaries in the
plaster. When this happens the formed piece remains soft, drainage

_ 18 no longer possible and it is difficult to remove the piece from

the mould.

4.2, Ihe Hapd Materials
4.2.1. Quarig. Quarts or Silica is very widely spread in nature and is
found in different forms, ¢.2. quarts-sand-orystals.
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There are also many crystalline forms of the quartz itself and the
presence of foreign materials in the quartz contributes to variations in
its physical characteristics. It is therefore necessary for the Cexranmist
to know the phenomena which affeots the quality of the products., Silica
(8102) is found in nature in the following formss

Name Crystal System Spec. Gravity Pusion Point Refract.Index
Quarts Hexagonal . 2465 1600°c(2912°F) 1,553 |
Trydimite  Rhombic 2,31 1670°c(3038°?) 1,473
Cristobalite Pseudo Regular 2,31 1710%(3110°F) 1,487
Amorphous Amorphous 2,21 - - 1,460

The most common form is Quartz. It is crystalline and very brilliant in
appearance,

Trydimite has often a needle~like and sometimes triangular form,
Cristobalite is found as small crystals which are diffiocult to distinguish
from one another.

Eight forms of the Si02 are knowns

l. X Quarts 3. « Trydimite 5. ¥ Trydimite 7. § Cristobalite

2. g Quartz 40 g Trydimite 6. @ Cristobalite 8, Amorphous
8ilica

*

These forme of silica change from one to ths other. The transformation
depends on the temperature and follows the Oswald Lew.

The following forms are to be found:

® Quartz until 575°C (1067°F)
8 Quarts from 575°C (1067°F) to 870°C (1598°F)
% Trydimite from 0°C (32°F) to 117% (242°F)
8 Trydimite from 117°C (242°F) to 163% (326°F)
4" Trydimite from 870°C (1598°F) to 1470% (2678°F)
X Cristobalite up to 265°C (509°F)
+ & Cristobalite from 1470% (2678°F) to 1655°C (3011°F)

The above mentioned forms are influenced 'by the presence of catalysts
like Barium Carbonate, Ferric Oxide, etc.
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Quartz is used as a component of practically all ceramic mixtures
for the following reasons:

a) it reduces the shrinkage during firing
b) it reduces the plasticity of the mixture
¢) it gives the mix a white colour

d) increases the thermal coefficient of expansion of porous
products

_ @) decreases the thermal coefficient of expansion of vitrified
products

£) in porous products a atructuré of Free Silioca is formed
around which clay substances dnd the fluxes build up

g) in vitrified products quartz is useful for the formation

of mullite as well as silliminite and various other
..Bilicates formed with the fluxes,

The knowledge of the expansion curve of quartz is important; fres
these expansion curves one can see that the type most suitable for use
is Trydimite because its expansion is more regular and ite coefficiemt
is lower,

A dangerous type of silica to be used is the Cristobalite form.
Sudden changes in its expansion oould cause breakages also the selection
of a suitable glaze for use on a body oontaining Cristobalite would be
diffioult,

In ceramic products, fired at low temperature the quarts remains
practicall; unaltored and produces an increase in volume of about 0,3
during heating, and undergoes contraction on cooling. In products fired
at high temperature (vitrified) there is a formation of oristobalite
with a oonsiderable inorease in volume.

If the oristobalite formed is in considerable amount the volume
oould increase up to 17%4 with consequent cracks and low rosistance %o
thermal shocks,

8ilica is introduced into the oceramio mixture finely ground and
porosity as well as shrinkage depends upon the fineness of the silies,
Geller, Evanc and Creamer demonstrated that at different temperatures
1150°C - 1250°¢ - 1350°%C (respectively at 2102°F - 2282°F - 2462°F)
a oeramic mixture, composed of 50% olay, 35% silioa, and 19 Peldsper,
presented differont porosity and shrinkage with the Quarts and Peldspar
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of finenese 10 and 75 microne. There is also an influence on the
mechanical stress and thermal expansion,

Fineness Shrinkage %  Porosity %

75 miocrons 6.4 18,5
10 microns 10.0 2.8

Peldspar 75 microns 5.9 18.4
10 microns T.5 13.0

The finer the Quartz the lower ie the porosity; the expansion of the
body being directly connected with the contimuity of the constituting
perticles, an inorease of the porosity is related to a Zecrease in

expansion.

4.2.2, Ihe Feldsparg. The fundamental reasons for using Feldspar in
a oceramic body are connected with the melting points of the components.
Clays, china clays and Quartz melt at high temperatures. To promote
the necessary reactions, which give mechanical strength to the
finished goods, feldspars or fluxes are indispenssble. Besides acting
a8 a flux the faldspar also lowerse the firing temperature. This
reduotion in the ‘firing temperature contributes to the economics of
the process, By the introduction of Feldspar into the mix, ocombination
of Silica with Alumina is facilitated and leads to formation of the
required oompounds, Vitreous feldspar is able to dissolve remarkable
amounts of silios, alumina and mullite. Between 1300°C and 1400°C
(2372°F and 2552°F) the vitreous mass produced is a olution of practically
all the silica saturated mainly with orystallized mullite,

Feldspars are found in nature in different forms. The most common
ares

Oxrthose m31308 or K 0 Al 03 6 Sio

Sodium Orthose (K-Na) AL 84,04

Albite Na O.Al 0 o6 810

273

Anorthite CaO.A1203.2 8102
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The most commonly used and important types of Feldspar are
Orthose, Albite, Anorthite. Feldspars being formed by solidification
of magmas are rarely pure, They gcnerally contain minerals. In
ceramice the Feldspars mostly used are:

Potassic Feldsparss Pegmatities, aggregates of Potassius and
Sodium Feldspar with Quartz.

8odic Feldspars: Albite, frequently associated with magnesium
and iron minerals,

4.2.2.1. JPusion of Peldspar. The mechanism of Peldspar fusion is
important in order ¢o lkmow the possible and probable -reactions with
the other components constituting a ceramic body.

Sowe studies wore undertaken on mixtures of Feldspars ani t0 undere
stand these studies it has to be kept in mind that the melting point ef
Potassiun Orthose is at 1180°C (2156°F). Gradually the Feldspar diseolves
to form Leucite and a liquid mass of great viscosity results. As the
temperature increases the liquid also increases and at 1530% (2786%)
the whole mixture is in the liquid state.

A mixture of Orthose plus Albite has an eutectic point in prepertion
of one third Orthose and two thirde Albite at a temperature of 1070°C

(1958°r).

The above mixture is of interest to the Ceranic Technologist from
the two following aspeciss

1) When the quantity of Albite in a mixture is greater than
50% there is no formation of Leucite and the formation
of the liquid phase does not take place,

2) When the Orthose present in the mixture is less than 50%
there is practically no viscous fusion and during melting
there is no plastic state.

Nore recently a ternary eutectic was studied with the compositions
25,026 Potassic Peldspar, 71.21% of Sodic Feldspar and 3.77% of Caloium
Peldspar. It was found that this mixture gives the bodies a high degree
of vitrification, a high mechanical strength and a good translucency at
& relatively low temperature.




ID/WG,. 20/12
Page 35

" The facts enlisted balow are of special interest:

a) The Potassium Feldspar viscosity diminishes slowly as the tem-
perature increases.

b) The viscosity increases rapidly when increasing additions of
@ilica are made.

o) The viscosity decreases on increasing the temperature; this
decrease in viscosity is inversely proportional to the amount
of silica added.

d) In figures plotted with temperatures as one axis and with the
logarithm of viscosity as the other it is possible to see that
the lines are not parallel for different proportions of silica.

¢) Alumina added in small amounts decreases, whereas added in
large amounts, increases the viscosity of Feldspar.

f) Additions of 2% Calcium Oxide lowers the visoosity to a greater
extent than the same amount of Barium Oxide, Zinc Oxide, or
Magnesium Oxide.

g) With Magnesium Oxide the viscosity decreases slowly on increase
ing the tomperature.

h) At 1100°C (2012°F) the viscosity of Sodium Feldspar is greater
than that of Potassium Feldspar. By raising the temperature
the giscouitx of Sodium Feldspar decreases rapidly, so that at
1200°C (1200 F) it is lower.

1) Additions of 2% of each of Caloium Oxide, Barium Oxide, Magne-
sium Oxide, or Z&nc Oxide increases the viscosity of Sodium
Feldspar at 1100 C possibly due to orystalligation,

J) Potassium glsss is more viscous than sodium glass.

k) The rapid softening of Albite, which could cause a deformation
of vitrified bodies is slackened to a great extent by the
prdaence of silica.

4.2.3 HNepheline Syenite. Recently the use of Nepheline Syenite has become

more wide. Nopheline Syenite is an igneous rook similar to granite. It oon-
‘tains a large percentage of mineral Nephelite Na,0 . AL . 2810, along with
Potassium and Sodium Peldspar, Muscovite, Biotite, Magnetite, etc. Free
Quarts can be present in small quantities or may be completely absent, Nephe-
line Syenites because of their relatively low content of Quartz and high
content of Alumina give a mixture a wide range of vitrification and are in
this respect different from Feldspars. They melt at lower temperatures; vitri-
fication starts at Seger Cone 08 (945°C or 1733°F) and the pyroscopic resis-

tance is approximately Seger Cone 6 (1190°C or 2174°F).
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The outeotic for 75% Albite and 25% of Nepholine melts at 1050%c. In
the vitreous state the co-efficient of thermal expansion of Nepheline Syenite
is less than that of Feldspars. Nepheline Byenites are used with advantage
in ceramic applications as they lower the firing temperature and at the same
time give a wider range of vitrification; the tendency to deform decreases
without affecting the mechanioal strongth.

The production of sanitary wore artioles by using a casting process com-
pols the ceramist to select proper raw materials to got the best casting slip
and at the same time to maintain the charnoteristios for good castability,
visoosity and also the suitable (approximate) litre weight.

The oasting slip is a defloculated suspension of clays and hard materials
with a definito amount of water, slootrolyte and additional salts. This sus-
pension has to be poured into the mould at a definite and fixed (for the same
s1ip) flow rate to £ill up all the spaces in the mould. The casting slip
should remain in a Sol state as long as possible, After renmoving from the
mould the formed pieces should be rigid enough to stand by themselves and at
the same time bo plastic enough to allow repairs, finishing, and lastly it
should be strong enough to be handled and transported within the factory,

Clays givoe the casting slip Plasticity, rigidity, and strength in the
dry and semi-~dry state. Clays have a certain amount of impurities such as
ecoluded minerals and oxides which affeot the colour, viscosity and shrinkage
a8 well as the firing oycle of the article. Apart from tho laboratory analysis
seleotion during mining and before transportation is indispensable. In nature
clays are found as lumps or layers. Between these layers iron is fregquently
found, and quarts grains and Peldspar are often in a more or less intimate
aggregation with olays. Excavation has therefore to be carefully dome in
order to avoid contamination, Washing is no% always possible and eoonomioal
for soms types of clay but good selection in a mine is essential for good
quality. Separation from the mother roock is generally done by means of refin-
ation, based on the difference in spacific gravities of the olays and foreign
matters. The olay is separated from organio and foreign matters by sieving.
In the case of sanitary ware the separation is done by sieving a water
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suspension through 120 - 110 Mesh Sicve. Labhoratory tests are conducted to
indicate which material should be removed. When Quartz is presant in such
large amounts that it affocte the fusion charactcristics, porosity, and
shrinkage or alters the workability of the clay it is separated by a sieva of

L ]
appropriate fineness,

4¢3.1 Hard Material Preparation - Crushing. Before nse Feldspar and Quartz
have to ba ground finely in order to increase their reacting surface and to

allow their suspension in water. The incrense in the reacting surface implios
a consistent, complote and ensy participation in the formation of ceramic
compounds.

The finencss of Feldspar and Qu-rtz determines the quality of ths final
product. There is no fixed rule for the fineness of hard materials ns a
differont fineness is approprinte for n different body mix and its covering
glaso, and may not be suitable for another body.

Foldspor and Quartz supplied to the factory in rock form have to be
orushed. This is generally done with Jaw Crushers, Gyratory or Cone Crushors.

Jam Crusher: This is the most widely used machine. It consists of a cast

iron or steel frame in which the driving mechanism and two jaws are housed.

One jaw is stztionary and the other is movable about a pivot joint. The movable
jaw is aotuated in a hackward and forward direc*ion so that the V-shaped hopper
is broadened 2nd narrowed alternately. Such movement nllows the matorial to
fall gradually docwnwards until the crushed particles pass through the exit
opening. Modern Jaw crushers have mechanisms which allow adjustments thus
giving any desired particle s‘ze.

Gyratory Crushort This is formed by two cones, an upper and a lower, A spider
and a hoppoer, the lower cone also forms the base of the machine and supports
the upper one to which it is holted. The lower cone is fitted with a movablo
bottom which can be 1ifted for inspeotion. The suspended shaft which oarries
a orushing head hangs suspended from the spider at a pivoted point while the
lower end of the shaft is made to gyrate with the help of an eacentric,

Cone Crusher: This is similar to the gyratory orusher. Tho crugher consists
of a conical head gyrated by an eccentric which is driven by A gear and a
oounter shaft, The distributor and regulating plate is mounted on the top of

B T
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the shaft with a vertical, adjustable feed spout. With the help of one of
the described crushers the rocks are reduced in gize and are passed on to the
pulverizor where they are reduced to small crystals,

Pulvorizers: Dry Pan Pulverizer consists of two heavy end frames between
which a revoiving pan is pln,ced.’ A pair of heavy Mullers are mounted in the
pan on the periphery and are pPlaced parallel to each other, The pan bottom

is fitted with a renewable grinding plate. Scrapers are placed in such a way
80 that the crushed materinl is carried to the screens. With primary orushing
and regular feeding the grinding afficiency increases considerably. The
orushed material is oollected in the pan frame.

illst A horigontal shaft is fitted with pivoted hammers. In this
type of mill orushing takos Place by impact between the hammerheads and breaker |
plates. This type of grinding is efficient and rapid. '

After the hard material has heen reduced in sigze it is subjected to fine
grinding and for such purposes = Ball Mill or a Pebble Mill are the most
suitable.

, 1lst In the coramic industry hard materials like Quarts, Feldspar,
Dolomite, etc, are to be reduced to very fine particles. Tho size reduction
is done for the following two purposest

a) Body preperation; .
b) Glage and Engobe Preparation.

It is a good practice to use speoial grinding equipment for these two pur-
Poses in ordor to avoid contamination and to omit ocareful cleaning of grinding
equipment whon the mill is used %o crush two or moro meterials.

To get the product to a hign fineness and to maintain a high mill capaoity
it is emsential to follow the rules detailed belows

a) maximum grinding efficiency

b) minimun heating of the medie and the naterinl

0) minimum wear of grinding media

4) minimum wear of mill lining

) the practice of grinding with ball mills
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i. Mills and Equipment: The number of mills required will depenc ipon
the size of fhe factory and range of the products produced. Thera shouid be
one mill each for:

a) Engobes

b) Raw glazes

¢) Fritted glazes

d) Hard materials

e) Colour glnhzes

£) Coloured engobes

The reoson for using a special mill for the above is contamination. In
addition it must be borne in mind that Engobes, CGlazes, and hard materials
for body mix and the glazes have different requirements in respect of particle
size distribution and it is diffiocult to obtain constant fineness by using one
mill for different materials.

ii, Grinding Mediat Ball mills are classified according to the oapacity
of the materials used. The grinding media or pebbles, whichever are used,
have to have the following characteristicss

Regular Qhape and as round as possible

Resimtance to impact

Resistance to wear

Free from holes and cracks ¥

No porosity

The most common type of grinding material used in bell mille is £lint
pebislu. Porcelain balls are also used and wear lese and frind more accurately.

Two mizes of balls are gonerally useds big balls - the sise varying from
0=-75 mm and smell balls from 15-30 mm. The grinding efficiency of a mill is
dependant and .effected by the ball size. The exact choice of ball gize is not
éasy on considering the faot that after a period of grinding the ball size de-
oreases, For this reason a portion of big and emall balls are used. To get
a constant grinding efficiency one must maintain the same porportion and sama
size of the grinding media.

Experiments have shown that the efficiency of pebbles of 50 mm is as high
as that of 75 mm. Priction plays an effective part in grinding, It is obvious
that smaller balls on account of their larger surface are better suited, Round
balls have a better grinding action.
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Silica or flint pebbles are better suited because of their higher speci-
fic gravity of 2.6 compared to porcelain balls with n specific gravity of 2.1.
The smoothor the surface of the pebbles and the lining the higher is the sli-
ding action and thus a greater grinding efficiency.

Experience has shown that when the load of pebbles is 55-62% of the mill
volume grinding is most effootive. The grinding media can be distributed in
the following two proportions and sizest

60% - 55 mm

408 - 35 m

The volume of material to be ground:

The higher grade of finenoss can be achieved with the Flumary and the
volume of the material being equal to the grinding media voidege. Such a
, volume corresponds to 35-37% of the total volume of balls or about 20-22% of
the mill volume.

Amount of Waters

Very dense mixtures are to be avoided because they hinder the proper
movement of the balls. It is diffioult to fix the exact amount of water re-
quired as this varies with the oomponents in the mixture to be ground. When
Peldspar or Quartz are to be ground the water amount should not exceed 25§
of the total mill volume,

iii, Mill Lining: The Lining as well as the Grinding Media are very
important factors for the grinding efficiency, Lining is done with porcelain
blocke as well as with silica blocks, It is a sood practice to use blooks of
not loss than 36 mm thickness when porcelain is used and T70=75 mm when silica
blocks are used for lining purposes. Nevertheless, the thickness of the lining
will depend on the mill size. The internal surface of the lining, that is the
surface which comes into oontact with the grinding media and the material to
be ground has to be smooth, For cost reasons mo-yt suppliers of silica blocks
do not place much importance on the smoothneass of the surface. It is therefore
neoassary that the manson chooses tho blocks properly so as to get minimum
gape between joints. The most effeotive system of lining mills is to start
from the sides, The thiokness of blocks used for the lining of the sides hag
%o be some willimetres less in thickness than those of the blooks used for
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2.4+ M lining ef the oylindrical parte The reasen fer that is that during erindins beth
i~ i the grinding media as well as the material to be ground abrades the side wells

d along a peripheral radius, whereas the centre of the side walls remaine praotioally
11§ not sttacked. The side walls are generally lined with blooks whinh desrease in
n @ thickness on approaching the centre giving them the necessary concave appearance,

¥ See diagram below,

Stee! Shell
mes
étatmﬂ of Mt%w‘“

After the lining of the side walls is completud the cement is allowed t60 harden
and shrink, This is then followed by the lining of the oylindrical part. The
lining of tre oylindriocal part of the mill is dons in steps, In small bal! mills
one half of the linine is done in one day and the other half the following day,

Tn oase quick setting ocement is used for lining purposes one has to woit 36=7;
hours, and longer if a normal cement is used, before the mill ocan be taken inte
operation,

ng § Gaps between joint of blooks should be reduced to a minimum and the surfasces
. .

of the joints have to be equalised. ‘

ive Cleaning of Nille: A thorough cleaning of the mill has to be undertaken
before using it, For suoh purvoses generally sand or hard grit with 6=7% olay and

50% water is run through. After thorough washing the interior of the mill is
inspected for cement or foreign matters,

Ve  Millins Operation: When the material to be ground consists of part eof
a fritted «'aze¢ and other materials have to be added it is better to lead
the mill with abou: 508 of the total frit at first, followed by the additions
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to be made, and laegt of »11 adding the remrining 504 of the frit. In follow

ing this procedure ~ better distribution of components results.

The materinl to be found is loaded into the mill already containing the
grinding media. Water is ndded last and hos to be carefully measured to get
the proper density. Grinding medin or pebbles should occupy 50=55% of tho
mill volume., Recent experimunts have shown that 50 mm diaueter pehbles are
sufficiently large to oneble good grinding of the larrest particles. Small
pebbles arc more e“factive whon the materizl purticles ore reduced in sige,
The minimum diameter of amall pebbles ghould not be less than 15 mm. Small
pebbles increase the discharge fime. Approximately it has been found that
the following cycles are guitablet

60% pebbles - 35 mm dimnoter

A0% pebhles - 50 mm diameter
Small millg imaﬁ for laboratory purpcces needs

80% pehbbles - 15 mm diametor

20% pobbles - 35 mm diameter

The rate ot which the mill should rotate (r.p.n.) depends on the interna
diameter of the mill. 1In summer time in hot countries it iz neceseary to 000:
the mill down during operation; Some modern mille have wataer jockets to maint
a low temperatura, Heating of ruaw materials such ag 3lnaze can be detrimental,
When the ball miil hag been in operation for a long period an increage in its
volume takes place oWwing to the wear of lining, PFor example, in & mill of
inner dimensions - 1020 ecm x 1520 cm, with & wear of 2.5 om, an increage in
volume of 10/ litraes takem place., On acocount of thig increase in volume a
regulation in the quantity of grinding media, water, and the material to be
ground hos to be taken into consideration. During grinding the pebbles theme
selves also abrade and their erinding effiocienoy is decreased. An addition
of bigger pebbles which compensate the wear and balance the milling offici-
ency is necegsary. An Average decrense in weight of 2, 25-4.5 kg in pebble
weight was found for grinding 450 kg of material. This loss in weight was
periodioally replaced with pebbles of larger size.

The unloading of mills is generally done by gravity, and in some cases
comprossed air is used to speed up the discharge operation, To avoid damages
it is advisoble not to overatep the prossure limit of 0.7 atmospheres.
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Cleaning operations have to be repested until water loaving the mill is
nlear. Such an operation is necessary especially when the mill is used
successively for grinding of different type of materials.

vi. Ball Mill Practicet The power consumption of a mill depends upon
the size, speed, its pebble and material load. When the load is not propor-
tional to the mill size a longer time will be required to reach the required
fineness and greater wear of the grinding media will result. A load lower
than the lay out ocapaoity lowers the grinding efficienoy. On the other hand
an excessive charge does not allow the grinding media to reach the highest
point and fall onto the material to be ground. The material itself will not
slide on the mill wall thus lowering the grinding produced by friction.
Eventually the motor will itself become too hot, absorb greater energy, and
sometimes burn out. Control of the power oonsumption and the fineness tests
on the material are essential to predict whether the mill is operating
efficiently. When the replacement of the grinding media lost by wear, is not
done at the proper time a decrease in &rinding efficiency will be notioed,
Fineness tests show & larger amount of oversized grains in theae cases.

4.3.2 Fineness Tegt for Ground Materials, Test on ground materials is

necessary. The grinding efficiency of mills and the particles size distribu-
tion of hard materials are controlled by tests conducted on each batoch. The
samples to be tested are taken before the mill is unloaded. The equipment
necessary for carrying out such & test is

l =~ uiev;

1 - scale 500 grs, capacity able to measure 1/10 of a gram

1 - container of 150 grs. ocapacity

1 - dryer
1 ~ glass oylinder of 1 1%. capacity.

Erogedure. The sample taken from the mill is passed through a 14 mesh
sieve, 100 grams of material are placed in the 100 mesh sieve and carefully
washed using running water. Care has to be taken to avoid the expulsion of
material from the sieve. Washing is oarried out till the water leaving the
 sieve is clear. The residue remnining on the sieve is dried and sieved again
in the dry state. The weighed residue represents the percentage relative to
100 grams of wet ground meterial. In order to express the percentage in rela-
tion to dry material it is necessary to know the litre weight of the material
taken as sample.
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4.3.3 Clay Stirring: Stirring breaks down the clay lumps and brings about

a water suspension, Stirring is needed when the clay suspension has t5 be
uniformly mixed with other components present in the mix before casting and
filter pressing can be undertaken, The most common kind of stirrer used in
the clay industry is the propeller type of stirrer. The propeller stirrer

is operated at about 200-300 revolutions per minute. A good deal of reseanrch
work has been done with the purpose of reducing the stirring time and at the
same time to increase the ocapacity or the stirring ability,

At the Annual Convention of the Canadian Ceramic Society in 1960,
Mr. K. G, Timm of Struihers Wells Corporation - Warren, Pennsylvania, presented
a peper on "A High Speed Pr.paration of Cley 8lip" (The British Clay Worker,
August 1962, Page 235-241). The paper describes the Use of Radial Propeller
Mixer. Such type of propellers show n marked improvement in stirring. The
suthor personally has used such a propeller with satisfactory results,
Stirring in iteelf is a very simple operation. Nevertheloss connected with
s1ch an operation are the important steps of weighing, selecting and loading
of the material to the stirrer container., Weighing has to be done accurately.
Bslecting of the material is an important factor, the main purpose of which is
to avoid the contamination of the raw materials with parts of paper, jute,
plastic bages etc, Care has to be taken that iron nails or iron wire used for
packing purposes do not get into the mix. Lumps of raw material often sontain
heterogeneous materials and are to be selected, inspected and rejected, if

necessary.

.
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5.  BODY PREPARATION

A sanitary ware body is composed of plastic clays, china clays or Kaolins,
Quartz, and Feldspar. The other additions ares

a) Barium Carbonate to precipitate sulphates as insoluble
salts

b) Cobalt Sulphate to colour the body blue in order to mask
the yellow ocolour of iron oxides present

o) Eleotrolytes such as Sodium Silicate, Sodium Carbonate,
Sodium Hydroxide, etc. to make the slip fluid

d) Water to suspend the components of the body.

Flastic Clays. These olays confer on the plastioity or workability which
means that they allow water to be retained thus keeping the piece in a plastic
state for some time during whioh the sticking of acocessory parts, repairs and
finishing of the piece can be done, During drying of the body thsse olays
help in the gradual release of water,

A8 OF Kaoling. These give a white oolour o the body, plasti-
oise it to a certain extent and 1like other olays take part in the ocoremio
reactions to form Mullite. They also raise the melting point of the mix.

Suarts. Reduce the plasticity oonferred Yy the clays. Oive a white
oolour and take part in the reaction to form Mullite.

Ealdanags. Aot as fluxes, 1.0, they lower the melting point of olays and
Quarts thus sllowing the formation of Mullite to take placo at a lower tempora~
ture.

¥akar: Acts as a susponding medium for the oomponents, dissolves the
sals,

From the charecteristios, methods and aystems already desoribed one oould
now be in & position to prepare a body mix but before this oan be undertaken
one has to prepare the right mix forwula. mmnmmmmm,
barium carbonate, eleotrolytes, cobalt oxide, or sulphate will have to be
added. The state of fineness of the hard material and the right plastioity
of the finished mix have all to be determined before produstion etaris,
Another quostion to be considered is tho availavility of gypsum for meuld pro-
duotion,

& i vy
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The author is of the opinion that as far as posasible vitroous china,
or at least semi-vitreous sanitary ware body should be laid stross upon, In
case a faotory already oxists one should try to change over to vitreous ware,
Aoocording to the author vitreous goods show many advantages and at the same
time are not too diffiocult to manufaoture.

Some years ago ceramios were still an art based on experienco, but with
the help of soience one is able to caloulate and thus find out the required
oomposition of bodies and other mixes. The following ohapter deals with such
oomputational methods. ‘
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6. C C SANIT WARE IN VITREOUS CHINA

Each typo of body requires a difforent firing temperature, depending
upon its characteriatics. It is possible to detemine these time=~temperature
curves by complicated oalculations but they arc only of theoretical value,

As already stated it is possible to vary the firing temperature and
cycle (within limits) by verying the components of the mix and their quantities
present,

The body mix with the following composition has 2 firing temperature

corresponding to Seger Cona 9 (1250°C) (2282°F). This is oalled the Segor
Pormula and is useful to study and compare body compositionss

Ng0 =» 0,078 FQZQB = 0,045 ’1'102 = 00,0498
K0 = 0,157 ‘
'390 = Q813

- 10000

This formula shows the rrtios of tho different oxides Mﬁ in the
raw material in a oombincd or free state which partioipates in the physical
and chemiocel reactions indispensable to the formation of resistance and
finished ceramic body. The first group of this formula represents the oxides
of the type RO whioh havo only one oxygen atom, The second &group § the oxides
of the type 11203 and the third group represents the oxides with two oxygen
atoms and the formula ao,‘,. This empirioal fomsula is used mainly for glase
oomposition. Tho Beger Formula for bodics is expressed with 2203 as unity
but for comparison purposes it would be advisable to use tho same system,

By multiplying the equivalents of tho various oxides by the molooular
weights, the weight ratio is obtained and from this the percentage composition
of She body: :
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Rogults for Seger Cone Formila
des Bquivalent Molocular Weight Ratio Weight

Ca0 - 0.092 56.1 5,161
M0 0.078 40.3 3,143
0.157 94.2 14,789

Ne.,0 0.673 62.0 41,726
41,0, 3.625 101.9 369, 387
Fe 0, 0,045 159.7 7.186
810, 18,53 60.1 1113.653
0, © 0,0%0 ' 80,1 | 4,005
1559.050

From the proportion of the oxidas to the total:

50161 § 1559.05 = X3 100 X = W

The porcentage composition of the oxides in the mixture are obtainedt

Cad0 = 0,33% A0, = 23.69%
Ng0 = 0.2% ' F‘ZOS ‘- '0.45%"
k0 = 0.95% 810, = T1.43%
Na 0 = 2,66% MO, = 0.25%

To oonvert the empirical formula into the raw composition weight we
consider the different materials to be pure and on this basis have an approxi=
mate result neap onough to that in praoctice.

Banitary ware mix containss

Kaolindse 2520 A1203 2!102 having n moleo .lar weight « 253

Sodium Feldspar 3,520 A1203 58102 " " " " = 525

Potassiva PMeldspar K0 al203 63102 " " L = 558

Quarts 8102 " " n " - 60

Having the correspondent oquivalents of the oxides wo may caloulato as
follows \‘

0,673 0.157 3,625 18,530  Matgrials MNol.Weight Mol, Retio

Na,0 k.0 a0, 810, Bquiv. Weight
«0,673 «0,673 - 4,038 Na-Foldspar 525 x 0.6T73 = 353.3
«0.157  «0,157 = 0,942 K-Feldspar 558 x 0,157 = 86,6
2,795 = 5590  Kaolin 258 x 2,795 = T2l.1

7.96C Quarts 60 x T7.960 =

Total parts in woight or ratio weight 1635,
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Reprcsonted as n percentngos
Kaolinite (Clays)  44.00%
Foldspars (Na + K) 26.82% =« 274
Quartz 29,18% ~ 29%
100.00%
Normelly the ratio of Plnstic Clay to Knolin is nround 111, We therefore
have the following compositions

Plagtic Clays 224,
China Clays 22%
Feldspar 214 .
Quartz 29
100%

The above composition i§ not by any means a final ono, Tests have to
be done in order to dotormine the differsnt oharacteristios of the mix with
respect to variations of its oomponcnts and for such purpose tho six bodies
given bolow are used na oxampless

Plastic Clays 2

24% 26% 254 o9
Chinn Clays 22 20 16 18 16 24
Feldepar 27 27 29 27 26 5
Qorts 9 29 29 30 X 26
100

Nothod of preparntions

n) the Peldspar is to bo ground until it pasmes through a 120 Mesh
Soreen, loaving no rosiduos,

B) Quarts is to bo ground until it passos 140 Mesh Screen oompletely,

To propare 100 kg, of o body mix the proportion of the components
detailed below should be addod stopwise to the blungers and mixed.

1. The blungare are filled in with 27 litres of water and kept
running,

% An addition of Cobalt Solution (C080,.7 H,0) corresponding te
16 gr,

3¢ Addition of Barium Carbonate (m3) 16 gr.

* Bes page 54, Body no. 5.
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4. Sodium Corbonate (Na2003) 32 gr.

5. The blungers arc kept running until a1l the mnterinle are
dissolvecd.

6. Preparation of sodium silicatec solution by adding 460 gr.
Sodium Silicate to 460 cmd wator (total 920 cm3),

7. Additions of 460 em3 of the silicnte solution to the blungors,
8. Gradual additions of plastic cl~ys to allow a good dispersion.

9, The china clay is now added and the blungers kept running
until all the added meterials nre in susponsion,

10, Foldspar and Qunrtz powders are now added and thoroughly
nixed,

11, The litre weight and’viaooaity aro now deternined,

The litre weight is detormined hy filling up a container of exactly onec
litre capaocity nnd weighing it, This gives thc litrc weight of tho slip,

The viscoeity is dotomined with the help of a tube type viscometor or
a torsion viscometor. The tube type is the simpler and is reocommendod for
uso, Its dimensions ares

Length of the tube 330 mm

Innor diamoter 33 mn

Dinmetar of the oxit nossla 3mm

The visoosity is dotormined hy mensuring tho time required to fill up a
glaas container of 200 m3 capacity by tho slip flowing from the visocometer
nossloe, ‘

‘The viscosity and 1itre weight of the wix bodios is shown in the table

189 18

93« 1951!

The firet stop to tako is to bring all the slips to the snmo litre
weight. This correction is possible by the addition of tho amounts of water
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calculatod by the formula given below to the slips of n higher litre weights

Wator to bo addod on>/1itro of slip = (P = 4) § 1000

d - 1000
whore D = tho higher litrc weight
d = tho roquired litro weight
Examples D e gra/litroc 1806
du " " 1789

v oo (1806-1789) . 1000 | 17000 ) s 3 or water to be addod

1789 - 1000 789 to eorch litre of water

Onoe tho litre woight is adjustod the viscosity of all the bodies are
again checked,

At this stage nn addition of silionte to the slips will give different
values of viscosity for the same amount of olectrolyte (milicatc) ndded, Ry
neasuring the visoosity of tho slips the visoosity ourve oan be plotted whioh
dotorninos $he maximum fluidisy of the slip and the amount of clactrolyte that
oan bs aﬂsd to tho susponsion. It is seon that thore is a point in the ocurwve
at Moa a furthor addition of sodium silicate causes ooagulation of the mix.
Obviously this point should not be rveashod,

The amount of slootrolyte which nllows the slip its maximm fluidity
without causing n sottling of the maserial is that point of the ourvo at whioch
the slip has the lowast rate of flow and can be taken ns ﬁ»uﬁmﬁmtb
for that slip,

Now it im nooossary to add tho asount of elootrolyto to the wator sus=
penuion, Tho amount of elootrolytc to bo addod to tho slip can bo taken from
i%s viscosity ourve taking into moccount the amount of elaootrolyte already
sdled during tho body mix proparation, After addition tho mixture is homoe
gnisod,

T™e oontainer is cmptiod over a vibrating soreen of 120 - 140 mosh and
the suspension is now subjeotod to magnotio separation, The slip is now
colleoted in an agitator and kopt in an agitnted state until casting in a
@poun nould, The litre woight and viscosity dotermination is onoe again
repeated befora the ongting procoss, The slip is well stirred and thon onat
into standaxd gypsum moulds whioh give the samples for the various tests $o
follows
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Shrinkagoj modulus of rupture and mechanical strongth; porosity; rate
of layor formotion in gypsum mould; water ocontent of the slipjy colour after
firing = with and without glazey glaze - body accord.

6.1. Tests

N 5.1.1 Bhcinkage tegtt To slab cast with the slip to be t:stad is formed by
hand pressing and is loft to dry for somec time on o gypsum slab, As soon as
this 8lab is formed two marks arc made on the surface eithor with the holp of

a compasd point or a sharp knifo. Thc marking is done ns shown in figure I
Appendix and the distance botween the two marks has to be exactly either 5 onm
or 10 on, the thicknecss of the slab should be about 1,5 em. Tho first measure-

& nonts are takon when the slab is dry. The difference betwoon thase two

measurements roported in porcentages givos the wet to dry shrinkage. The slab
is then fired at 8ogor Cone 9 and tho difference botwoon the valuo now

neagured and compared to that in the dry state gives the dry to fired shrinkage,
The sum total of thess twd> porcentages gives tho total shrinkage o.g. suppose
we have marked two points at 2 distance of 5 om. and on drying it measures

4,5 ome the difforenco of 0,5 om, = 10%, is the shrinkege from wet to dry, and
after firing it measures 4.3 a difference of 0,2 om. = 4% is the shrinkage from
dry to firod, and 10% + 4% = 14% the total shrinkage.

6.1.2 Nodulus of gchanioz }

This is tho rosistance of a picoc to an appliad force. The tost is con-
duotod on a tost pisce placed on two supports 10 om. apart, At tho ocontre a
foroce is applied and gradunlly inoreasod until the test pioce is broken. The
force required to bronk the piccoe is caloulated as followsi

kdeiz - ‘i. P . | 1

2 (a. b)E
whoret P = totnl woight applied in kgs. at breaking point
1 = distance betweon supports
8 = width of the tust picos at the brokon point
b = thiockness of the taest piece at tho brokon point

FPor vitrificd bodios this is gonorally between 400 - 800 kg/omz. The
rosistance of the matorial can also bo tosted by means of an apparatus based
on comprossion toste and traotion tosts., Traotion tosts aro conductod by means
of a dynamometor. Traction valuos for vitrified products can be as high as
250 kg/om®.,
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Compression testr arc conducted on cylindrical or cubic pieces. A
force is appliad by means of presscs. One condition which must be fulfilled
in order that the tests he correct is that the two parallel surfaces have to %
be oxactly prrallel to one another. For porous products fired at low tempera~ ,
tures comprossion values are around 100 kg/cmz. For vitrified products fired
at high temporaturcs values can reach 5000 kg/cm2.

6.1.3 Apporont Porosity - as moasuroed by wnter absorption. For this test
pieces are gonorally usod on which the tests for mechonical strength have

already been oarried out., The absnluto porosity is given by tha foliowinﬂ
P, = V - v = (1- _1_)100
A a n

whore V = apparent volume - total oxternal volume
v = actval volume occupied by solid particles
d = apparcent density
n = nbsolute density

The determination of apparont porosity is done according to the follow=
ing procedurct The picce im fired at n Seger Cone oorresponéing to the firing
temporature required (in this casc Soger Cone 9). A piece is broken off and is |
woighed acouratoly. This is then left in distilled water and boiled for at
least 3 hours. After cooling it is removed from the wntor and carefully run
over with a domp cloth in order to remove any wator film that may be adhering
to its surfnce. This picce is then again weighed, Tho difference in the
woight reprosonts the amount of wntor absorbed, The apparont porosity can be
caloulated as followss

Apparent porosity % = dator ghaorbed X 100
dry weight of the piece
6.1.4 Batg of lavor formetion: The slip ready for casting is poured into a

gpsum mould with speoial dimonsions nnd left inside for at least three hours,
After one hour the quantity of the slip corresponding to about 3 - 4 om. in
depth is drnined off by means of a draining hole at the bottom of the mould,
An oqual quantity is romoved aftor the seoond and third hour. During the pro-
sence in tho mould the slip in contact with tho gypsum will lose a ocertain
amount of water, romoved by the cnpillarity forces of gypsum. Whan dreinage
is done a layor of body mix remains attached to tho mouid surface. Tho throe
layors corresponding to the 3 drainages made at intervals of an hour each
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prosont difference thickacsecs. By moasuring the layer thickness one can
know the thickness of the layer formed in one, two and three hours by the pro-
gence of the slip in the mouid. This is usceful to determinc the reasidence
time of the slip in the mould to obtain the right thickness required for the
picce and at thc same time to allow the drainage of the surplus slip. By
determining the wviscosity of thco slip draincd ovt of the ruld after thre.
hours residence time, it is possibla to compare the tims of flow with the
viscosity determination madc previous to the casting operation. BSuch a differ-
cnce is takon ns n value of the thixotropy of the slip ot the measurad
residenoe time, If this valuc is too high it merns that the slip when
drained off the mould is dense and does not flow well. The change in vos-
cosity is such that the layer formed and in contact with the mould does not
have the right consistency and separation from the mould could occur, so
affecting the proportics of standing and drying of the piece. In such n

cnge it will be necessary to correct the viscosity of the slip before casting
it.

6.1.5 Dotermination of the amount of water present in the slip: 4 weighed

quantity of the slip is dried to romove the wnier prosent. This determination
of the wator content of the slip allows easy reproduction of other similar
glips. With the help of this detarmination it is also possible to vary the

litre woight with regard to the Thixotropic value whon required.

6.1.6 Colour aftor firing® The colour of the formed picce after firing is
important. The amount »f Cobalt Oxide will have to be ndjusted in relation
to the colour obtaincd in order to got the whitcst colour poseible. Adjust-
ments of Cobalt Oxide can be done both in the slip a8 well as in the glaze,

6.1.7 Jccord butwagn body and glage: Crazing is the most common defoct of
glazed coramic articles. Crazing appoars to -~ gruator extent on porous bodies
although tha opinion ie that vitrified ceramic piccos craze with difficulty
although it is possiblc to sec such n dofvot whon a new body is boing developed
or when the adjustmonts are not yet just right. The origin of orazing can be
traced back to a disagrecmcent betwecn the body and ites glaze.

Tengions cxisting in the body aftor firing causo it to oxpand. This
cxpansion is not followed by the rlaze whose clastioity coufficient is low and

as a rosult of such tensions the glaze is criss-crossod by very fine lines



ID/WG. 20/12
Page 58

A
5,
5
£
£
"
3
T

cnsily scen when the article is hold under a light source at a proper angle

of ineidunce, Crazing somotimus takas place n long time aftoer firing of the

body. The reason for this Leing the hydration of the Knolinitic conpounds
with consequent inercnse in wolwae of the body, Even whon crazing occurs
only in o fow cnsos proper investigntions have to be done to establish tho
cruses, In any cnsc attention has to Mo given to the {oll 'wing general ruless

r) Incrensing of the firing temperaturc or an extension of the
sorking tine (perisd nt which the Jlnze is ot highest
temperature) decronsos or clininates erazing defects,

b) The fincness of Quartz nad Feldspar have ~n influence on the
nccord botween body and glaze.  On incrcasing the finences
of hard nnterinls the thermrl coefficicnt of oxpansion ad-
Justs itasclf,

¢) Whea the thumal aocftisient of cxpansion of the glaze is
too high it is nccoessary to inercasc the anount of Quartz.

d) The ~mount >f Foldspar when increnscd rnises the cocfficient
of thermnl erpansion i.c. the glaze is in compression over
the bOdyo

e) Yhon asing fritted glaae it is nccessary to.reploce a part
of Quartz with 3,0, (Boron anhydrate),

f) Replacemont of o flux by one of = higher mol.icular woight
incrensos the compreseion of the glaze.

) By reversing the conditions in c), d), and e) in the body

compuosition it is also possible to rcmove crazingy defects.

Thoe tests to5 cstablish themnl cxpansion of hodics and rlnze are cone
ducted by neons of dilatomcters., These nrc genernlly cxpensive and the testing
requires considerable tine, In order to speed up the testing the Ring Systom
is used (described in 9,8.1).

6.1.8 Thc Warping Tests Weorping ie a defect common to many ceramic articlos

espocially vitrifiod ones. The tost piece made to dimensions is cast from the
slip. Whon the picoo is dried it is placed in o kiln and fired at the same
tomperature at which other tests are carried out. The piecc is sot in the
kiln in such o position as to nllow a free deformation. The deformation is
then mcasured, Deformntion ir oxpressed in :m., Attontion is drawn to tho
faot that the teste outlined above have to be carried out not only on bodies
but as well oe on oach of the raw materials to be uscd in order to know thoir
charactoristics before using thom. The samples of the raw materials ng well
as samples of bodies under toest are to be preserved with indications on thom

for comparison purposeos.
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Tho table 4 gives supposcd valucs for the various tosts on the six

previously mentioned bodies,

From this table the followins; conclusions con be deorived. The bodics

1 and 5 are of special intercet and ar: spocinlly discussed belows

Body No., 1. 1In this body the rate of layer formuiisn is high
cnough, Viscosity valuc at 160 sccecads is
reachod with » low amount of silicnic. Porosity
is low. Dorormation is the lowest. Its colour
aftor firing is white, Its mecchanicnl atrength
is thc sccond in the scries. This typc of body
should be given preference over the other five,

Body No. 5. The composition of this body has beon prepared
deliberatoly with an error. In fact the sum
totnal of the components is 96 and not 100.
This orror h-s to be corrceted and this con be

»
donc by . “toring the composition. In this case
instoad of 100 the components have to boe cnalcu-
latod proportional to 96 and converted to the
base 100, The procedure is as follows:

96 1 24 (Plastic Clay) = 100 : X X =22 X100 o5
96

On this basis thc composition is:
25,0 %4 Plastic Clay .
16.6 % China Clny
27.08% Foldspar

_};ngg Quartz
100.00%

This body mix is sufficiently plastic, has n
good time of flow in relation to the amount of
silicnto prcsent, deformation is not consider-
oble, but tho mochanical strength is the lowest
of the scerices of bodies. Tho flowing time of the
surplus slip is the lowest.

The body mix choson it now tested agein in a sanitary warc mould, For

this purpose a water closet has boen chosen.

The mould is made of pypsum or plaster and can be divided into one

foot (base of the mould), two side walls, and onc piston with its cover (to-
gether one picce.) Beforc the slip can bo poured into the mould it has to be
oleaned and wot slightly (humid sponging) thie operation romoves any gypsum
powder olinging to the surface of the mould and at the same tima reduces to a
slight oxtoent the ahsorption power of the gypsum at the initinl etages ospacially
when the mould is dry.
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Tgble g
Tasgt rezg;ts

Litre Woight 1739 178y 1739 1759 1789 1789
Viscosity (25°%) 160 mac., 150 sec. 123 sec, 140 sec. 118 sec. 174 sec.
Shrinkage (wet to

dry) 2,68 2.90 2.40 2.30 2.25 3,10
Shrinkage (dry to

firegg b 8.52 8450 8.70 8.32 8,64 8.0%
Shrinkage (total) % 11.60 11.40 11,10 10.62 10,89  11.15
Firing °C 1250 1250 1250 1250 1250 1250
Piring F 2282 2282 2202 2282 2282 2282
Layers after
1 hour (mm) TeH 7.0 7.5 8.0 7.0 8.5
2 hours " 10.5 - 11.0 11.5 11.5 10.5 11.5
3 hours " 13.5 1345 13.0 13.5 14.5 12,0
Mech. strength

(kg/cm?) 10.7 9.8 945 9.9 9.0  11.5
Deform, (mm) 23 <7 35 30 25 40
Porosity % 0.24 0,77 0.33 0.27 0.29 035
Thyxotropy (25°C) 234 sec. 220 sec. 200 sec. 210 mec. 189 sec. 30O sec,
Colour after firing White Whitish hite White “hile Creme
% Water 27 28 2645 28,2 26.0 29.0
Silicate % 0.26 0.34 0,40 0.40 0. 30 0.46
Cobelt Sulphate % 0.016 0,016 0.016 0,015 0,016  0.016
Barium Carbon., ¢ 0.016 0,016 0,01€ 0,016 0.016 0,016
Sodium Carbon, 0,032 0,032 0.032 0,032 0.032 0,032

Plasticity (mm of
dﬂfﬂmti@n) 10,= 12,0 14.0 15‘0 15.5 10,=
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The parts of the mould like the piston and the base which are to be
removed and duc to their complicated shape nnd ~lso due to the slip sticking
to them they have to bo dusted with Quurtz or talec powdor to cnse renoval,
The parts of the mould arc now hrought tozether and sot propoerly. The con-
pleted mould is held toguthor with tonsion bolts v prevent the nould parts

falling apart under thce pressure of the slip.

The drain holos =re stoppod with Aluninium rods sonted with le~ther
hard clny. Funncls (preforably rubbor ones) arc set over the crsting holos.
The mould is now ready to receive thoe cnsting slip which is pourced into it
at n rogular ~nd continuone rnto ~woiding intorrup’ions, Continuous filling
prevents nir gzetting into the moulde When 1 mould is of the closcd type it is
nacassary to have onc Sr more smnll holes ~t the hoghiet point to permit the
cgcape of nir during casting. Such holes ~re stopped when the slip riscs up

to the surfico.

The residonce time was mensured ~lrendy by motns of ~n open cnating
mould, whoreas in the coae of closed mould the laver Tomntion tnkes plnoce
botwaen the gypsum walls., The residonce tine in o two-unlled mould is shorter
and this h-s to he kept in mind., Tho toble below shows the time at which

difforent operations nre to be carricd outs

r—

I Type of Article Chsting Time Drainnge Tine  Piston henovel  Pioceo Ronowal |

@ 4 ? t ~t t

! i \ .

b i -

! Wator Closot "6 h 0 min 9 h AN P RS T 1t h

i

- Wash Bngin é6 h 30 min ' 9 h 11 h * 1< h 3
; 14 h ‘

3

; Bidcet .6 h 20 nin 9 b 11 h

Wator closct ~rticlues can bo of the opon c-wating type having: wnoupper
rim opon (obtnined by drainngc) or the upper rinm 2loseds The 2losod rim in
camt in o propor mould and stuck on to thu tow! of the closot ~ftor romoval
of tho piston. Tho intervnls givon in the ~hove toble nr¢ only indicative,
daponding on tho tempernturc nnd rel-tive humidity of the ensting room, The
condition of thu mould (dry or alightly wct, nuw or used) is the controlling
faoctor for the variations in timc, Complox ~ssonblics or atick-up piccus
moan additionnl oporations such - cnsting the prts sopnrntely, sticking the

ploces togothor and finisuing off tho oxposud joints. Brnd finish in atick-up
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piccos and badly donce finishing oporations arc visibloe on application of the
glaze and load to more rcjoots, Intornal joints nre a great danger and givo
riso to loaks., The stioking of parts is donc by applying a loyer of coagula~
tod slip on thu surfaces to bu stuck together. Coagulation is donc by adding
o fow drope of acid to the slip. The parts are placod togethor and prosscd
until the surplus slip flows out of the joint. This oxtre slip is romovaed
with a thin stocl plate. The first finishing is donc by o rubber platu and
ovontunlly the blurs arc removed with a wet sponge. During sticking one has
to avoid ~ir pockets buing onclosud butween joints because during drying and
firing an increasc in the volume of the air causus cracking. After tho
ropairs have beun donu the formed pivce is 1oft on a basc. Rupairs of supor-
ficinl cracks ars donc hy introducing slip into the cracks by moans of a
brush, Finishing is donc whon the piccc is still lcathor hard, The picoe is
thun inepected for defucts., At this stage ropairs nre no longor possible in

most creus, . carcful usc of » thin stecl and rubber plate removes unovennessas :

and gmooths off the wdgoe. .\ wet spongc ic passcd over the surfaco to remove

& thin layor of very fine pnrticles of clay which migraic to the surface under
the oapill~ry retion of gypsum und to open up tho poros in which tiny particles
are ncocumulnted. ‘hon tho spongc is well appliocd it romoves scratches loft
bohind by the scraping operation of tho stesl plate and contributes to the

cvonncss of the surfacce in goneral.

The finished pioce is now 83% on a wood bas. dusted with very fine
Quartz or tal~ powdcr (to allow tho body to move freoly - shrinkage movements
Guring drying). A plestic cover is gorerelly put on to the piece and keops
the drying rote low and vrote.ie the vody frem air curront.,

6.2  Hummaxy of tho ocagsting oporations:

r) Mould Proparationt Wol sponging with sloan wator. Dusting of
the movable parts with vory fino powdor of
Quartz or talc,
Assombling of the mould ports, and tightone
ing. PFixing on funnuls to mould.
Closing uv of drainage holces,

b) Castings Filling up of the mould is dona boginning
with the funnel nt tho lowost level until
the rising slip fills up the other funnols,
Closing of air ousoapc holes,

&



c) Drainagos

d) Piston romovals

o) Btickings

f) Romoval of the
plaecat

g) Minishings

D/WG,20/12
Pagre 63

Romoval of the rodes clocing the denin
holes aftor tilting of th: picec toward
the 81d0 of tho draining holes,

Capeful romoval of tho piston -fier

olo~ning tho castinge holes nd nir cscne
ping holes, .

Applicntion of conprulated slip over the
surf'noe of thoe atick=up pivcces.
Assamblin,s of tho stickeip parte and
presain,

Romovi.l of ths surplus elip from the
joint surfnecs,

Coraful romoval of the covurs and eide
wnllse.

The picce is left on its brse until the
following dny.

Rapnirs of tho crncks,

Seraping by ncane of n thin stocl plate,
rubbur scrapcer and wot spongu,

Covoring of the piccc with a plastic
shoot aftor it has boeen sot on o woodon
basa.

Sotting in the drying plnou,




1D/WG. 20/1 2

Feldspir ~nd Quartz Returna from Cnsting Room

aw Crugher Stirrer
agp b Yibroting Scrogn (80 Mesh)

STIRRER

1 Water amount

2 Cobnlt Sclution

3 Sod: Solution

4 Prrt of ¥lactrolyte amount
5 Brrium Carbonnte Solution
6 Clayrs

7 China Claye

8 Tlentrolyte additions

9 Feldspar and Qu-réz

Yibpotiag gigve (140 Mesh)
g%‘ggt §ggggggcr

Slunir — :0 - 15% of the
Vibroting Siove (140 Heash) otnl mixture

Costina Noom
Seutrels g caating slip:

a) Litge Weight U) Viscoeity o) Rete of Layers formation d) Thyxotropy

test c¢) Wnter ~ontent 7

1 GO ac 1183
n) Shrinkngo wet to dry b) shrinknge dry to fired o) Mechanional strongth
d) Plasticity c) Deformation

gontrole on tirod opoojmongt
n) Porosity b) Mochnnicnl strength o) Deformation 4) Colour e) Acoord
£) with glaze




7o FIRECLIY SANITARY WART

Tho Fireolay typo of body in used in making sanitary ware articlus of
larire sizo, TFor the manufacture of Firuslay, sanit-uws olaye which after
firing are not vhito nre used, The renson for this is pwely economiczl, In
fact the uso oi moro exponsive row materials as claye would raise the cost of
production tc prohibitive lovels,

Foldspar oontont in n fircolay bady ie lows between 3 to 10%. Quurts
content is “ls. low, lying betweon % to 15%, An important row metorial is
Grog ("ired clay or rejected cerwunic nrtinles, orished and sisvod), This is
introduced iuto the mix in ~ sige varyiag up t> 2.5 mm diameter,

The Cunction of the Gros ie to inorease the water nbgorbing ocapacity of
the gypsum mould, thus alloving the thickness of pieces to be incronsoad. By
introduoins Grog into the body, they Lecome more porous ané thum allow the
formation of thioker layers than Vitreous bodieu. The porous n-ture of the
body in the raw stato permits water ts travel to the gvpsum mould more oagily.

Depending on the sise of particles, the Orog occoupies different volumos.
In othor words, Oro~ of grein sise 2,5 mm has ~ different volume than tho snamo
veight of Grog of size 2 mm >r less. Different volimes onuse the body to
behave differontly in terms of themal expansisn., Thus a variation in the
Gror grain oise hag to be done ocarefully taking ints account the consoquent
chanze in volume. The grain sise has scneiderable importance in proserving
the slip ochamnoteristios.

The introduction of Grog ie done in relstion to the thiokness required and
to produco a body which is as oormpact ns pomsiblo a .niform distribution o7
¢rain size is essential. A simple method of finding out the best Gros sise
distribution i3 tn mix varyins percentages of different grain sizes and to
examine thery mixtures in a gradunted zlase oylinder. It is nomsible t-
observe the grain >rientation and to mensure the total volume ncoupied by n
eiven quantity of the Oroy. The ohoice will frnll on the more compast mixture.

4 variation of the peroent: 7o :f the grein sises 3f the Grog in the mix-
ture could alter the cosffioient of thormnl expansion of the body either
favourably or not, Prefernbly cno nhould use more types of Orog. Oro/s of
different fired charaoteristios, for example porous, non-porous, vitrified,
compensate water nbsorption and oonsequently lower the wet to dry shrinkage.
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A very high eontent »f vitrified Orog will decrease the finnl strength of
the finished nrtizle ng it iz difficult for the reqiired reactins to occur
between this tvpe .{ OGro: =nd the gsurroundin,g clay particles. When the Grog

ie t porous it will abuorb san wdue amount af water.

In genernl, plunts producin: semi-vitresus »r vitreous sanitary ware
reuse thoir rejented ~rticlaes in this branch as Gro,r for fireclay bodies.
There ~re ~laso frotories that nanfact wre Groz but it is quite normal for n
factory t» crush a preparcd fireciay. This is done by extruding clay bricks
and firing them in kiln 5% most voried types. Pirebricks conine from the dig~
mantled kilns are sometimes ~lsc uged as Gro.r, The bricks are crushed in
jaw crusher and then in an ed;;c rurmer nill and the ground product is then
passed throuzh n rotary sieve and seprrated into different grain sizes and

stored scparately.,

The following diagram shows the steps in the preparetion of a fireclay
body .

Comments on the results of Firecloy bodies

Thermal shock recistance tests on the fireclay specimen (after firing)
either with ©n angobe nlone or with bsth engobe and Zlaze are very important
for Firecloy urticles as they have greater thickness and when under test,
tensions develop between the body and the coverin,; matter (engobe and xlaze).
In use these ~rticles are subjected to sudden changes in temperature and in
such crge o temperature ~rndient oxists between the inner and outer surfrces,
When the recistance to temperature shocks is not snfficiently high, the ton-
sion that builds up in the article is =reater than the forces of cohesion of
the material rnd the body breaks or cr-cks. These very fine linos are called
Dunting,

The litre weight »f thc apove body is about 2 kgs. and the shrinkage is
very low. These two facts are rolated t> one another. A higher shrinkage in
a larger cnd heavy article cnusos cricks during drying and firing. The amount
of electralyte added is high and the viscogity of the body is lower than that

of the vitreous one.

The possibility of soluble salts present is higher as less valuable clays
have been used for the purpose (uawashed clays).
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?oldspar -~ Quartz Grog
Jaw Crushoer
Runner Mill
Boll Mill R) Ve
g re— D gznet Sgparator
? ? Stirror

i
i

—

1 Water amount

2 8ada Solutim

3 A part >f aelectrolyte
4 Barium Carbonate

5 Clays

6 Tlectrolyte ndditions

Q__’ 7 Feldspar and Quartz

L—-h 3 Grog

Controls on Casting Slip:

Vibrating sieve
Magmet Soparator

4.

Returna from caating room

Stirrer

Vibrating Sieve

Blunger &

Vibprating Siave

Mepmet Separator

Agitator
Pu@ping Unit
Casting Room

a) Litre weight b) Viscosity o) Rate »f layers formation d) Thyxotropy
e) Percentage water onntent.

Controls on cast specimens:
a) Shrinkage wet t> dry b) Mechanical strenzth c) Plasticity

Controls on fired specimens:
n) Porosity b) Mechanical strength c¢) Deformation d) Colour e) Accord

with glages




ID/WG. 20/12
Page 68

The fnllowing jives the compasition and charaoteristics »f o Fireclay
hody  The Sorer nr ampiricnl formula of the body is as followss

2
MO 0.20 Fe,0, 0.23 Ti0, 0.28
K.0 0.18
2
8520 0.28

Ca0 0,20 4‘11?03 3.80 310, 22.39

, 3102
Ratio of Silica t> Lluminn = ... = 5.9

1'&1203
The chemicnl compositiya ic as rdllowss
Bi0, 72.5%% Body, mix compisition

,"".1?03 20.9% Plagtic Clays 35.757

?'203 203 Clnye 21 2%
Cel 0.77 Quarts 3.50
Hg0 0.6 rog 2 mm.  porous type 3.26
xzo 0.96 A | " " 1.00
Na, O .92 Less than 1 mm porous type 1.00

mgg 1.18 LN | " " 1.00
" " 02 o " 1.26
Less than 0.2 mm vitrif. 5.48
" © 0lmm " 3.00
" 0.1 = rejects 7.00 (wash basins)
" 02mm v 13.00 (WB=WC ota.)

0.2 bdriocks 3:20
lmkm

legt oheracteristics
Litre weight 1940 gve.
Viscosity (25°C) 108 meo.
8hrinkage (wet tn dry) 2.1
Dry to fired 2.1%
Total shrinkage 4.9
Piring °C 1225
Firing °F 2237
Layer formation after 1 hour 9 m
" " "o 12 m
" " "oy, 14.5 mn
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Test characteristics (cont.)

Mechanical strenzth 11.3 kg/on

Deformation 5.5 mn

Porosity % 8.93

Colour after firing Reddish

Water amount % 20.90

Electrolyte (silicate) 0.55,

Barium Carbonate 0.15%

Sodium Carbonate | 0,10%

Plasticity (mm of deformation) 6.00

Thermal shock after & shocks on the
en;obed specimen: Crazing

Resistonce from,llooc to 15°C After { shucks on nn
enrobed and irlazed
specimen ¢ Dunting

The flow rate of the Fireclay slip is higher. Bec:use of the larger
particle size (2.5 mm) 6 mm diameter nozzles are used for viscosity measure-

ments,

7.1 PFireclay Cagting Slipt The casting process is ns followst

The Firaclay slip ready to be cast is transferred to the mould. The
oasting @y stom used in the previous chapter is closely followed. For the
purpose of desaription a kitchen sink consisting »f a basin with plate-rack

and a stick-up overflow incorporated is considered.

With Fireclay slip there is no possibility of having hollow rims and for
this reason there are no drainnge holes in the mculd. The piece is obtained
by molid casting. Only in exceptional cases where the articles are large, the

dreinage of surplus slip is possible (big bath-tubs, large urinnls, etc.)s

The kitohen sink mould conasists of two pictons nnd”a case. A sepurate
mould is used for the production of the overflow part which is then stuck on

to the piece., Both are in a raw stete when they are stuck together,

The piston constitutes the base on which the mould stnnds. The upper part
of the oase has 4 or more casting holes. Cnsting funnels of 2 t» 3 litres
capacity are set onto these holes and the casting slip is poured into the
funnel at the loweat level at regular rate oontinuously till the slip rises up
and ii}la the other funnels. The nir escape holes nre closed ne the slip rises

to the surfaoe.
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£ iittle water is added to the funnels so that the slip here is covered
with a film of water %n prevent the formation of a coagulated slip film, thus
making easy the feedin; of slip during the period of time the body remains in
the mould. Due to water nbsorption by the mould, the level of the slip falls.
S8lip has therefore to be ndded during the time of residence of the slip in the
mould which is 15 to 20 hours.

The casting process is
a) Mould preparstion -

b) Casting -

o) Mould removal -

4) Pinishing -

ng followas

The piston is wet with & humid spcnge followed by
dusting with talc or quartz powder.

The interior surfﬁce af the ocase is wetted.

Mould is assembled 2nd set up-sido-down on the
cnetin: bonch,

Tizhtonin~e up of mould.
Fillinz ap of the mould with slip. Slip is poured

in nt the funnel at the lowest level till the slip
riscs and fills up all the other funnels,

Closing air escape holos.

Cleaning up of casting holes.
Loosening >f the mould.
Removal of ocase, °

Closing up of the casting holes with leather hard
s8lip.

Fixing on of the stick-up over-flow.

Placing of a wooden plate on the piece bottom.
Turning over of the mould to its normal position.
Removal of piston.

Repeir of craoks using slip.

Cutting out of the over-flow window in the position
indicated.

Covering up of piece with a plastic sheet.
Tranafer »f piece to a rotating pedostal, soraping

to remove blurs and asperitos using a thin steel
plato.

Washinz with humid sponge. This operation is re-
pocted till the surface of the piece is slightly

rough.
Transfer of piece to the racks.

Covering up with a plastic sheet,
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Observations. The scraping and washing operations are necessary to remove

the thin layer of fine clay particles which migrate to the surface of the piece
during the absorption of water. Such a layer, if not removed, will have a
greater shrinkage than the successive layers. Thus the shrinkage of the
applied engobe will follow the shrinkage course of the first film and cause
cracking. The result will be a cut engobe. The defect is more marked in the
interior corners of the piece from where it is difficult to remove the film
and where the acoumulation of the engobe, during application, takes place.
Washing and scraping operations are long and difficult. If scraping is done
by applying too much pressure, the surface becomes too rough and the engobe
will not cover up the asperities. When scraping is only superficial, the fine

particles remaining behind will cause a defective engobe.

Washing has to be done by means of a sponge dipped in clean water to

remove clay particles collected in the sponge pores.

In order to allow a complebte and uniform engobe covering, the edges of

the piece have to be rounded,

In Fireclay articles, repair of cracke is possible, also when the pieces

are leather hard.

The particular areas of the surfaces of the articles on to which stick-up
parts are to be attached have to be scraped well to make them rough to in-
orease adhesivity. Generally the moulds are so formed that there are grooves

in the articles surface to ease the positioning and fixing of stick-up parts.
On drying, the piece is once again scraped before applying the engobe.

7.2 The obet An Engobe is a type of porcelain or vitreous body, the
application of which is done with the express purpose of covering up the rough
surface of the fireclay and to mask its reddish colour, It is applied with a

brush (old method) or by spraying.

The preparation of Engobes is complicated and their application is diffi-
cult and costly.
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An engobe suitable for the fireclay body conmidered can bs prepared from

the formula given below,

Seger or empirical formuln

Ca0 0,11

3 2
Nazc C.74
Chemiocal compositions Batoh compositiont '
810, 72.23% Quartz 26.00% fired 20,008
M0, 21,86 China Clays 27.00% ;m 7:0(,%
Fe 0, 0.29 Plnatic Clay 7,00
Ca0 0.54 Feldapar 40,00
MgO 0,20
K0 0.75
Na,0  4.04
™O,  0.07

Engobe preparation for o fireclay bodyt Quarts and feldspar are ground to &

very fine powder so that it passes through a 180 mesh sieve.

The engobe is prepered in n Ball mill and the following components are
put into the mill in the order: '
1) Water, 2) Cobalt Solution, 3) Clays, 4) China Clays, 5) Feldspar, 6) Quarts.
The Ball mill is kept running until a fineness corresponding to a 180-200 mesh

i®s reached.

The prepared engobe is then transferrod to a container and kept agitated
for some time. The litre weight and viscosity are then adjusted and controlled.

The engobe is now passed through a vibrating soreen nnd n magnet separator and
depending on produoction requirements stored in small container of 100 litres
capaocity.
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Duc to the fact that the thicknoss of the ongobo layoer is to be 0.8 - 1 mm
as also to increace the adhesivo property of cngobe, it is nocossary to add an
orgonic adhosive to the ongobe. Adhesives uf animal orizin arc the most guit-
able. When using such an adhesive, care has to be eoxorcised in their preparation
and addition. The water temperature should not excecd 600(‘., otherwise docon-
posion of the adhesive takes place. The solution is added in amounts dotermined
previously and homogonized by high speed stirring. The homogenizod water sus-
pension is sicved to remove coagulated particles of the adhesive. The engobe
is now stored in a cool room at a temperaturc of 10°C $ill it turns to a gol,
The gelified ongobe is stirred and transforred to the pressurc containors and
is sprayod onto the fireclay articles,

Determination of the golyfying powor of glucs fPiekarsgilz

This tost is done to establish the minimum concentration at which a glue
gelifies. The lower the concentration at which the agluc golifics the higher is
its adhecsivity.

Tost procedure

5 groms., of powdored dry glue are put into 9% om3

of cool watcr; aftor ahout
an hour tho gluc particles incroasec in volume. The solution is now hcated to a
maximum temperature of 60°C. 25 cm3 of the solution are cooled to 25°C, of whioh
20 cm3 are placed in one test tube and thc remaining 5 cm3 in n sccond. To the

first test tube containing 20 c:m3 golution 5 c:m3 wator arce addcd.

5 om3 of tho solution are taken out and put into a third test tuboc. This

3

procedure of adding 5 om3 water and thon romoving 5 cm” of solution is repeated

a number of times. The following dooreasing concentrations of solution are

obtaineds Solution 1 5% Glue in Water
" 2 4% " " "
A " 3 3 . 20% " ] "
Solution 4 2.56% nw o ow oon
" 5 1. 64% N on "
" 6 l. 31% ] " "
Solution 7  1.048% " "
" 8 0.8371% " "
"

" 9 0.6707% "
Solution 10 0.5364%

These solutions are a period of 1 hour at 15 C. The test tube in which goli-
fioation tokes place is noted and gives the necessary minimum concontration,

=
o 2T 2 3T 3
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Characteristios of the Engobas

Litre weight 1,486 s/1itre

Viscosity 38 mecs,

Cobalt Sulphate 0.017%

(Jelatine gsclution 80 g/kg. (corresponds to 25 g. dry glue per kg, of

engobe in water suspension).

Notet Qolifying glueé are affeoted adversely by humidity and temperature. In
hot season the amount of glue to be added to engobe increases up to

30 gfkg.

Phages and Operations in applying the Engobes

1. The pieces coming from the dryers are carefully nloaded from the
cars and placed on tables, Thz support is removed from the piece.

2, GClazing of the overflow tank: The discharge hole of the overflow
tank is stopped with a rubber cork., The tank is filled up with the glaze.
The glaze is emptied through the discharge hole again.

3. Inspectiunt The articles are now placed on ocars and sont for inspec-

tion. It is here decided whether such decfects are repairable or not,

4., The selected pieces are inampected further for eventual cracks at oru-
oial points (corners, joints, edges, rims, stuck-up lines). This is done by
brushing such pointes first with kerosine and reinspecting. The piece is then
washed with o wet sponge and rinsed at leact 3 times. Compressed air is used
to remove dust and foreign mntter. ‘

5« The article is then numbered as follows:
Date ~ Shift Number - Line Number - Ball Mill Number,

6. The piece is now conveyed to the engobe and glage cabins staepwise,
The operations are generally carricd out in cabins ae described:
I Cabing
Three layers of engobe are applied by spraying.

The sprayer uses hic hands to make the engobe layer uniform.,
This operation also improves the adhesion of the engobe to
the articles and prevents the formation of patches on the
surface,

Drops of ongobe hanging on the rim, discharge hole, overflow
window and in corners are removed.

After a general inspection a thin 1a,yer of engobe is applied
on the rim edges,
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IT Cabin:

Two layers of engobe are applied here,

The distance between the I and II cebins should be at least
4 metres, i,e. the article should have enough time hetweon
these two cabina to allow the first layer to dry,

IIT Cabint (4 metres from II cabin)

Here agnin two more layers are applied. The surface is
made even by running over with the hands.

IV Cabin: (6 metres from IIT cabin)

The pieces have to he dried before application of another
two layers of ongobe. While npplying the engobe, care has
to be taken that the engobe does not uccrmulnte in corners.
In any case, corners have to be cleaned with a moist sponge.
Aftor application of the two layers, blurs sad drops of en-
gobe are removed ond the surface is mado evin bv running e
very s3oft sponge over the articles.

V Cabing (6 metres from IV cabin) l

When the piece is dry, glaze is applied. Three layers of 1
glaze are applied by spraying. '

Glaze accumulated in corners is removed with a wet sponge. '3

The glazed piece is conveyed to intermedinte lines ~nd is not
set on the kiln cars before the surface has dried ~ in the
particular case we have selected, - not before 30 mins.

7.3 A new method for the application of engobe to fireclay bodigst Owing to

various complications involved in the application of the engobe by spraying,
the author (C. Castelli) developed » new system of engoving. This new system

has advantages and is economical as well,

Method: Vitreous China slip of a litre weight of 1,789 g. and viscosity of
160 sec. at 25°C is poured at a regular rate into the mould. The casting
operation is stopped when the funnels are quarter full, The slip is nllowed
to remain in the mould for about 12 mins. The surplus slip is then drnined
off through two drainege holes made previously at some hidden point in the
mould. When draining, the mould is tilted towards the drainage holes,

The drain hole diameter should not oxceed 2/3 (maximum) of the inlot hole
diameter. The reason for this is that when the slip drains out at a high rate
and air cannot flow into the mould cavity at this rate, a vacuum is created,
resulting in o pulling in of the walls, thus separating them from the mould.,

This gives rise to such defects as warping, crncks, etc. in the green and dry
stages.




L RITE

ID/WG. 20/12
Page 76

When the vitrecous slip hos been completely drained off, thc drain holes
are stopped with rubber corks. Now fireclay slip is poured into the same
mould using the same funnecls and the slip is left in the mould for the same

time as for normal fireclay zlip.

The opcration of cnse, piston nnd piece removal is just the same and
normgl. The stick-up parts nrc produced by the same method described above,
The sticking is nlso exactly the same, the oniy difference is that the sticking

is done using Vitreous chinn slip and vitreous china instend of fireclaoy.

Tests carried out show that with an interval of 5 mine., 10 mins.,
15 mine., 30 mins. between the draining of the surplus slip and the casting of
the fireclay slip does not affect the adhesion of the fireclay and the

Vitreous china slip.

The drying of the pieces has to be done slighly slower than that in the
normal process with sproy application and hand finishing. The piece now
removed from the mould is complete, i.e. it does not require any eagobing.
Articles ongobed by using such a method have to be glazed not as fireclay
articles but =g Vitreous chinn. Firing cycle and firing temperature are the

game ag in the traditional method.

Gypsum -moulds used for such a method require careful preparation; joints

require special attention and hnave to he perfect.

A section through the cnst piece shows a regular and uniform distribution
of the two loyers of Vitreous China and fireclay. The finished articles are

gimilar to vitreous ones.

The system can nlzo he used for ~rticles requiring a coloured engobe. In
sBuch a case the vitreous slip has to be coloured and this is done by simply
mixing in a colour into the slip.
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Results of tests on traditional and plated fireclay bodies

Vitreogg Ching Slip
Litre weight

Visoosity (2500)
Residence time in mould
Thickness obtained

Fireclay slip

Litre weight
Viscosity (25°C)
Residence time in mould

Bhrinkago wet to dry:
" dry to fireds
" totals

Porosity:

Thermal shock resistance:

1.789 grs.

160 secs.

12 mins.
1.5 mm to 2 mm.

1.940 grs.
108 gecs.
18 hours

Plated
Fireclay

2. 54%
3.0

5.50%
0.50%

After 5 shocks
dunting oracks
observed.

Accord between glage and bodyt As in the

Vitreous China
Body.

Traditional
Fireolay

2.63%
2.49%
5.12%
8.93%

After 5 shocks
dunting cracks
obgerved.

In =ccord.
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Sink lenzth 90 om. Sink Length 100 om.
Opar:-t.oqe Firecloy Fireclay
b 'raditicand Plated Treditional Plated
min  ssos nin gecs min  mecs min secs
Rould nad Pumnels oleaning 2 0 2 80 1 80 1 80
Bould timmtoning 2 15 ? i5 1 45 1 45
Costing 7] 0 2 0 0 ui 1 20
Pece removel i %0 3 %0 2 45 2 45
Extorior finishing [ 6 %0 6 50 2 90 2 90
Upsstting the aculd | 2 & 7] 2 B 1 83 1 83
Interior Pintehing .1 0 1 0 6 L 6 85
Outeite fintshing 3 0 8 0 4 50 4 50
Sponge washing 7 0 ' 0 3 75 3 715
Transfor t¢ dryer core 0 9 ] 95 0 60 0 60
T AP - A s —
fotal viam &~ 0 7 0 26 70 21 33
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Table 7

Comparison between Fireclays with respect to times and
gonsumption of raw material

Plated Firec Zraditional Fireclay
Sink 100 om, *  8ink 90 om. Sink 100 om. Sink 90 om,
1.449 Kgs. of Qlaze 2,117 7.940 Engobe kgs. 5.730
1 min, 60 seos. Time reqd. to 2 mine.98 secs. 7 min.49 sec.Time reqd. 5 min.40 seocs.
apply to apply
6 mins, 9 seos. Total Time 7 mins.70 seos. 21min.80 sec.Total time 17min.35 mecs.
' 2,183 Glaze kgs. 1.827
3 min, 5 sec.Time reqd. 2 min.25 secs.
to apply

5 min.30 sec.Total time 4 min.50 secs.

Table 8
\] coats of two ¢ of Fireclay 8

Operations Sink 100 om, Sink 90 om
Tradit, Plated Tradit. Plated

Slip preparation . 817 1005 1109 1375
Moulds making 143 143 195 197
Casting 598 608 844 862
Drying 88 88 120 118
Engobe preparation 198 - 244 -
Engobage 388 - 4m -
Glase preparstion 60 161 72 309
Glasing 94 184 113 231
Loading on cars 58 58 58 58
Mring 663 663 750 750
Classifying and 62 62 85 86
dispatch

3169 2971 4067 3986

In the desoribed Plated Pireclay the tendency to craze found in traditional
fireclay is decreased. In fact, traditional fireclay is engobed and glazed only
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on the front, bottom and interior of the article. On the other hand, plated
fireclay articles are prectically totally cevered by the vitreous engobe and
therefore do not offer a porous surface ocapadle of water abeorption.
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A\ preogent there are - fow ‘ePwrin articl e which re not glasuds AR
the begimming >f the pottery making apoch glazer were unknown nd perhape
alee not wantaed,

Aocording Vo n lugend, glasing is suppwed to have Leen discovored by
sooident when ealt fall into the fire, Balting of pota wae ropeated t411 man
finally €id wbhieve & glased surfuce, “ther salts and metals were tried out,
londing $0 the development +f sore sonplicated nd benutiful glases,

™e application of » glase Aae » nuabar of dv-atous,
(n) The nrticles have & better nppearaca,

(v) ™e porous surface »f aprticles ian tovered «p and no beorpiion
talee place, Thae cleaning 8 enmler,

(o) Resistance te scide wd slitalies L8 a oharacteristio of glased
cerenio producte,

(€) Glane on insuintors increnses resistivity, Jlased sowye
pipes resist corpesicn agnimet wagte watem,

(@) Ginsed articles are Bygsiemic,
(f) Glased wall snd floer tiles sive better \iviag conditions,

6.2 e siases sad Mail seloniabie

Olasos Are sxpreseed Wy 5:0% cermmisrte Wy » soleculqr oF n enpisioal
formula which gives the nolecular fractions of the izidas present in the giase.
Pron the molecular fogsmule A8 18 enny (o derive the puroenta g of oxides
preseat in a glase,

Por emwmple the following gives the sclecular formula of o partial fritted

glanet
20 b0 ~,
Ond 0,380
k0 0,076 0,20 A1,0, 2,900 840,
Bag0 0,210 ,, 0,370 3,0,
o 0,30 ¢
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To get the weight ratio tho equivalents of the oxides given in the mole-
oular formulo ~ro multiplicd by their molecular weights as shown bolow,

Oxide Bquivnlont Moleoular Weight ratio
S woight

Cn0 0,380 x 56,1 = 21,318
120 0,076 x 94,2 = T+159
la20 0,210 x 62,0 - 13,020
Mo 0,334 x 223,2 - 74,548
tleB 0,260 x 101,9 - 26,494
ss.ae 2,900 x 60,1 = 174,290
3,0, 0,370 x 69,6 - 222102

The oxides presont in the molocular formula are in a definite ratio and
%0 obtain tho porcentnge composition, one has to divide the weight ratio of

Total weight of the batch 342,581

She oxides by tho total batch and multiply by 100,

Ca0 21,320 t 342,580 x 100 = 6,22
K0 7,160 t 342,580 x 100 = 2,09
¥a0 13,020 1 342,580 x 100 = 3,80
Pv0 74,550 t . 342,580 x 100 = 21,77
n0, 26,490 ' 342,580 x 100 = 7,73
810, 174,290 t 342,580 x 100 = 50,88
B0y 25,750 ¢t 342,580 x 100 = La51

100,00

The above montioned glase oontains oxides of 1dad and Boron and is there-
fore a partially Pritted glazo. A partislly frittod glazo is one in whioh
water soluble salts are converted to an insoluble form by fritting (fusing).
™is fritting process improves the colour, fusibility and maturity of the

flane,

Prom the ompirioal formula of a glagze, it is possible to caloulate the
batoh weight. The following oxplain the dorivation of a batoh composition from
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a simple molecular formula of a blaze of the composition shown herc:

RO

RO R 20 3 ' 5

0,3 K0
0,5 Cal 0,40 1&1203 3,85 810
0,1 Mg0
0,1 Ba0
Calculation:
Foldspar has the formula K20 A1203 6 8102 whioh mcans that for one
equivalent of K.0, one equivalent of alumina and 6 equivalents of silica
would be requireds Thus 0,3 of X

X 20 calls for 0,3 of A1203 and 0,3 x 6 =
1,80 of 8102.

Alumina is supplied by Kaolin with the formulag 1&1203 23:‘.02 2H20. Now
oelculate the amount of Kaolin present in the glaze using the quantity of
alumina left over after A1202 required for the Feldspar has been deducted as
a base, Silica is added as flint or Quartz to make up the Silica content

required in the glaze.

Each molecular equivalent is then multiplied by its respective molacular
weight to give the batch weight. See Table 9 for batch weight calculation,

Calculation of the glazo formula from the molecular formula of the partially

fritted glazes For convenience the formula has been rcpeated hera.

RO R0, RO,
Cal 0,380
K0 0,076 0,260 41,04 24900 810,
Na 0 0,210 0,370 B0,
PbO 0,334

A portion of this glaze is fritted., First of all it is to be decided which
part of the glaze is fritted.

Silice, Alumina and the group RO oombine to form tho base of the insoluble
silicates.

The oxides of sodium, potassium, lead and boron act as fluxes.
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For fritting, the following ruleos oxist and thesc govern the rolstive
amounts of constituents:

1) Ratio of acid : basoe should be botwoen 1 $ 1 and 1 3 3

2) Ratio of alkalies : RO should not excecd 1 3 1

3) Ratio of silica : boric acid should be at thc minimum 2 g 1

4) Alumina should be less than equivalents 0,2

5) All soluble alkalies and boric oxide have to be fritted

6) Oxygon ratio should be between 2 and 6 as calculated by the

quation :' 2 x aquivalent of 8i0

Oxygon ratio 2 = betwecen 2 and 6

RO + (3 x cquivalent of ‘11203)

7) Most of the lead oxide and toxic constitucnts have to be fritted
to avoid danger.

On the basis of these rules we arbitrarily select the following amounts
for fritting:

RO R0, R0

K0 0,076

Na0 0,210 M0, 0,10 510

Cal 0,100 B0, 0,3

b} 1’50

Po0 O,%ég .
]
These valuos give the portion of raw materials that arc not to be fritted
Cal 0,28 - 41,0 0,16 810 1,90

273 2
To be able to caloulate the batch weights of the frit it is necossery to
convert the selected frit formula into a true moleoular formulae. This is done
by summing up the values of the group RO and dividing the rosp. value of the

oxides by this RO sum (in our casec 0.72). o B (Values from &

xzo 0.076 1 0,720 - . 0,10 0.10 rounded up)

Nazo 0,210 & 0,720 = 0.29 0,03

Cal 0.100 0.720 0.14 0.15
Pb0 0.334 0,720 04,46 0.50
111203 0.100 0.720 0.14 0.15
B0 0.370 0.720 0.51 0.50

2“3
» 1,500 04720 2,08 2,10
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The valucs under A (exact vilues) are rcwritton in the form shown bolows

RO ; RQO 3 RO 5

0,10
0,10 A120
0,14 B203
0446
The equivalont woight or combining weight of tho frit is found by multiplying
the equivalents of cach oxide by its rospective moloculor weight nnd ndding
then.

0,14 8i0, 2,08

3 2
0,51

Oxide equivalont Molaculrr woight Combining or oquiv.
A  woight (4 velues)

K20 0.10 9402 9042

Na ) 0429 62,0 17.98

a0 0.14 5641 7.85

Pb0 0,16 223,2 102,67

A1203 C.14 101.9 14.27

3203 0.51 69.6 a 35450

810, 2,08 «x 60.1 - 125,01

Bguiv, weight of tho frit 312.70

The equivalont weights of the frit oaloulatod as given by the column B ares

KQO 0.10 : ‘ '91}32 - 9.40

NaZO 0.30 62,0 - 18,60

Ca0 0.15 5641 - 8.40
Pbo 0,50 223.2 111,60
A1.0 0.15 ©101.9 ' 15.30

2°3
13203 : 0.50 69.6 31,80

810, 2,10 60,1 126,20

8.3 ZIhe fmportanco of fingnoss of wlazos

Olazes oro appliod in the form of water susponsions., The fincness of the
glaze compononts is important with rogard to the formation of suspensions
because the finer the partiolus, the easier it is to suspend them. Genorally,
zinc oxide, zirconium oxide or ziroonium silioato tin oxide, borex, boric acid,
lead oxidos, calcium cnrbonate arc availablo on the market in powder form.
Materials like foldspar, quartz, dolomite are sold in stono form and have to be
ground to powder.
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T™he twe bateh waishits orloul v ted with .xact Pl e nd with
rund figure 4o not shw an rpreetable 1T P ned,

™ batoh woighte of % ¢l 20 hav. nw to b 4 tumined,

™ apount of frit to L. 5t drto the ;laze 6an bu caloulated as
s siaple Matic botwean the forsuiss of the rl.pc v the f'Pid,

Caloulat4 Prit Poml - Glas. Poreala (Original glase
CRE K 9,07 K0 formuls)
0,) M 2,21 W)
G, €9 0,%¥ ¢
86 PO 9,3 PWO
0,1t AL, 0,20 A10,
DN .0, 0,370 B0y
2,00 810, 2,90 840,

™ matio L.tvoun the two formlas is about 0,77 s 1 which nonas that
0,72 of frit srutwelont oould bo put into the glasc thus furmishing the
fellowing suuival mtes

ki 0,0
o 0,2
Cad 0,10
M 0,30
a0, 0,10
PO, 0,370
sio, 1,60

These oquivalont have to bo subtraocted from the oquivalent of tho
wm‘» 51ﬁ3t3|

™he differonco betwoen the ocquivalonts of raw matorials and the frit
oomposition is comploted by ocaloulating ae shown in tadblo 12,
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Tho prinding of thesoc materials is generally donc stage-wiec in
i Jaw crushers
i1 Cone crusher
iii Edze runnor mill
The powdor obteined is then subjectod to fine grinding in a ball mill. The
fineness of hard materials has to be measured and controlled for the following
$wo reasons

a) oconstangy of thc particle sizo distribution for difforont batches
of thc same glazc and constancy of glaze tests, done for compari-

s0n purposus,

b) In ordor to prosorve the above constancy and to set the right
reactions afoot, a definitc finoness of the particles is cssential,

These two points arc important for the entire glazc proparation process and
also for the glass formation step during firing. is a mattor of fact, a glaze
is a wator susponsion of the different glaze componcnts which have to satisfy
certain roquiromonts;

l. All compononts of the glaze have to bc in the same state of fine-
noss as it is only thon possible to attain a constant glaze
density (litre woight) for the samc water contont. . constant
litro weight for tho sams weter content is important for glazos
because the thiocknoss of the glaze layer on the body as well as
its shrinkage is a function of the proportion of water in the
batch formula, :

The sottling time of the glaze suspension should be high, This
high settling timg can only be achieved by increasing the fine-
noss of the particles,

2+ 8urfacc roactions must be consistant and constant for different
batches so that thosc melt at the same tomperaturc or within a
eimilar tomperaturc range.
Burface reactions are phenomena during which an aggregation or
a breakdown of particles takes place under the influence of the
chomical and physical changus of stato. For examplo, a picce of
feldspar, say 100 g. in weight, does not mclt wheroas 100 g. of
powder of the same piece melts. This is due to the fact that
grains offer a lowor resistance to the firing action and start
nelting at a definite temperature. Thosc grains influencc the
noighbouring ones during melting till the whole system turns to
a glossy mass. On the other hand, hcat transmission into a
picoe is on quite differcnt basis and onc obsorves that only the
surfacc melts and an incomplete fusion of the intcrior of the picce
has taken place. It is clear that the greator the fineness of the
particles, the larger is tho surfacc, thus the surface rcactions
are inoreased and melting is casier and complete.

. The finoness of the glaze particles also influcnces the accord between
glaze and body. The finer the partiocles, the lower is the tendency to crazing
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dofocts, The ability of the glazed surface to roflect light is also influenced
by the particlo fincness., 3By increasing the surface area per unit weight of
certain glaze compenent and certcin glazes, the ability to roflect light is

decreased.

The fineness is thorcfore of éonsidersble importance in glase preparation
and it is an absolutc nocessity to check the finoness and particle size distri-

bution of the glazo and its components,

8.4. The gleze grogerfios and their tosts

One of the oharacteristicy that a glazo must have is its adaptability to
the body on which it is applied.

Adhorence between glaze and Lody is necessary to keep them bound to one
another till the firing process increases the adhcrence necded to transform
body and glaze into onc inseparable picce. This property is called accord
between glaze and body and to get the best accord, able to resist the strosses
and shocks which a glazed article is subjected to during its usc.

Physical and chemical phenomena and reactions both for the glazes and
bodies, have tc be takon into acocount in order to understand them and their
behavioqr durinz different stages the article undorgoes in the process of manu-
facture. Spocial consideration has thorefore to be given to the raw materials
to be used in glaze as well as in body preparationj thoir quality and purity
have to bo known and the required troatment has to be determined to be able to

get the best results,

In order that a glaze be suitable and good, it must have the following
oharacteristiost
a) or to lication on the :
1. Should bc well ground and conform to the required specifications,
2. Must bte homogenous,
3. Must have the specifiod density,
4. Must hove the specified viscosity.

b) On the erticles and befors firing:

Sufficient adherence tc tho surface of the body to cnable easy
handling in the factory without damaging the glazed surface.
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o) on the findahed produgt!

le & porfu~t nccord with the body.

2+ 3mooth clonn surfaco, froe from dirt and apots,
3. 4 definite dosired fusibility,

4. L covorins ability,

5. Bwvon thicknoas,

Thoso proportios can be obtnined hy following th: "rocuse apecific-tions
exactly and following this up with propor tostin: and contmol,

In glage praoparation, ;rinding is donc by monns of thu Jaw Crushor, Bdwn
Runner Mill and Ball Mill, Tho usc of machinos likc the Jaw Orusher nd Sdie
Runnor Mill is relativcly simplo. The Ball Mill roquir.s groator attemtion
bacause efficioncy of grinding and tho sisc of the particles depend on its
proper usa,

The finor tho Foldaspar and Quartz perticlos, the _roator is thoir ruaction
surfaoe and theroforc tho glasc batch will bo more uniform and during firing,
naturation is quickoer and complotes Tho finences of hard maturial particlos has
to be fixed Ly appropriate trials,

Considoration has to be given to the fact that very finu particlos of the
hard materials afi‘oct the thermal cxpansion of the lazc for the sane firing
cycle and tomporature. Ong cffective raemody for crazing is a finor grinding
of the glazo or of the hard matorial (quartsz).

Fineness has to bo checked carefully onco it is fixod. There are difforant
methods of checking finencas. Comparativa numbers help to coatrol and maintain
the required finences within limits,

Lftor propor grinding, a glazo suspension is prepared and tiis ia thun
carcfully scorcened to the specified finonoss.

Magnetic separation is also nocessary to ramove motallic particles whioh
cause coloured spots, pin holes, and interruptud rlaso surfrce, The glase suse
pension density is thon adjustud to the specifications,

Litre woight: The litro woight of n glaze batoh is important beonuso it effucts
the sticking ability, tho thic'mcss, shrinkago as wall ns tho homogeuity of the
glaze. On considering the fact that oach typo of hody roquires n dofinite glase
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layor thicknoss, it ies obvious that n carcful control of the layer thickness is
esscntirl, The thicknect can only be maintnined constant by keoping a fixoed
litre wcirht ~nd by applying: the zlazc uniformly.

Inothor point that roquircs consideration in conncotion with glazo dcnsity
is that the ;lago should ronmain a stuble susponsion. This is only possible
whon a cortain density is roachod. .4ny deviations from this donsity cause tho
hoavier perticles to sottle, thus offecting tho homogonity.

Whon o glnze is too light (i.c, too fluid) it has the tondency to flow
off the body, The ~mount of gloze adhoring; to the body is proportional to the
quantity of wotor presont in the zlaze batoh,

The amount of watur nbsorbed by the body and that ovaporated both influ-
onoo the wot to dry shrinkage of the gzlazce When the shrinkage is too high,
oracking tokes place which cannot be removed oven under melting action,

Yiagssityt Tho viscosity of n glaze suspension is an important property and
is usod to oontrol and maintain the spreading of the glaze in tho raw state
over the surfncc of the piocce within the required limit. A zlaze which is too
flaid runs out over the cdpes of the picce leaving uncovered patches and will
aocumulato in the corners or at the bottom of the article.s Fluidity is par-
tially relatod to the litre woight of the glaze and can be adjusted by adding
a floculant or n defloculant as the caso may roquire. The viscosity of a
glase is of importance to the maturing period during firing, Tho viscosity is
inoroased or dooroasod deponding upon the rlaze composition., Glazes with
8ilica and Potcasium ns componcnts are moro viscous than glazes with Silica
and Sodium. 4 viscous glaze flows more ovenly durins melting,

Adhseronggt is tho property of a zlazc to romain attached to the body for a
relative poriod of timo., Tho adhcronce can be increased by the addition of
organio adhosivos, Sometimos adhorenoc is improved by floculating matorials.
Thesc nronts incrensc the tondency of tho glaze particlos to come closer to one
anothor, The addition of adhosives roquires spocial attention to avoid such
dofoots like gpawling on the glazod surface oaused by using oxcossive or insuf-
fioiont amounts of the adhosive. “
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The thickness of the glaze layer is maintained constant by observing the
followings

By maintaining a fixcd and constant litre weight and wiscosity of
the zlaze susnension.

By adding the right amount of adhoesive,

Applying the rigzht preasurc when using a spray zun for the slazo
application,

Right time of immorsion whon dipping.

By maintcining the porosity of the articles to be plazod constant,
There are no fix:d rules for establishing the quantitics or values for the
points mentioned atuve. Thesc can only be dotorminod by a proosdure of trial

and crror,

The ability of o zlaze to covert This proporty varies with the type of the

flaze. If only the colour of the body has to be covered up, it is sufficient
to apply an opaque glaza., If in addition also the asporitics of thoe body have
to be coveraed, then an opaque glaze would have to bo uscd and the laysr thick-

neas must be increasaed.

In some articles the roushness of the article surfaco is considerable to
be covered casily by a layer of glaze of rcasonable thickness. The rlaze
layor would have to be veory thick in order to cover up such roushness with con-
sequent bad rosults. In such cnses, for oxanple fireclay bodies with considor-
able grit oontent, an engobl or covering poroclain has to be appliude. The

7lazo is then applicd to sover the angobo,

_Fllg_gﬁ‘l_i_u: The temporature sange within which a zlaze attains maturity varies
from glage to 7laze. A48 a nattor of fact thcrs is only one tomperature at

viiich a glaze matures best, Thore aro also difforent zlaze compositions for

the 3ame tomperaturc but on closor examination ona obscrves that cach of these

have a definite maturing period and maturing point.

The Seger cona firing temporature control is the most cffcotive method, In
order to maky comparativo tests betwoen different firings, the temperature in-
orements have to be constant. For oxamplc, a oonc which is subjected to a
firing oycle with an increment of 30°C per hour will melt or fall later than the
same cone whon subjected to a cysle with 60°C/hour increments. For comparison
purposcs and to maintain a constancy of results it is important to usc only ono

type of cone. Whon it is necessary to change cones, it is cssential to compare
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the two or morc concs by firing all of them together and noting their compara-
tive bohaviour. 4 change of conc has to bo brought to the notioe of the
operators in charge of the firing so that they can acquaint themselves with the

new concs,

Smoothness of the slazed surface: The smoothness of tlic surfrce deponds on the
oomposition of the glazc, on ths soloction of the risht firing temporature and

on the evenncess with which it is applied.

The glaze departmont shovld be lept clean. Unncocssery hendling of the
glazed article should be avoided and operators should keep thoir hands olean.
The loading of the articlos to the kilns should be done with care to avoid dust
and dirt falling on io the glazed articles. Dirt should be removed by brushing
or vacuum cleancrs and not by hlowins air or by pressurized air blowers unless

some device is used later to clecan by suction,

Locord betwoen body and glazet A good accord can be obtainaed by proper calcula~-

tion, right proparation ard application of the glaze. To be able to calculate
the composition of tho glaze, both the charactoristios of the glaze oompononts
and body choracteristicc must bo known, In glaze caloulations one distinguishes

botween glazos for Vitreous bodiecs and those for porous bodies,

Vitrified bodiest From the molecular formula of thesc bodies one can calculato
the ratio of Silica to Llumina and from this ratio it is possible to indicate
whether or not cortain glazes asgrce with the body. In the case of vitrifioed
bodies it is possible to calculate the coefficient of thermal cxpansion with a
greater surity and to comparc it with that of the glazc, From this it is possible

to say whether compression oy tonsion will build up after firing.

Porous bodiest From tho molceccular formula alone one could derive some informa~
tion but this is by no means sufficient tc allow tho forcoasting of a proper
glaze. For tho purposc of finding out the acoord botweon body and glaze, vari-
ous empirical systcms h~ve been developed like the ring system (Chapter 8.,8.1)
or the autoolave test. Thermal cvxpansion testing apparntus miving very accurate

expansion curves as well as rolative and absolute coofficionts of oxpansion

e G R 2 Ao et i

have also beon dssigned and duvelopods Such apparatus could be used to measure

and compare tha oxpansion of body and lnzoc.
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The raw matorials for glazos can be classified on the basis of their

chemical formula as follows.

l. Raw matorials supplyingz basic oxides.

and B0, to form glneses.
2+ Matorials supplying A1203

3. Matorials supplying SiO? - B

4. Opacifiars
5« Crystclizers
6. Colouring agents.

203

Raw meteriale supplying basic oxidoss

© a) Na,0 (Sodium Oxide)
Borax crystals

NazB 407

Na.2CC>3
Na2003

NaN (J3

Borax anydrous
Sodium Carbonate
Sodium Carbonate
Sodium Nitrate

Feldspar, Sodium Albite Na20 A120

b) For K0 (Potassium oxida)

NFI.ZB 407 .

These flux with 8102

10H,0

10

1120

Solublo in water

6 8102

Potassium Carbonate 1(2(203
Potossium Nitroto . KNO, . Soluble in wator
Potassium Foldspar 1(20.&12,03 .8:1.02

Wator solublc salts havo to bo frittod to convert thom into insoluble

compounds.,
arce not soluble in water.
evolve gases during decomposition,

Fritting is the melting of glaze ocompononts to form glosses which
Fritting is also nocessary to convert szlts which
These salts arc converted to stabilized

compounds, thus avoiding ovolution of masos during the maturing of the glage.
The following oxamples show the rcactions that tako place during fritting.

HazB 407 Na.zO
Na20 03 Na20
Na!io3 Na20
K200 3 K20
KNO K.0

3 2

+
+

+

2320 3

co 5

N02

co

2
noa
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Lilkaline Barth Cxides_nre introduccd into a slazc by addings

Caleium Cerbonrtes CACO,, This decomposces to ~ive CnC o~né CO

3
Barium Carhonnte sives Bariwr Cxidc and Carbon Dioxide
Ba.CO3 ool + CO?
Lead Oxidc (PbO) i sunpli.d ny onc of those conmounds.

PbO litharoge Pb0, rod lead 2 PHCO, Pb(0i), white Joad.
- r.

The oxides of lead are 1divo vt asd thoir use is deorsasing in oommeroial

2

Tlazes,

Boric Oxide is supplicd by onc of the followins compoundg:

NazB 107 Lnydrous Borax E:I“.?B 10,!, 10H,,0 Borax Crystals H2B03 Boric ficid

Silica (8102) ig intcoduced ns3 Foldspar, Quartz or Flint, China Clay and clays.

Zinc Oxide (Zn0) is ~onurally fownd ag such in commurco.

Alumina (A1203) is supplied by Poldspar (1(20 or Na-,QO :;1203.,6Si02) and China

r 4 NIT ¢
clay (“120 2810, LLQJ)

3

Tin Oxide¢ Sn0, is found as such,

Zirconium silicatec (Zr3i0 /,) gives Zrd, and 810, on decomposition.
Zr02 Zirconia iz also found 28 sush.

Ca.lT‘2 is also a supplier of Cn0 whon introduced as Foldspar minaral.

8.6. Grinding characteristicg of glaze raw materials

The resistarce a material offers to a crushing force is a function of the
following propertiaesn:

a) Hardness of “he majeria’. The values of hardness of some materials
are listed melow

Quaztz 7 (Mohe Scale
Pelaspar 6 (» »
Porcelain grit 8
T Rarthwave grit 6-7
b) Tenacity of the material. This property depends on the compact-

n3ss of the maierial. The higher the density the greater is the
poewer consunption 4¢ srush the material.

o) Elasticity of *the material. This is the tendenoy of a material
to assume its origiucl shape under the action of the forces of
deforuation, ‘

Another factor tc he considerad is the condition of the material to be ground.

1) The moisture content of the material to be crushed should be kept low
vhen using 2dge runner nills or crushing mills to avoid the formetion
of a plastic mass. This does 20t apply to Ball mills.
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2) Factors of considerable importance are the 3ize of the material
to be orushed and also the required size of the crushed product,
Crushing and grinding machines are not all capable of handling
different material sizes and producing the required particle size
and particle shape.

To produce a definite particle shape, a particular grinder has to be selected,
Various shapes can also be produced by a proper regulation of the machine. In
the ceramic inaustry particles of different shapes are required for differont
purposes, IV is thereforc essontial to meke the right selection of size reduc-
tion machinerv,

The mechines requi:ud for the crushing and grinding of glazes and glaze
raw material wure the same as thoze required for the preparation of hard
matorials (see chapier 4.2),

8.7 Olaze preparation

In the Ceranic industry glezes are as important as bodies themselves.
Their use in most of the ceramic factoriss, is more and more extended and complex
glazes are briaging a new touch of brilliancy and beauty to articles. The
introduoction of a new glaze which corresponds to the requirements and at the
same time gives uesthotioc appearance, resistance and durability to the article
is a great achiev-ment for a ceramio technician.

Glazes have to possess the following characteristios in order to serve the
purpose ol their applirzu':ior:..

1. Ingolubiiity in wator

2, Resistance o attack hy acids and alkalis

3+ Resistance to soratching

4. Should not abscrb liquids

5e Resistance Vo pecling and orazing
6. Suitability for decorative work
Te Fusibility at predetermined tomperatures

8. Smoothness of surface

Glazes are prectically glasses which may or may not be transparent and oen
have different colours. (lass makers almost alvways entor into the manufacture
of glazes, Elements like Silica, Boron, Phosphorous, Arsenic, Germanium and a
fow othore form glasscs. These elements are linked with oxygen atoms and octher
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Both glasses and glases
The more ocommon

components to form a glass of a definite struoture.
contain other elomonts called stabilizer or modifier slements,

gtabilizers ares

Sodium Na
Potassium

Mognaesium

Barium

Aluminium

Lithium
Beryllium
Calocium
Strontium
Titanium
Zirconium

Li
Be
Ca
gr
™
2r

K
Mg
Ba
Lead Pb
Al
Zinc Zn Tin 8n
Beoh of these elements have different chemical and physical characteristios and
when present in a glaze thay offect its characteristios, for example hardness
etc, The composition of a glaze is normally expressed a8 a molecular formulaj
this expresses the molacular fraction of the oxides present in a glage. The

molecular formula is expressed ass Basioc Oxides - Amphoteric Oxidos - Aoidio

Oxides. PFrom this molecular formula it is possible to caloulate a batoh ocom=-
position, but the results obtained are not exact because different materials

can be used in a glaze to produce, more or less similar characteristios,

The following give a classification of some of the available oxidess
Basic oxides aret
Potassium oxide K. O

2
Na O

Sodium oxide 5
Calcium oxide Ca0
Load Oxide PBO
Zinc oxide Zn0
Magnesium oxide Mg0
Barium oxide Bal

Amphotorio oxidet
Aluminium oxide

o oxi
8ilica oxide
Zirconium oxide
Tin oxide
Titanium oxide
Boron oxide
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(Glases with high melting points have only B8ilica as an acidio oxide, but
glases with lower melting points have along with 8ilica also B,)O3 as an acidic
oxide,

Like most of thc other ceramio mixtures glase onn also be preparced by make
ing a compromise between differont factors.

By giving due regard to the rulos of glase formation, one oan get good
results and at the same time the glaso is easily adaptablc to tho body to which
it is to be appliod. Glazes could be classified s followsi

Olages containing lead

Leadloss glazos

Majolioa glazos for temperctures betwean 900°C and 1oso°c

Barthonware glazes for tamperatures between 1000°¢ and 1150°O

Sanitary ware glazes for tomperaturcs botween 1200°C and 12500

Porcelain glagses for temperatures of 1}OO°C and above

Matt glazos

Semi-matt glaszes, aatin glases, opaque glases.

Raw mateorials used for glase proparation have to be of tho bost quality,
must possess dofinite characteristics and have a minimum of impurities. All
tho compononts that go into u glase have to be chamiocally analysed to determine
their oxides content as also the ratios of these oxidos to ono anothor as these

values are required for the purpose of glaze batch caloulation,

A suitable laboratory should always be an integral part of a coramioc plant
and should be oquipped with apparatus to carry out tostu detailed below:

Finenocss tests

Hydrometrio and sieving toets

Firing tests to cstablish the colour after firing

8hrinkage test

Thermal shook resistancoe test

Coofficiont of thermal expansion

Specifio gravity and litre weight

Viscosity

Glaze layoer thickness determination
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Tho laboratory should nlso o vquipped with apparatus to ocarry out chemical

analysia,

Chomicnl analysis aould include Lhe d>termination ofs
Ircu Potaassiun
Titanium 3odium
Calcium Siliea
Magneei-ua Lluming
Imition logcae of raw mnteriols ~a feldspury quarts, grit, china olay and
clays.

The chomical labupntory would =leo be pequirad to detormine the purity of
She following maturinl 'nd othire 10t incluncd in this liets
Colriam srrbonsty Barium niteato
Zinc oxide Load oxide
Tin oxide Ziroonium siliocate
Cobtalt sulphate

Baaioal $as et

a) Minoness tocts

Proocdures 100 graow of the clay materinl is suspondod in water,
Tho particlon muet bo well dispersed to allow thea to pass Shrough
the siove. This yusponcion ie prescd through 1 140 mush mm.e
The ovor-size i.o. the rosiduc 1oft an the sieve is dried at 110°0C
and woihod,

It {g ndvisobic to ux'nine .0 orer-sisc particlos in order to
proscribe the right sicve to cliainate the aroatir port of overw
siso particlos during the proparation proocces,

The finenerr could rlen bo duotoriited oy <iove annlysis but this
method givos wupproximat rosults vhich o ot suitable for exact
compurison purpou..

The finenoss of ground mcturials should he slvays dutomined Yy
reliablo mothods. £ "unbor of mothods are available to dotor-

mine *tho fincacss bat for peastica; work the Kootgen~Haltun meothod
ls suggustody this ie tacec on th: rate of fall of partiolos shrough
a liquid,

Hydrometri t -at;

This is ~ rapid :nd practicnl nethod to dotemmine tho grain eise.
The liquiu contnining th. finc narticles in suspunsion is placed
in a graduatyd oylindor nnd hydromator is plooed in this liquid,
As the particlos sottle tho ieneity of the suspension desreases
and ag 1 rosult the hydromotce: sinks decpers The hydromoter
should ba amall to avoid arrors duc to its volume and also due to
the dovolomment of duposits o1 its surfnce. By reading the
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positions of the hydrometer on the graduations of the cylinder a
curve is plotted and by applying the following equation erain
gize composition is found:

100 ( H- X ) 3.100
W(s-1)

Per~entage of material =

H = Uydromecter rezding

W= 3pecific gravity of material

8 = Specific gravity of powder

X = Factor haged on the defloculant added

Shrinkage teet: The shrinkage of clays and china clays can be determined by
preparing a water suspension and casting this slip with a definite litre weight
and viscosity in a mould. When the tile is taken out of the mould it is marked
as shown in Fig, T Appendix., The test method is also applicable to bodies,

This tile on drying shrinks and the lengths marked on it horome shorter,
The difference between the initial length and the length after drying gives
the shrinkage. This can be reported as a percentage and is callod the wet-dry
shrinkage.

The tile is now fired and it shrinks further due to the change of state,
The decrease in distance between the two points after drying and after firing
gives the shrinkage from dry - fired estate.

The sam total of theese two shrinkages is the total ghrinkage.

Examplet Let us assume thet the distance betweon the twe puints A and B
soon after moulding is 10 om, after drying 0.4 om and after firing is 9.2 om.
The wot to dry shrinkage iss

10 - 944 =« 0.6 o OF 0,6 x 10 = 6 %

and the totnl shrinkage i:

10 - 3,2 « 0.8 or V.8 x10 a8 ¢

The dry to fired shrinkege 18 8 - ¢ « 2 ¥

This test gives the linear shrinkag. of the body,

Yalimairic ahrinkass:

The volumetric shrinkage is found by immersion of the test piece in Kero-
sene and noting the displaced volume, Immerwions oarriod out in the dry and
fired states give the difference in volumes in these two states and in reported
a8 a volumetrio shrinkage,
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Examplos Let us assume that the volume of the pisce in the wet state

3 3

is 5 om™ and after drying 4.9 cm

Volumetric shrinkags wet to dry state:
~5_4.9=o.1cm3x20.2%

3 then the volumetrio

If the volume measured nftor firing is 4.75 om
shrinkage from wet to fired or totzl volumetric shrinkage is
5= 45 =0,25x20 =5%
The volumetric shrinkage from dry to fired stats is
S5h-2%=3%

Thormal shoock rosistances

The test i3 carried out on finiched products to find out thaoir roe
sistance to crazing. The picces to be tasted or immersed in water
sontninings 107 ¢-1.iw chloride and xept boiling for 1 hour. These
hot picces nre then plunged into cold water and kept there till

thay arc cooled. The piaces are then oxamined for any cragzing
cracks, If no defects are detected the test im ropoatod another five
timos,

Seacilic fravity

The detoermination of thae specific gravity of raw materials is of great
importance as it is one way to tust tho purity of tho materials. Tho spooific
gravity is genaorallr detormined with tho help of a spocific gravity bottle or
A pyonometers, A doviation of the specific gravity from the actual value is a
definite indication of impuritive. 8pecific gravitive of some raw material for
glases arc listod below.

Bic, 2465 (quarts) Pb,0, 9.80
A0 3,96 Mn0 5.40
mmj F PYO Je 40
20 5478 Cu0 6440
6,60 (nmorphous) 3 4
6,75 (orystnlline) Mﬂj 6.43

The coafrioiont of linear uxpansion e the increase in length per unit
length by an incroase of tumporeture of 1° nantigrade, This increase is a
funotion of tho inorease in tampernture and doee reflant the changes of stat.
of coramic matorials. When thuse chengus arc known, thay pemit tho proper
seloction of the bost possidlo glrme for bodies and also enable the tochnioian
to take proper stops during firing, The coeffiociont of thermal expansion is
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detormined with the help of special apparatus. T[he spocimons arc fired in A
kiln within definite tomperature ranges and the coofficiont of tharmmal expane
sion is measured. This test is also usuvd to dotermine the changes in size of
raw bodies and clays in order to estimate thc amount of froc gilica in clays

and the degroee of calcination of fling,

80801

The "Ring Method™ is onc of the simplest ways of dctermining whethor a
glaze ie in tonsion or compression on -~ ocoramio body. The importance of the
tost is all tho more omphasized by the noed to know the tondency of a glase to
"orazing®™ or "pooling",

The study of accord betwoen a coramic hody and ite glaze is done with the
following fundamental purposcss
a) Aocord botwoen body and glase after firing

b) Acoord botween body and glage for an indefinitc period of
timo

o) Resistance of tho body and glaze to thermal shocks.

On cooling a glazed piace onc of the following two nonditions could .be
mot withs

1. The ratio of tho thommal coofficiont of the body (B) to glazo () is
groator than unity i.e. 2 > 1. This moans thet the body contracts
more than its glasa, 'P‘h?s calls for 1 condition in which the glase
rosists tho contraction of the body and has a tondency to pucl off,
This phonomonon i{s called "Pualing”.

ii. The ratio of tho thermal crafficint of the budy to tho glazo

is less than wnity i,0. g < 1. (n this case the glazs contracts

more than the body., Thus the glasc itoolf will be sub jeotud to

tonsile foroes and when cortain limits are oxcooded tiny oracks

appoar on tho rlaze surfaco., Thic phonomenon is oalled Ropazing®,

Peoling and orasing are the most common dafonts in alasod curamic articleas,
Only whon tho thermal oxpansion of tho glaze nnd tho body havoe oqual valuea oan
an ideal accord uxist betweon tho two, i.¢, when the ratio § - 1,

During firing the body and glaze Lahave quito difforently, It has bean
obsorved that for tho samo coeffioiont of thormal expansion tho oxpansion surve
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of a curamic body has a difforont inclination as that of the glaze. The silica
present in the body plays an important rolu. In the temperature range of

200°
changes arc not followed by the glaze, tonsilc forces are developed ocausing

C - 57500 gudden variations in cxpansion 1ro caused by silica. When these

fissures in the article,.

Bpocially in porous ceramic articlas cracks in the body or crazing in its
glagc is obsorved after the lapse of a cortain period of time. Such a defcot
could be causad by tcneion betwoen body and glaze; thermal shocks or Jerks
accclorate svch defacts, Anothor renson for this dofeet could be the hydra-
tion of alumin~ present in the body, which leads to an increasc in volume and

8 a rasult the glaz: i3 subjectod to teneile forces. To countor balance such

fore:r it is necosoary to maintain the ratio 3 slightly greator than unity i.e.

§> le¢ This mcans that in such a case, thc glaze should have a slight peel-

ing tendonoy,

The "Ring Mcthod® has no protontions to be a sciontifie way of measuring
craging. But it is of great holp to coeramists in adjusting the accord, It is
a very simple tost and oan be used for tosting the accord of all types of
glazad articlos,

Taat acoguduse
Two rings of the dimension shown in Fig., IIa and IIb Appondix are preparod
by onating,
Ring dimonsionst Innor diamotcr e 1443 om
Outer diamotor = 15,0 om
Height of ring = 2,5 om

Theso rings aro proparcd from tho 8lip dbatoh undor teat which is poured
into tho gypeum mould shown in Fig, Ilc Appondix., The ring is removed ocare-
fully from the mould, driud nnd polished lightly with finc sand paper. Before
glasing, the rings are moistoned with n soft sponge,

The glase is appliud with a2 soft brush and one of tho rings is glased only
on the outer sidos whorons thy othor is glazod only on the inside surfaco,
The glase has to bo uniformly distributud on the ring surfaca and blurs or
drops should be oarcfully romoved.
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Attontion ir doawn to the fuct thaé in the case of articlos which are bige
cuited bofore gloze application the ring test is also to be aarried out on a

bisocuited ring.

After firing the rings with o plaze layor, two holes ore cut in cach of
the rings at a distance of about 3 om (sen #ig. ITI Appondix) and screws fixed
firmly into thesc. The disialce bebween the surews i mecsured and the rings
are both cut betwecen the scrows using a cutting wh2el. The rihgs are now
supported as shown in Fig. V Appondix and the cistnce betweon the ascrows

again nmeasurad,

The diffaronce between tle first and second raading gives a moeasure of

the tonsion or compression ¢i the glaze on the body.

The following illustrotes prasticnd conditionas  (sue Fige LIT Appendix) .

1. Ring glazcd exteovrnnllys opens up X mn
Ring glazed intcrnallys clos 28 X omm

Inferences the rlaze hns a tondenoy to controct more as compared
to tho body. It is thorefore likely to show crazing defects. The
glaze is ir tcnsion on the body,

2. Rirg glazed cxiternallys closas X mn
Ring glazed internally: opuns up ¥ mm
Inforerce;  the glaz: hes a tondeacy to cxpand mors than the hody.
The glaze is thus in compresginn on the body and tends to "peol
off™. .

The tonsion or com na~seica of slazes nrs cxpresscd in millimeturs of
opening and/or closing of thecse rinps. The results nre only comparative nnd
do not oxpress absolutc valucs, With ~ little axpericnee the adjusting of the
ncoord with thc help of this mothod i rot disficulb.

To. pvold opaging, the slage hog to hate - slisht comprogaien valug. In fact
thic ccmprossion value when it is proporly acvlected, componsatos tho ovontual
tondency of crasing couascd by tae hydration o nlumina. This value of compros—
sion of a glege monsurod by the Ping syesem has to boe determined by a procoas
of trial and errov. In gonural 0,8 - 1.5 mn is found to he suitablo for "onea
fired™ bodios and glazos (i.o. vitreous chinn, *ype of sanitary wara).

A slight differenco botwaon the roadings of the exturially and intornally
glazod ring ic genorally notod ovon though the plaze layer thicknoss and all
dimensions of $he rinir are uxactly the samd. This is duo to tho difforence in
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surfoce aroa of the inner ond outsides of thc ring. The oxtornal area is
greator and the amount of glazo required to cover it too with the result that

the forces of tonsion or compression are also groator. Thie cxplains the dis-

orepancy.,

Liaual teatink of Craziig and Posaing: This method is gonorally used togother

with the ring method. A visual examination of a place thet has been subjeoted
$0 an impanot could in inany casos give an idea of tho accord botwoaen glase and

body.

Procaduret

A flat tile is glazed and fired, It is then placod as shown in
Fig. IV Appondix under a shrrp pointod iron rod, the point of
which is 30-40 om nbove the tilo. This distanco should always be
kapt constant. The rod is ~llowcd to fall on the test plocc per-
pondicularly so that the pointed ¢nd makos an impaot. The woight
of the rod is zenernlly 300 3.

The impaoct of thc point cracks the glage and loaves a mark on it.
Tho tile is now moistoncd with diluted ink. On wiping away the
ink, onc is able to soe thc orack and lines cloaror, The longth
of thosoc linos around tho impaet mark and also thoir number gives
an iden whethor tho glaze has orazing dofects or not,

In case the glaszc pecls off, tho indication is that the accord
botween glaze and body i3 likoly t2 be corruct, If tho glaco as
wall os a part of the body psels off thon it is likely that tho
body is undor grent comprossion.

This ompirical mcthod is gonorally usod to give a rough idoa of
the glazo-body accord,
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9. 0 D iV Ryt

Glaze defects are nunerous and it is often the cace that one defect

is mistaken for others that appear quite similar. For this reason it is
always advisable to moke a thoroush cnquiry and o proper examination of a
defect when it appears. Generally thes2 defects appear after a normal

and, at times, flawless production course,

In order to examine a defect mors thoroughly it is generally advisable
to examine the piece in bright light, The light should fall on the ;luzed
surface and should be reflectad. If the nrticle is held at the propor angle,
the examination bocomes much more <nsy. A mognifying glass or a lense is

of considerable help.

‘The most important problc: for a Ceramist irs to et at the cause of a
defect and sometimce this task is o very difficult one. Often there are
defects which appear suddenly and agnin disappear of their own accord.
Generally these defects are the most troublesome and one should keep on
investigating these partiocular typee of defect: cven though thcy have
disappearad.

The various types of defects found on glazed surfaces are:

;&;g Cut Olaze lzbg Knockaed Olaze
a) Crawling 2(b) S8hrinking

3. Spitting out

4(a) Pin holes 4(v) Dimplos

5 Bgr shell

6. Blisters in the glaze
T. Bubbles

8. Spalling

Fe Rough edges and rims
10, Running of the glaze
11, Absorption hy the body
12. Mat spots

13. Cracks

15. Decolouration

16. Changes in ocolour

17, Spots
18. Salts efflorasconoes
19. Undulated glaze

20, Ovarglasing and its dofeots
21, Specking
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Before entoering into 1 discussion of defects it is necessary to
draw the attention of the reader to the ways and mcthods of recognizing
glazed dafects., Too often tochnicians take only 2 superficial look at
a defective picce and priuscribz a romedy that may not be the cxact one.
Some of the glaze flaws arc 2 real problem for 2 factory and their
solution can only bc achicved Yy very decp study followed by an accuratce
analysis of the entire manufacturing proccss. It is generally advisable
to organize tcchnical st-.0f wmcectings to discuss and analyse the defcets
that occur in daily production =2nd to decidec and discuss th. steps to
be takcen to remod;y thon,

l(l) Cut Gloze. This dcfeet is cencrally due to the laver of glazo
being too thin. In carthonwore this dofeet appears when thoe porosity is
low. The glaz. dous not romain in sufficicnt quantitices on the article
whether it is sprayed or thoe article is dipped into it. Dust, dirt,
greasc, fingoer marks, oil and water provent thoe glaze from sticking on
properly. Solublc salts accumulate and form = film over the article

surfacc so that tho :laze cannot stick on.

Remedy Articles to be glazed should bo kopt ~o clean as possible.
0il drons gencrally come from the filtor of thc spraying deviece. It is
therefore necessary to clcan the filter frequently. Soluble salts can
be detected by chemical analysis and such £1lts can be avoided by making
use of water free from salts. If such salte arc prosent in olays or
glaze raw materials, it is ncezssary to noutralize these by adding Barium
Carbonate in thc proescncce of sulphatus., Whon the biscuited article is
over-firad and its porosity is low.r than that roquired, it is good
practice to use 2 glaze of 2 higher litre weight. For biscuited
carthenwarc glazed vy dipping it is nceessary to dip these into two
glage batchcs of differont densitics. A alaze of highor density should
be used for over-fircd picoes and o gl-wze of lower donsity for articles

of normal porosity.

1(v) ockud Glaze. The causc of this kind of dcfuet could be

improper handling nd stacking of the articlos. Very oftun piccos already

glazed arc sct onc over the othuer before buing scmt to the kiln,



1D/ %, 20/17
F’Lg’\} Pt

Remedy. It is wdvisced to set up prop.r shelves rother than sotack
picces. To improve the strength of the glaze it iz sometimes nccossary
to add binders like gum or derivatives of collulosc, Addition of
carboxymethylcellﬁlose is rccommended for glazes for wall tiles and

tablewarc.

2. Crawling. The factors causing crowling orc many.

(a) Over-grinding of the glazet When o glase is over-ground it becomes

very viscoue after mclting. The forces of surface tension are greater than
those of adhesion and this causcs the glaze to accumulate into heaps.

Practically the glaze shrinks too much and its forcc of adhesion is lowored,

Remedy. The glaze should be ground to o lesscer cxtent and = small

amount of adhcsive should be added,

(b) Low Plasticity: Whon the glaze is not sufficicntly plastic it shrinks
at a lower rate and thus detaches itself from the body. This applies more

likely to raw glazes. .

Remedy. Add China Glay or replacc 2 part of it with 1 morc plastic
clay. On making such nwreplacement care should bc taken g0 as not to alter
the fusibility of the glaze.

(¢) Matorials of low densitys Glazes osuld contnin 2 large proportion of
materials that have a low density, i.¢. o higher volume per unit weisht.
Such matorials are Magncsium Carbonatc, Alumina Hydratc, Tale, Lime, Zinc
Oxide, Tin Oxide.

Remedy. Thesc components should be fritted but as it is not always
possiblo to frit a glaze without altering ite characteristics, it is thorcefore
advisablc to calculate the glazec beforchand and introducc only matcrials of a
low volume, A good result is obtained by using calcincd 2lumina, magnusitce,
dolomite and calcined zinc oxidc. A hecavicr tin oxidc and Calcium Feldspar
could also be used to replacc somc of thesc low density componcnts. Addition

of adhesives and less grinding is also helpful.

(d) Too thick layor of glazes 'When the glaze layer is too thick its melting
is irregular and its adhesion forces arc low. During thc loss of chemically
or superficially combined water the glaze becomcs dusty. In addition n glaze

layer of highor thickness has a tondency to crack during drying, thus causing




Tuftitect ) e
Prygre 112

crawling. 1.lting doce ant t-k. pl.cc througnout th: rluz: layer

d:pth sind 1Y sepoent e it 1 from the Lady.

Remedy. Ko p the thicknoen of the lize lovir within the prescribed
limits. This cor b done by odjuatinge the litro weight of the glaze bateh

and by scleeting the bigruited wrticle of tho rirht porosity,

() Raw matorials absort too much witcrs  The roason for this could k¢ that

~n  xcescive amount of sdhesive is prosont which ritains too much water,

thus cnabling the discolution of come conctitu-mts, During the loss of
water in the proces of drying, “hc glaz. shrinks quicker than the body and .
detaches itoclf and ernwle,

Romedy.  h: conctitusnts which rogquire cxeoseive quantitics of water
and aloo diesivoe should oo r tuceds  the pi=valuc off the glaze should be
checked and mvintained ot its optimum valuc.

(f) Too fast pro-heatinzs Pre-heating at too quick a rate can also cause
crawling. Tho r.ason for this is that the chemicnl and superficially combined

wator is remov.d too rquickly, The defect is .mphuasizod when the ware is
loadcd into the kilp when not perfectly dry.  "hoen the quantity of water
prosent is too groat it is converted to steam during the pre-heating process
and thig st.:nm acewaulst s 2nd condencos on the war.e so that the glazo

creeps,

Remedy.  1In this cnwe one should dry the articl. sufficiintly before
loading it into the kilns. Proper outlets should Lo made on the roof of
the kiln to allow tl.. cseape of vapours., Pro-heating curves should be
ad justed to aveid - too hirh pre-hoenting rete.  Also, ono should mnke proper
arrangements to cnsurc o good driving: off o7 v-pours nd fumes. It should
be notod that 2 kiln is the worst dryor. Sufficicent circuletion of the air
in the kiln must be provided for, Pi.cca which are glazed on both sides
aro likely to dry =t - slow.r r.t. duc to the great amount of w-ter they

abaorb. A proper drying timc lor such articlcs should also be provided for.

(&) Fucl Humiditys 9ot fucl produces unneccssary extri steam and could
accolerate erwling,

Remedye  The fuol should be supplicd to the firing zone sufficiontly
dry. This can be done by introducing ~ drying system and also by supplying

a greater quantity of air to the kiln.
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(h) Decoration: When a laycr of under glaze is ~pplied on the rw body
and this laycr is too "lean", o difference in drying rate betwoen thoese

two laycrc is obvious and they snrink difforently.

Remedy. In such 2 ¢n.sc one should add plastic clhys and Arabic Gunm
(0.5% maximum). In casc the under glaze decoration contiins teo much grease
and oily grinding mediz (Glyccrinc), onc should reduce the Glycerine or fats

used in grinding, to 2 minimum.

4 (2), 4 (v), 5 Ocourrcnce of pin holcs, dimplos, cogg shells. All thesc

defecots generally coma from the samc crusc. OGmall air bubbles proscnt in
the body surface arc only partially covered by the glhic during molting
(pin hole¢). This can be found in bodice which are not properly de-aircd,
Foreign matter present in the body could also give risc to gas formation
and consequently pin holes. Ifuproper aieving of the slip, Silicon Carbide
dust from grinding whecls and from Silicon Carbide slabs could 1lso
contaminatc the glazc. It wns sometimes oxpericnced thot dust falling
from the tunnel kiln eniranco oftcen causcd - lot of dwiage nd egg shell
surfaces could bo causcd by insufficicnt firing or by npplying too hard

a glazc for the sslected firing temperature. The glaze docs not melt
properly and thereforc does not fill up 21l the pores or pin holes present
on thc surface. On the other hand, a glazc that is too soft melts at

an carly stagc and prevents the gasces from csaaping from the body as wcll

as thc glaze.

Remedy. The slip should be do-zired and the vocuum officiency of the
Pug Mill should bc checked. The slip should he sicved and gub jected to
magnetic separation beforc casting or filtoering. Ono should check the
sicves. The necessary precautions should bu taken agninst dust falling
at the emtrance of the tunncl kiln. Silicon Carbide slabs should be
changed and a layer of paint of Ciina Clay dcfloculated with Sodiunm
Silicatc should be applicd. ™ firing temperaturc should be ad justed
when onc suspocts that the glaze does not reach its proper maturing point
(ogg shell). Onc should adjust the firing tompuraturc and thc pre-
heating period to avoid carly melting of the gloze.

6. Blistering of the Glaze. RBlisters could b. causud by using cxcessive
wot moulds as woll as when th: under glaze decoration does not molt sufficicntly.
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Blisters arc zlso produced when a frittod glaze is applied by spraying. Any
enclosurc of air which cannot :scap. from cithor body or glazce could provoke

blistcring.

Rumedy. The wclting point of the under glaze should be reduced. This
is don¢ by addin. low amclting frite. The [laze should be applicd in thinner
laycrs,  The mould should b: vory dry. 3By onforcing such steps, one could

avoid both blist.r faormetion and pir hol. formation,

Te Bubblc Pormation. Tubbleos ard blisters are in principl:e caused by

.

the samc deficicneics in +he mateorial. The only diffcerenec betweon bubblces

and blistoers is that butblos ~re btlictours which have cxploded lcaving
craters behina which nre portially fused during firing, Bubblces arc more
oftcn suen in raw glazed articlos and ospecially in vitroous china bodies.

Bubtlc foration could also be causcd bys

(a) unsuitably glaz. composition, c¢.ge. when Boron or Carbonates are in
cxcessive ~mounts. During firing, thosc compounds docomposc to give gases

which could causc blistors,

Remedy. In this ensc ane chould rechoeck the glnze formula and re-
duce the amount of Loron (roplace pertially with China Clay) and Carbonates.
One should also chcek the proe-heating cyelc so as to allow gases enough

time to ¢scape before the glaze nelts,

(b) Too liquid glaze on 2 plastic bodys In somc ccsos the body contain:
oxcessive amounte of plastic materials. In such cascs the glaza softens
the body, causing swelling.  The upper layer scparates from the under loyer

and a pockut forus.

Remody. One should roeducc tic plasticity of the body and/or increase

the litrc weight of the glazc (roduc: water contuent).

8. Spallinge Thic defect in common to bodics not carcfully prepared and
is also scen in bodics for the preparation of which, clays containing lime
arc ueed. Thic dufeet is also causud by mould plaster, stones or metallic

articles,

Remedy. The raw matirinls should be ground or washed to 2 greator
extont, cspecially vvhen an oxaminntion has shown the prescncc of materials

like lime picees, plastor of Paris granulos. When re-using the rejected
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products coming from "“fcttling”, onc should make sure that they are properly
ground, sicved and subjected io magnotic scparation bcfore they are added to
the normal slip. When using Colespar, specinl attontion hos to be paid to
its proper prinding as it is difficult t2 grind it on accouat of its clastic
propertics. Generally, Calespar grinding takes wore time than any of the

other raw materials.

9. Rough cdges and rough rims. Thosce defects are caused by 4 glaze which
mclts too carly and combines with the upper layer of tho body. “hen the
cdges of the articlc are too shorp, thun once obscrves arcns not covered by
-glaze. In thie casc the edpges over-fir:s and the glazs is aot properly ab-

sorbed.  The result is an uncovercd cdro.

Remedy. The fusibility of the glaze should be re-adiusted, This can
be done by ndding, for oxampl:, China Clay. Another stop to be taken would

be to round up 21l edges of the ~rticlc.

10. nning of thc Glazc. The glaze runs »ff the article when its fusion
temperature is too low, when th: glaze tusperaturc is too high or when the
g€laze laycr is too thick, If undcrglase colours or decorations arc used,
then theee will also scparate and spoil the docoration,

(a) The glaze fusibility is to b: corrccted. This can be done by adding
China Clay, fincly grcuﬂd #lost or biscuited grog. For carthonware articles,
the addition of quartz or zinc oxide is rocommonded whén China Clay is in=-

croascd,
(v) Either the glost firing tompcrature or the soaking time should be reduced.
(c) Underglaze stains uscd should bc suited to the sver gloze.

(d) The glaze layor thickn.es should be roduccd.

11« Glage absorrtion by tho rody. The glazc can be absorbod by the body

when the glaze composition lacks in alumina and/or gquartz. The glaze is
also absorbed by thce body when the btody contains tou much calcium, It will
bc observed that the glace combincs intimatcly with the upper layers of the

body and thus the slaze surface will be less brilliant and porous,

Remedy. 1In this case onc should rccheck the glaze and increasc ite
quartz and .lumina contcents., The composition of the body should also be
altered and tho calcium contunt reduced. The firing tempcraturc should also
be reduced,



n/v5.20/' 7
Page 116

12, dMarked Spots. Those appear as patches on the glaze or as an unglossy

veil on its surfacc.  This could Lo tracod down to

(2) Basy fusing componcnts in the glaze (too much alumina).

(b) Too higzh quantitius of Calecpar, zinc oxide, or tooc low amounts of
alumina or th: prescnce of too much of titenium Oxide, Zirconium Oxide,
Tin Oxidc.

(¢) Such glaze componucnts ~u Lend Oxide, Zinc Oxide, Barium Oxide or Boron

Oxide, cte. are attocked “w sulphurous eises formed during firing.
(d) SBedimcntation ~f the laze,
Remody .

a) The gloze composition h:r to be readjustoed or the firing tomporature has
to be increasod.

b) Large quantitics ~f calcspar, zinc oxid., titanium oxide, zirconium oxide

and tin oxide pr.scnt moke the glaze 190 mat. Their rcad justment ie nocessary,
¢c) In this casc the €laze should be rocalculated and oxidos which arc not
casily attackud by sulphurous gaecs (calcium carbonat. and magnesium carbonate)
should bc incorparated. The fucl should be dricd beforc firing. Air

circulntion in the kiln should be inerciscd 8o as to remove the unwantced

JASOE,
d) When scdimentation of thoe glaze takos placc onc sheuld adjust the litre

weight and stir thoroughly before using it.

13. Cracks. Cracka hwe to be cxamined very carcfully to be in position to
trace out their causc.  In fact, cricks appear on accaunt of 2 number of

rcasons. Cracks which cut tho glaze and the body as sharp finc linue arc most

probably duv to tuick cooling during tYiscuit or rlost firing. This typc of
crack could also appear after some time after the article is in use. Cracks
that appear 2pon, filled up with glaz. or glize intcrrupts the cracked cdgos
ire duc to creks already precont in the body bueforc firing. Cracks could
also be caused by 2 big diff.r-ace in the coofficicnts of thumal oxpansion
of the body and glaz.. '

Romedy., The conling rate should be low.red and attentioa is tn be paid
that air ie not blown dircet s the fired article during cooling. Piocee with
such cracks cannot be rop.irac nd must bu rojectod,

The cocfficiunt of thermmal cxprnaion of ti glazc and body should be
chocked and adjustud in ense they are not thoe samce  ™he raw materinls should
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be chocked for their cocfficicnt of c¢xpansion and aleo chemically., A sudden
change in the cocfficiunt is possibly duc to a change in th. characteristics
of thc raw material. The labor~tory should carry out t sts on the raw
materials periodieally and recommend the nceessary adjuctments to bo undo

in the glaze and body compositinn,

a)  Agctwork of Haircracks. Thusc eracks gonme=ally apoear just after

firing. They could, ot times, appear after somo time, This dofcet in
called crazing ond is always duc to tensions botwoen body and clnco and to
residual tensione which ~re incrcascd by the ihydration of alumin- duo to

wator ~bsorption. Alumina rchydration is - pcouliarity of porous bodice,

Thie defeect also appears when the glaze layer thickness xe .ds
cortain limits,

Remedye The thomal cocfficient of the glaze and/ar the body should
be adjusted, leaving the glaze with a slight compreesion n th. boay. The
ratio of thc cocfficicnts of th. Body to glazc (E/G 1) should b. slightly
groator than unity,

Car. should be tnken to keep ths body porosity within limits.

Firing should be done -t - higher tomperatur. or for -~ longer tine,

The glazc laycr thicknces should be kupt ithin the proseribed limits.

Glazc should be applicd both on the ineide ~nd cuteide of the artielo.

The interior of articles when thoy are within rauch she ld be glozed,

™c reduction of the corefficiont of thurmnl cxpancion of the Glazme
is donc by rceducitg thc amount of Kzi and Naga “nd roplacing tha with
Cal, A1203 and MgO. It is zlso possillc to low.r the cocfficint of cxpancion
by firing the Liscuit at a highor tumperaturc, On the other hand, the
oxpansion cocfficisnt of the body oan b. vari.d by adding more cuartz or by
grinding the quartz more finec. In thu ense of carthonwarc, onc should ine
oreasc the limoe contont and roduce the elny content,

b) Comprassion Cracks. These are duc ty : high compr.seion of the glazo

on the body and the glazc spalls off ~nd splits sut togcthor with = part of
the M‘Yo

Rumedy .,
i)  Reducc tho thormal cxpansion of the body., 1In vitrcous bodics thig can bo
donc by incrvasing th: quartz or magnosium oxidc contont as thoy both lower
the coefficicnt,
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ii) Firing should bc donc 1t a lower temperaturc and/or for a shortor time,

14,  Flokjag of the Glazu. Flaking can be duscribud ns 2 coming off of the
glazc like ckin.  Yhen tho cacfficicnt of .xp.nsion of the glaze is far lower
than that of the bodv or on the oticr hond the glazc cocfficicnt of oxpansion

is much pr.~ter than thot of the koady, floking takoes place.

A firing temperature that is too high acccelornt.s flaking. When an
undergleze doenrntion docs not roaet with the body, and the glaze, it also

causcs iiaking.

Rumedy. Tho ecocffieivit of thom]l .xpansion »f the glaze should to
iner nsed by dding for wxeample K
of Ca0, lig0, AL,05.
the thermmal coofficiont of oxpunsion of the body bs lowering the jquarts

23 nd N'J.DQ anc by lowering the contonts

The glost €iring termperaturc should be reducod., Reduoce

eontont of the body or by grinding the elip to ~ lesser oxtent, In cas:
it is an carthenware body, reduce the c.lespar ana CaCO3 contents  If the
defeet ic duc to th undirgloze decorntion, then increasc its sbility to

flux by mixing it with » lowor rclting frit,

14 (~) EBpgobe Floking. ingobe floking oceurs frequently in fire clay
canitary ware on which - thick 1i .r of ongobe has boen applied.  The cngobe
doce not stick 1o the boqy if it ia npplied to surfaces which have already

shrunk too much (PRiscuitud or dry bodicse),

This dcfoct ie 2150 caused whont

a. Insufficiint adheeive ie present in the ongobe

b, Too much n~dhccave ia prosont in the cngobe

c. 'The ndhesive docorposes

d. The ndhesive ic weak

¢o Improper ~pplication of thoe ongobe

fo A loyer of durt or gronsy matorials is prescnt botwoen body and engobe
€« The cngobhe i ton hard

h, S8alts ar. prosent in the body

Rumody. To find out whot the causc could ba, nll stepa of the
manufacturing proecss huve to be xamined giving the following points

spucinl considerci’ong
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a) Bodics showing high shrinkage have 19 be engeobed when still hwnid,

b) Tho dhesive has to bo tested before use nnd should Fe stored in o
dry place to nvoid decemposition. Special cmphnsis aaws ) Uo 1-id on
t:sts like the adhesivity and gelificatinn point of the adhesive.

¢) An adhosive losce its ~dheeion propertics ftoer some time, It

should thcerefore be madce o point to fire glawc? ~riiclen ~e giyon oa
possiblu.

d) Too muoh adhosive in a glase or engobe causes emoessive tonsion

whon drying »nd it will oftcn be noticed that the cngobe scparitces from
tho body bLefore firing. Specinl corc should Yo taken whon 2pplying
glace and ongobe to the vdgue and corners of articloes, Copner lying in
the intcrior of the body should rcccive less gleze and cngobe ae compared
to oxtoerior corncr,

¢) TMWhen the .ngobc nd glaze is applicd with long intorvale betweon
subscqucnt laycrs, drying takes place calling £or »  rowotting of

the ongobe and the picec, the adhesive loe:s its strength and movee
acats duc to altuernating shrinkage and cxpansion caus. tonsion
dovelopment., This should be ~wvoided by applying the ongobe wnd glazc

in the shortcst possible time.

f) Clean the body to remove dust and dirt that could cventually forwm

an insulating layoer betwein body and ongoboe.

5) Lower the melting point of the .npobe if the engobe is too hard arnd
if it doos not roact with the bhody.

R) Roughen the surface of the body beforc awwplying the carobe.

i) Ono should chook for th. prcsence of salts in the body and noutralize
thom, (Sulphatos: noutralize with Baco

15. Changes dn colour.

as It has to be kopt in mind thot whito glazes containing SnO2 change to pink

3)

in the presuncc of Chromium compounds even if these arc prescnt in small
quantitics, This could also takc place in cleetrically heatod kilns using
Nioksl=Chromium clomonts. ’

b, A ycllow colour appoare in glazcs when thoy arc appliced in too thick o
la, - specially whon lead is pruscnt,

¢. Prcsonce of Vanadium causcs a yellowish colour.
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d. Carbonaccous matt.or if firod toc high produccs o dirty ycllow colour.
ce Oxidrntion of Forrous compounds 2lso produces a yollow colour.
R‘.}mb‘dy .

ae The ronetion can b avoided if SnO? is roplacaod by Zr02.

b. The thicknce: of the gl.re layer should e reduced., ™The action of
Lead onn bo correeted Uy using - pliz. containing SiOQ, Kago, Zn0, B203'
¢. Vanadiun cfflorcsccuce can b courtoracted by the presence of BeO and
wleo by regulating the kiln ntrospherc.

d. In this casc, the kiln atrosnhers hoz to be correctod,

ce The carly stages of firing ~re to be done with 2 reducing atmospherc,
Tollowed by an nxidizing one and once gain changed to ~ slightly reducing

atmosphere until the nd of the firing.
Other colours:

A brown colour is produccd whoen Titanium compounde arc mixed with
Iron (Rutil). Thc best romedy to avoid thie is not to us. o glaze farmmula

containing Iron and Titaniwi,

A grogn colour could b produccd by chromium vapours. In thie ocsc

the glaze should bo fired b_.for. it is appliod,

A block colour c~n be produced if . reducing atwosphere is maintained
for too long o time. This bicck calour comes fron carbonaccous matter.

Scnedtive nxides like Uranium ~re offectod by smoke and high toemperatures.

16, Spotse Spots scun in o glasced surface arc duc to impurities containcd

in the glaze as well < in the body.

Blug spote arc generally seen on white or light colourced glazes and
arc duc to cob-lt impuritios. 1t i8 ncecssary to zvoid diroct ar indiroot
contact of two glazes. Mills, contoincers, spray qums, fillors and glazing
tools should be well cleaned before usc. Cobult nlso gives risc tn spots
when badly ground or if not propoerly dissolved. Jnd:r coertnin condition
Iron particles present could give risc to hlus spote. In this crse a care-

ful magncetic separation ond a propor sicving ie nccessary.

Green gpots. ‘Thon the spots arc black in the contre ~nnd grecn around
they are duc to the prescnc. of copper, brass or bronzc impuritics. On

chrading the spot with o grinding wheel one can locate the impurity in the
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black zon¢ in the contre of this spot., Such impuritios goncrilly come froa
injurced siocve ncts, worn or brokcn bronzc bearings, wachine parts o1 bronze
tools. Special care should be tolien whon mechanics Hr clcetricisns work in
the body preparation and production rooms. Green spots are somotimes duce to
impuritics presont in clays. In such cases « rinc sicving e woll e ood
grinding will help 1 gruat dueal to disperce cuch laparitios unifommly thus
avoiding such spots. Mills used for grieen or for that matter any colourcd

glazc should be thoroughly cleanced before thoy arc usad for other glrzes,

Gencrally, nogeles and nipplces of spray gfune arc made of Fronze and
their maintenancc has to be done corefully.

Whitc spots. On pink, rced or reddish surficosm, white spate nrc
caeily scen. Thoy arc causcd by the decomposition of pink colouring - gente
duc to the interference of other oxides like zine oxide (Ziac oxides, offect
chromium stains). Somc whitc spots whon obscrved with . magnifying, gless
appear dark brown in the centre, surrounded by light grcon colour.  These
arc due to the very fine particlces of Iron, or Silicon particlos falling

from the silicon carbidce slabs.

Brown spots. These spots arc generally cnusced by iron particloes
prosent in the raw materials. They could hhve becn inteoduced into the
raw materials during mining, traneport, grindins or sicving, They should
be romoved either by n propur sicving or hy mametic separaiion,  Carc
should be cxcrciscd in handling of raw matericls, in unpacking brrrels cte.

Nails and stceel wire from packages have often causcd much irouble.,

17. 3Salt cfflorescencc. Salts specinlly €a30, are nlway: present in thae
raw meterinls, During drying and firing thcscxszlts rise to thce surfocc
and interfere with the applicntion of the glaze s well ns with firing,
Salt cfflorescence manifests itsolf ag smell spots an iransparent slazed
surfaccs. Thess spots arc produced whoen the —rticle iv cxposcu to high
temporaturc flames and also whon the guantity »f alkolico present in the
transparent glazec is too highe When thio is th. casy, it is nccessary to
reduce the Soda contunt by replacing it with Load, Potassium or Borax,
Sulpha‘c contaminntion can take place as n result of grpsunm moulds used.

Honce it ie alwoye advisable to sicve reraps when they arc blunged.
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18, Undulaitcd JJLace surfaccs Improper firing ccuses such ~ surface which

is ~ result of an uncven =preading sut of the ¢laze. This defeet can be detected
by simply running o hand over the s»1.-20d article. The brilliaincy of such a

surface iz ~lso w.ak.

Remedy.  The firing tomperatur~ should be adjusted.

19. Defects of Overglazing. The defocts that arisc from appl ing a thick

1

layer of glaze are »utlined L.low

a) Crazingy .

b} Articlus sticking t> ite support

¢) Accunulation of fglase in corners and bottom »f articles
d) Glasc drops.

Rumedy. Carc should be tnken that porous articles be dipped in the
proper glazc bateh vwith the right litrc weight and viscosity. When dipping
is being done, the imacrsion tisce should be short and shaking of the article
should be don. carefully. When the elaze i applicd by spraying, the gun
should not be held very <lose t5 the article, Spraying should be done
uniformly. Corncrs =nd wngles should alwiys be glazed to o lesser cxtent

as flat surfices.

The underglaz. also leads to such dofucts as Rough surfaces. A rough

surface could be caused by o high p.orcontage of Boric acid in the glazc,.

2. Speckings This d.fcet comes lmost lways from inpuritics falling into
the glaze or ovor the glazed surfacc. Dust zccumulated on beams and other
structurcs always causc troublc. It is thoreforc advisable to ‘keep the

glase dopartnent ~bsolutcly clern,

Conclusion. It is quitc clenr that glazed ceramic articlos have many
dcfocts and that thesc eould be initiated in any part »f the process. In most
cases it is casy to sce such a defuct but not alvys s0 cnsy to locate and
recognize the causc, Onec a defect has beom sighted, 2 systemitic investigation
should be started wnd all departments should enllaborate to find the¢ cause,
otherwisc it becomes a difficult and tinmc consuning task to rcinstate

production on its proper lines shich could ffact the cconomics of the plant.
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Fiﬂge 11X
Calculations based on the ring method

45 em

A = Distance measured after firing

Bxaaple 17 A« 30mm Be2lmm A-Be 2 mm
1« 3Cmm B=32mm A-Be-2mm
2 A« 30mm B=3lmm A-B ==1 mm
1s30mm Be29mm A-Belmm
3t A«3mm B«s30mm A-B=O
A 0mm B=30mm A-B=O
3 « Distance measured after cutting
Example 1: Zxternally Gluzed ring Closes 2 mm : FPeeling Tendency
Internally Glazed ring Open 2 sm : Peeling Tendency
2: Wxternally Glased ring Open 1 mm : Orazing Tendency
Internally Glased ring Closes 1 mm : Grazing Tendency

J1 “xternilly Glased

Internally ‘Jlunq" Neither opening nor closing of rings

Notet ‘When the body is not under compression, the glase could crase due
to expansion caused hy Hydration of the body.

T T T
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