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I, TITRODUCT:ON

The Third General Conference of UKIDO outlined '
the requirement for a more intensive training of
technicians from developing and the least developed
countries, This conclusion proved irue already iu
the In-plant Training Workshop on the Exploitation
and Beneficiation of ifon-metallic Minerals organized
by the UNIDO/Czechoslovakia Joint Programme for
International Co-operation in the Iield of Ceramics,
Building Materials and ilon-metallic Minerals Based
Industries at Pilsen in April 1980,

The paper being presented defines the chief
practicél‘principles to be observed by a technician
of any developing country wanting to assess <he i
suitability of local non-metallic raw materials for
the manufacture of double-~fire porous wall tiles
based upon the conducted geological exploiraiion,

— —

This publication respects the variability of
local raw materials and, hence, it is focussed tc a
series of technological processes resulting in a
product of egval utility values though the possibili-
ties may often even strikingly change from the point
of view of raw materialr used, -

The authors of this paper are convinced that
this practical instruction, respecting fully the
the essential theoretical knowledge, will contribute
' to the promotion ef know~how of the tecinicians




\ .
from the developing and least developed co mtries,
to the commercial utilization of local non-metellic
raw materials and thereby to the industrialization
of these countries as well as to the improvement
of housing and ..iving standards.




II., THSTING EQUIPLIHT

This peper covers only the equipment necessary
for technological testinz and verification of body
compositionsfor porous wall tiles, Analytical
silicate laboratory equipment is not described
though the chemical analyses ox raw materials heving
not yet bYeen used are of high importance for a
quick composition of bodies, particularly of the
lime-siliceous type,

The equipment for the technological testing
depends on the extent of tests to be made, whether
only preliminary tests are to be performed on body
conposition from unlmown raw materials oxr lavoratory
tests or a detail technological process should be
elaborated and propcrties of the manufactured wall
tiles verified, i. e. if seni-industrial test is
involved,

‘The following equipment is necessary foxr the
preliminary tests:

- a set of sieves, at least those ones of 0,043,
0.2 and 1,5 ma nesh sizee
- technical balance of 10 k;; max, weighing capacity
~ technical balance of 1 kg max, weighing capacity
of 0,01 gr accuracy
- planetary or porcelain drun mill up to 1 kg volume
~ porcelain grinding mortar with a pestle
~ filter cloth or plaster dishes




laboratory hydraulic or screw press

- laboratory kiln up to 1280°C temperature
hand-glazing tank or a spray gun

- laboratory drier

In addition {0 *the above mentioned ingtruments
the following pieces of equipment are necessary for
the verification testing, elaboration of s techunolo-
gical process and verification of properties of the
manufactured wall tiles:

drum mill of 100 to 400 litre capacity
laboratory filter press

laboratory pan mill with & screening path
- wall or floor tile press

-~ drier with temperature control and forced
circulation of air

laboratory kiln of 0.5 to 1 cu.m capacity
up to 1250°¢ tempereture




111, COMPOSIHG OF BL.IDS POR WALL TIL: BODIES

1. Different Technological Types of ¥all wilce Bodies

Basically, every wall tile body for porous
wall tiles consicts of twm main groups of raw
material,i, e. of two compounents, They are the
plastic component, which enables the shaping of
pressings, and the non~plastic component, which
controls sirinkage and decreases the possibility
of cracking of the pressings due to an excessive
plasticity of the former one on one hand aad
renders prerequisites for the formation of
phagses during the firing process on tie other
hand being characteristic for the individual
types of wall tii: bod’

Ball clays resulting in a porous body when
fired at 1200 - 1250°C temperature as well as
senivitrifying clays or evcn pronounced stoneware
clays may be used as a plasiic component because
the properties of the body can he adapted by
additing suitable non-plastic raw materials,

i. e, grog or fluxes, Kaolinitic clays are -
suitable whexreas illitic or montmorillonitic

ones not due tc their tendency to cracking during
the drying and firing processcs, !

' The different types of wall tile bodies can
be classified according to the type and amount of
non-plastic admixtures as shown in ‘lable 1,




Table No. 1

Bagie Types of Porous Wall Tile Bodies According

to the Mineralogical Composition

serisili-

siliceous

Talcumn

e s Wellesto-
kaolinitic ceous ———— ' . nitie
feldspaticigns comoired I. II.
¥
Cly Substance /Kaolinite/ % g0 6C-65 40-55 35-37 50 40 20~-25 25-35
Silica y 4 15 25-30 35-50 36-41 40 15 - 0-15
Feldsper 4 5 5-10 5-15 - 5 3 - -
Licestore /chalk.shells/ 3 - - - 13-15 5-10 - -
T=lc % - - - - - 40 75-€0 -
Tollastorite % - - - - - - - 50-75
lon-glestic - A
corsenens total % 55-65 55-€5 55-560 6C-65 50-60 55-50 75- 5C-75
out ol theat - _
fire¢ grog ) 4 4C-45 <C-30 0-10 0-10 5=-10 0-5 0-5 0-5
Firing teaperature
cf *risque °c 1280 1250 1230 1050 1150 1209 1180 1060-112C
of slaze °c 120 1100 1ceo 960 1040 1040 1040 1020

The types of bodies &sre showr in terms of the miners
into a mineralogical one is shown in Table 2.

ogicel composition. The conv: “sior from & chemical composition




‘Table Iloe 2 Conversion of the Chemical Compositio

o~
1 QL
T Whtwd

- Unfired Body into the Ifiinerelog’ sal Composition

A, Principle of the calculation:

1.

2.

3.

4.

Content of H320 ig to be couverted to sodium
feldspar (slbite) NaZO.A1203.65102; the eontent
of K20 is to be ogonveris?® to potassium feldspar
(orthoclase) K20.A1203.68102.

The content of i1203 in the both feldspars is to
be deducted from the total content of A1203 and
the clay substance (kaclinite) is to be calculated
from the remaining A1203.

The content of 5i0, in the feldspers and in the
clay substance is to be deducted from the total

content of 8102 the rest being free silica.

Ca0 and MgO should be converted to carbonates,

B, Calculation

i,

Content of la,( in terms of % multiplied by £.450
= content of sodium feldspar in texms of

Content of sodium felidspar in terms of { multiplied
by 0.1944 = content of A1203 in sodium feldspar

Coutent of potassium feldspar in terms of %
rultiplied y 0,6873 = content of 510, in
godium feldspar




Content of KZO in terms of % multiplied by 5.907
= content of potassium feldspar in terms of

Content of potassium feldspar in temms oI .,
multiplied by 0,1332 = content of A1203 in
potassium feldspar

Content of potassium faldspar in terms oi %
multiplied by 0.6475 = content oFf SiC, in
potassium feldspar

2, Total content of A1203

- total of Al qufrom tke feldspars
A1203 Trom kaolinite multiplied by 2,531
content of clay suvbstance in terms of %

Clay substance multiplied by 0.4651 = content of
'Si02 in kaolinite
3, Total content of 510,
- 5i0, from the feldspars

=~ S5i0, from the cley substance

2__
510, - free silica

..

4, Content of Ca0 in terms of ¢ multiplied by 1.785
content of CaCO3 in terms of %

+ Content of HMgO in terms of % multiplied by 2,091
content of MgCO; in terms of % = total amount of
carbonates

Ce Check}gg

Content of sodium feldspar G
+ Content of potassium ieldspar ”
. + Content of clay substance (kuolinite) e
+ Content of silica 9
+ Content of carbonates - e 2




The two below mentioned basic criteria
are decisive for the choice of any of tue
types of the wall tile body:

a) Ruw material availahle

b) Energy.requirements being of evar increasing
importance nowadays due to the world energy
gituation

No .problem should occur “in casec of the
first three types of bodies in view ol che raw
material availability hecause a clay raw material
and a silica component are generally the pre~
requigites for starting a ceramic proluction and
these materials in some form can be found :=very-
where in the world. Calcareous component {lime-
atone, chalk, shells) need not be always avgilable
for iime=-giliceous and combined siliceous types
of body but it is added in small emount only,
Hence,limestone or chalk may be worth importing
in view ol the energy savings in the firing procegs,
The main raw materials required for the latter
three types of the body, i. e. talc and wollastonite
are comparatively rare and occur in some countries
only but, on the other hand, they represent very
valuable raw materials for any ceramic manufacture,

In view of energy requiements the first two
types saxre the least suitable ones due to the hign
firing temperatures of boia body and glaze on one

L 24 -~
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hand and that fired grog (fired kaolin or clay)
is to be added into the body on the other hand

that results in ai increased ccnsumption of
energy.

Pired grog added to the other bodies is
the exploitable breakage from the manufacturing
process that would otherwise constitute an
inconvenient waste, ’

As it ensues from tho abcve mentioned facts
the lime~siliceous type of a body is the cuceapest
and the most suitable one for tine manufacture of
porous wall tiles; it also iias a highexr coeficient
of thermal expension enabling thus the use of
low-temperature glazes the coeficient of thermal
expansion of which is always high, too.
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2,  Lime~siliceous Wail T¢le Bodies Composition

The main components of these bodies are:
- plastic raw materials -~ clays or ksolin

- 8iliceous raw materials . silica sand, lumps
of quartz or flint,
raw kaolir or very )
sandy or little plastic
clays

- calcareous o0 even calcareous~magnesium raw
materials ~'limestone, chalk, shells,spongillite
(along with iis siliceous component),
marls (along with the plastic
component) marl slate or dolomite

a) Choice of siitable plastic raw materiails

Tae plastic component of a body gives the
méchanical strength to the semiproducts to retain
their shape aiter pressing, drying and partly
also after Ziring,

Both ball and stoneware claye are suitable
for the manufacture of porous wall tiles made
of lime~siliceous hody since the stonewere clays
do not get vitrified yet at the 1050 -~ 1060°C
temperdatu. . under which this type of body is
fired. Hence, the clays are required to yield
a porous or slightly densified body after
firing at tha above mentioned temperature, The
body should be of a light colou. as far as
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" possible, In case the rroducis may .10t require
a light-coloured body eveun derker-iiring clavs
may be used, as mauy prodvecrsin Isaly and
Spain do =o.

In general, wie cex say thav wall tile
body can be composed of any clay wiici: shovrs

a) requested colour afie:r Tfiriazg,
b) coatinuous curve of thermal expansion,

b
v
T
t

¢) low moistuie expansion after firing,
d) pressability.

- L
PRI
£q .

Kl

Evaluation of plastic raw i:aterials accerding

* v & > A- o - - -

! ' - "
P L e ST At h AT

to the chemical compositioc:

Chemical composition of the plasiic raw
materials proper is o little impoirtaice for
the menurfaciure ol wall tiles Decause the
chemical compositicn of the entire wall tile

"lbody can be adapied by tiae amounv oi addition
of the other components being the coiriers of
. silica and calcium oxide,

Loss on _igznition may range iromt 5 to
15%, Light-coloured clays without orzanic
matter with higher conteni of silica ox
feldspars sho lower loss o:1 ignition.
Dark~coloured plastic clays with higher content
of organic matter show generally higher loss on
isnition, These clays may cause so called

g "scalding' while firing the wall tile bodies

stacked in columns., Calcium or magnes:.um

% 1




carbonates conteined in clays may also increase
the loss on ignition, Loess-clays and marls

have a .iigher content of cailcium carbonate, '
The content of carbonates is harmless in the

wall tile body composition; these carbonates

cail partly replace the calcareous component

in the wall tile body.

The content of silica in plastic raw
materials vusable for the manufacture of wall
tiles ranges from 50% up to almost 75.. ashed
keolina or pure kaolinitic clays have a lower
content of Sioz. Unless it is Indispensable
to use clays wich a low content of SiO2 (ee
when other clays are not available) it is
useful to apply such clays in the menufacture
of fire-clays and to use clays with a higher
content of 8102 for the manufacture oi wall
tiles, When clays with a low content of SiO2
are used difficulties may also be eacouniered
while composing the wall tile body with respect
to achieve nigh enough thermal expansion in
the wall tile body as it will be dealt with
in the respective chagpter,

Content of alumine in plastic raw materials ...
for wall tile body may range from 17 t 35%.
Wathed kaolins and purcly kaolinitic clays
without gilica or feldspatic minerals adnixtuces
have high coatent of A1203. A small amount of

Wuph~d itacling only is to be added into the
wall tile bodies because washed kaolins usually




againsi thet onc saidi -TF une Si(')? conten’s
namely, vhat claps with ish 11,0, content
are suitable “or the aanutactule of rerractory
products wheress clays with ~ lower ceatent

of A1203. if available,. should be uzod for
the manuiacture of wall tiles.

Contents of calsiuu oxide ané nagnesiu
oxide are harmless in tiae wali til: bolles.

To the coasrary, clers of loessal ox, ninlis;
marlous types sre suiteble because ey suvpis

L4 L=~

the body with a part or even witi: all Tle
calciun or nagnesium~calcium components, 'whu
total of thn tvo oxides riay anount o as mmsh
as 25%:.

Content oi ferric oxide is oi giznificruce
in sucli cases when tlie wall tile body colou
is required to be.light. The content or Pc203
in sucn a casc should not exceed 2 - 2.5,..
As far as wall tiles of colourad bodies ave
envigaged to be manufactured the clays may
contain a higher amount of Fc203 - even
5 to T,

Content of titanium dio:side mamoun. s abot

-

1% in the majority of clays, Its hisaer con.rh

along with a higher content of 'e203, rognlic
in a dark coloux o2 a body clter firin:g. thewc-

fore, clays wi*th the conient ol Tiuz Adgner
than 1% cannot be used for the manufaciuse =7




wall tiles with a light-coloured body.

Content of slkaline oxides K,C and La,0
results in a partial densification of a body
though the alkalic effect is rather indistinct
at 1050 -~ 1060°C bisque firing temperature.

The total amount of alkaline oxides in most
clays ranges between 1 ard 2%. When the content
of the alkaline oxides is higher such a clay
may be suitabie for the manufacture of {loox

tiles or stoneware products.

It is obvious from the aforesaidc that the
chemical composition of plastic raw materials
suitable for the manufacture of porous wall
tiles lies usnally within the followinz limits:

Loas on ignition 5 0 15% d
Silicon dioxide 8102 50 to 75
Aluminum oxide A1203 17 to 35%
Ferric oxide Fe203 _ up to 2% for a

light-coloured body

up to 6% for a coloured
boly

Titanium dioxide Tuv, up to 1% for a
light-coloured body

Calcium oxide CaQ

up to 25%
Magnesium oxide 1}zC
Potassium oxide up o 24

Sodium oxide
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Clays showinj; the leecst shriniiage rendex
higher degree of suret: ihat the preducts

size toleraices will be alliered vo am. ¢
they show zenerally lower sensitiviwy uc cvasking

during the firin; process.

The tendency-to cracking during tie
arying and firing processes is also a:
important physical-teciriwological Izature

of plastic raw atexrials.

f.

Y, - > oS ypt e - Teamr oy Tyass T Adamras
The sensitivit: o2 diying nay e deteimiine
~

by plotting thz2 27507 5 curve i oo values

respective rar atverial, lioisture coantent
percentase of thie %est brick ic to be plotted
on the vertical axis wiile thz test biick
shrinkaze percentasge oa the horizontal one,
Critical point cenr be found by extenling that
part of the curve ifor water of sirinkase with
the final shrinliage accorling to thz Pictur 1.

Clays of more than 7 critical moigture
content are gnitavle Ifor the manufacture ol
wall tiles the odies of which are %o be
composed of plastic raw mateirials i(clers) and
pressed at 6 %o 7% noisture content oxr even
less in case of bodies pnrepared by Jusi-spiay
driers, |

The sensitivity or temdency to exracking
during drying can algo ¢ judzed by a practical
test of pressings made oi the clay alone, The
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clay being tested is to de wet ground to .
about 5 rest on 10,000 mesh/sq.ci sieve
(0,063 mm mesh), ith2 slurry should be
dewatered and dricd subsequently to 6 - 8%
moisture content. The becdy for pressing

shoull then be screened by 1.5 to 2 mm

" mesh sieve, The wall tilegs having been pressed
are to be dried and checked foi: cracks
occurrcnce, The wall tile edges should be
painted with kerosene to make any potential
c»acks more distinct, The wall tiles made of
the clays are then to be fired at 1060°C
temperature and checked for cracks occurrence
again, Such a clay or several cleys showing
the least tendency to cracking during drying
and firing are to be selected frr the wall .
tile body composition,

As regards thne Jjudgement of suitability
of plastic raw materials for the manufaciuie of
wall tiles for interior tiling it may be stated
that the most suitable clays for this purpose
ere those of sufficient strengeh after pressing
and drying, low shrinkage by drying and firing,
if possible, and good iresistance sgainst cfackirg
during dryin; and firing.




b) Choice of suitable non-plastic raw materials

 Hon-plastic raw materials for the manufacture
of wall tiles are’ those supplying the silica
coriponeny, caicareous or calcareous-magnesium
component to the body and breskage of wall tiles
from bisque and glost firing to utilize this
breakage.

Mainly rew kaolins, pure si.ica sunds (e.g.
glass sands, dune silica sands or sands from kaolin
washing plants) and even vein quartz or flint, if
necessary, are used as a silica component for the
manutacture of wall tiles, The latter two raw
materials should be calcined at about 900 - 1000°C
temperature ‘and quickly cool.3d before processing

- 80 as they ocould be easily crushed and ground,

As far as chemical composition of the
non-plastic components is concerned chiefly the ’
content of colouring oxides, i.e, ferric‘oxide
and titanium dioxide should not exceed 1% if wall
tiles of light coloured hody are iequired., In case
of raw kaolin it should contain at least 80% o2
silica so thac the required content of Sio2 in the

" blend with the plastic component could be achieved

to provide for a sufficient dilatability as it will
b2 described in the next chapter,

The content of the colouring oxides (Fe203 and
Tioz) is alzo important in the calcareous or
calcareous-magnesium component in which these oxides,




too, sheld not exzeed 1w ver wall tiles
with lirhi-coloured bhody. ifle convents of

2]

silicon dfoziide oné zlivuinua oxide ig act
cecisive as lowy: as %lieixr conitent is consiant
becausc trne reguired acdivicn or limo or

calcareous-nazgicesiu: coapldnent caul ve calculaved
according to tlie contenve ol thiese oridles.

Hogtly limestone oxr chali and, ia moritine.
areas, even shells mary be used as calcareous
"conponents. Since tie ieaction ol itie caicaireous
* or calcareous-nazsnesiuwrl coriponent vitia g ciny
substance is Zdecisive Tox tne Jormation of
minerals vhich Iend Zhz required properiies
to the wall tile body of lime-siliccous wpo

i the calcareous or calcar2ous—uagnesiwa soiponens
- should be dispersed iz thn body as fiuelr as Hy

possible. Therefore, it 1is cdesirable to use
micro-ground limestone and, in case of the
calcareous-magn2siun coilponent, ground coloiaite
shculd bo added.

If clays of loeseal character or marls
containing enough Cal are avaiiable to reach
the required content of Ca0 in tie body it is
advantegeous to use these clays or narls because
Ca0 is usually finely dispersed in theri, e

Other calcareous ninerals may also be usad
€e7e 8pongillite or wollastonite the laliter being
’ - the most suitable raw maverial for this type ol
a wall tile body.




c) Calculation of lime-siliceous body composition

for porous wall tiles

Tae composition of a cuitable body for the
manufacture of wall tiles must corxrrespond with
both physical-technological requirements aud
chemical composition the latter bein; a pre-
requisite for the formation of minerals which
are decisive-foxr the physical-technologicail
properties of wall tile bodies - mainly strergil,,
shrinkage and thermal expansion.

The physical-technological properties,
particularly drying and firing strength, drying
‘and firing shrinkage and resistance against cracking
are chiefly resulting from theratio of the plastic ‘
component to the non-plastic one; 'it ranges .usunally ;
between 40 : 60 and 50 : 50 and is mainly
determined by the quality of the plastic body
component. Hiz-2r proportion of the plastic
component results in an increased bending strength
after pressing and drying but causes usvally
shrinkage of a body and an increased tendency to¢
cracking, The corrzct ratio of the plastic and
non-plastic components caunnot be theoret.cally
specified in advance but it can only be found
-out by several experiments as it will be described o
below,

————————

The chemical composition of the wall tile
body is to be chosen in such a way so that it
should enable the formation of an important
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component oi the lime-siliceouvs body, i, 2.
anortite (calcium feldspar, - CaO,A1203.25iO9

and the body should still ccantain cnough fren
gsilica wiicli increases the coeficient of- thernmal
expansion vheraebr tvie resistaice against tae
crazing of a glazc is guarantead. When siljcs
content is too hiz i¥ malies the bely scnsitvive

o cracking both during bisque firing and ;-lost
firing, particulaxly in %he cooling zone gue to
the modification transformation ofl & /3 silica.

The contennt o the nain oxales of %the

lime-~giliceous woll i

66 to 70% of silica
17 to 20, of alumina
9 to 11% of calciwn oxide

The content orf these oxicdes can also be
specified by the following moduluses:

Modulus A for the judgement of the ratio of
gilicon dioxide ana alw:iinum oxide:

0.25 8Sio0.
—~— eo—e=e<mo ghould be 0,98 to 1,02

J';1203
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Modulug C for the judgement of the ratio of
aluminum and calciwr oxides to form snortite:

1,823 CaC

A1203

should be 0,95 to 0.98

Moculus X for the judgement of the content ol
silica uncombined in anortite, i, e, "free silica":

3102 ~ 2,142 Ca0 shoul.d be 48,0 to 50,0

Modulus S for the judgement of excess SiO2 against
the calcareous phase:

8102

* Dy - —— should be 3,30 to 3.40
(0.591A1203)+\1.07Ca0)

~ The both values of the coatent of the main
oxides are in conformity,

According to the rational compositien the wall
tile body should contair:

35,0 to 37.,0% of clay (kaolinite)
36,0 to 41,0% of .silica
ot o 13,0 to 15,0% of limestone

up to 2% of Pe,05 + T40, (for a light-coloured body,
. if otherwise, even more)

6.0 to 8,0% of alkaline feldspars
3.0 to 5.0% of breakage ~ reject (after the deduction
of silica)
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2) The addition of the silica component is to be
increased slightly.

3) As far as the adnixture of limestone s at the
upper limit its addition is to be reduced by
1 to 2%. )

In case the water absorption ol the fired wall
tile is foumd hisher than 22 and the change iu
length by firing is positive opposite changes in

the body composition are tc be made, i. e,:
1) The addition of plas“ic clar is to be increased,

2) The addition of the silica component is to be
reduced.

3) Or, the eddition of limestone should be increased
sligntly, as the casc may be,

The blend having bee’) so adapted is t5 be
prepared in the same wayes stated above, The process
should be reneated, if necessary, until the test wall
tile bisque with absorption capacity up to 22%; eand
change in length within ¥ 0,5 —ange are obtained.

If ailatometer is available a test picce is to
be cut out of tuae test wall tile and its thermal
cxpansion is to be determined within the temperature
range from 20 up to 1000°C, A mean coeficient of
thermal expansion -~ ol is to be calculated from the
results and it ehould be within the following range:
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If no dilavoite”e: ~z avallavie vhe ter: wall
tile bisque 1
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is eavisazed Tor the use in tiw 2mpecueld preduciion:
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or, if such a zlaze is not available. any oTlioy
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or wall tiles for tane Firin, temmeraiure oi 962 tc

1020°¢ may be apolicé. The 3lazec wall tile 235 Jo to
fired in the Iaboraicwr ila 2% tig respecTive
temperature *he letuitii. vLuc av i O Kinregabbaie

bein; 15 minutes.

the gurreco ol iz Slose a3 orcaing o tas rall
tile are to b: ewomined affer Tising. IT enc areiing
is concave or evail wie glaze shouws crazing it
indicates tha® tie Lodr co:lfieiory oo Tiizimiel

expansion is lower wraan viat o7 vhe ;jlaze.

Vhen zlaze with e lorer coericieny of Thiermal
expansion is not avail:Die The vocy thermal exponsizu
should be increased by 1izher content of free silice
by adding a silica conponeant ci1 the account ol tae
'breﬂ“a;e \reject.) or clay-

. As far as tie wall tile after liring is Tlat
or slichtly eoavex only, it is to ve sidjiecteld to
Harkort' s test of resistance ageiaet exrczing of the
glaze, The result, wowever, i3 Jor orientation cnl:
becausc the Harkort s “est oi the test wall tile
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being of smaller size shows betver iesults than on

full size wall tiles. as far as tie glase withstends
the cooling from the Semperature at least 175°¢C
without crazins ithis body nay be subjected to g
verificaiion test, Unen the Herkort s test value is
lower thc above mentiozed steps sowards increasing the
tiaermal expansion are %o b2 made vut to smeller cxztent
only than in the case of a wall tilc becoming concave
or crazing immediately after firin:z.

Pictures 0. 2 through 5 shouwr the practical
evaluation of tie relationship betwecn coeficient of
thermel expansion ox *h2 DJody and glaze,

Preliminary tests

The body which has met the aforesaid requirenents
can be subjected to a verification test for which es
least 3 fo 5 kg of the bleand is required.

The blend prepared according to the -~daptecd
recipe is to be weighed, in the amount ol at least
3 Yo 5 kg, into the siall Horcelain drum mill depending
on its capacity. 'he ratio of solids : milling
nebbles : water is usually chosen to be 1 : 1 : 1,
The blend is to b2 wet zround to thae grain size of
2 to 3% rest on 0,063 mnm inesh sieve (10,0000penings
per sq.cm), The slurry then is o be poured from the
small drum mill over a checking sieve with mesh sizes
of 0,2 to 0.315 mm; the slurry is then to be dewatered
in a suitable way (in a bag made of filter cloth, in
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Picture lige 2 ~ Thermal Bxpancion of a Lime-siliceous
Wall Tile Body and Threc Glaces with

Different Coeficients of Theimal
Expansion

Al
0,501
0'250

——eeeclase A
0,15 Y - slace B
0,104
0,05

O 100 200 300 4C0 500 600 700 °C
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Picture No, 3 Thermal Gxpansion Coeficients
. of the Body aud Glase Are Iqual

Picture No, 4 Thermal Fomansion Coelicient of
the Gleze is Hirner than vhat
of the Bodye.

The Tile Is Conceva,

"Picture ilo, 5 Thermol Bxpancion Coeflicient of
) the Body is Higher than thati
of the Gleze,
The Tile In Convo:iz,

Ay
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a dish made of plaster, etc.) and dried in a driexr

to the residual moisture content of 6 to 7% or dried
completely to 0.5 - 1% moisture content, In the laiter '
case the dried-up blend is to be wetted witn 6% of
water, The blend is <o be cxushed e, g be means of

a wooden or metal roller and screened through 1.5

to 2 mm mesh sieve to prepare the blend for pressing
which is advantageous to be kept in a closed polyothy-
'lene bag for ageing till the next day., The blends
having 50 been matured are to be pressed in a
leboratory or industrial press under the pressure of

20 to 25 HMPa into 150 x 150 x 5.7 mm wall tiles.

It is advisable to keep to the wall tiles thickness
within % 0.2 mm tolerance since any different thicxmess
of the wall tiles may affect the test of the zlar~e
registance to crazing. Bending strength after pressing
is to te determined by testing one or two well tiles.

¥all tiles after having been pressed are to be
measured, stacked on a refractory plate and left
dried in the open air till the next day; then they are
to be put into a cool drier in which the temperature is
to be increased gradually witnin 6 hours to 110 to 120°C,
The dwelling time on this temperature should be at
least 4 hours,

The wall tiles having been dried are to be charzed
either into the industrial kiln or into the small
laboratory one so that the stack should be heated
uniformly from all sides., The temperature is to be
raised at the rate of 80 to 100°C per hour up to
the temperature of 1060°C at which the dwelling tiine
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is to be 1 hour, The kXiln is to be then switclhed
off and left to cool down freely, Wien the tempera-
ture drops below 500°C the ventilating openinss

may be gradually opcned (if they are pirovided at
the kiln) or the kiln door gradually opened vy
pairts, After the well tiles have cooled down they
are to bz ta:en out ‘from the kiln, measured and
checked for crazing., Hair-line cooling crack

can be made more distinct by painting them with

a water coloured by methylene blue or by sound whean
wall tiles are knocked on., The curvature of the
face area is to be determined on five marked wall
tiles to judge the curveature due to the glaze aflter-
wards,

The wall tiles free from any defects are to be
glazed with the glazé envisaged for porous wall tiles
manufacture, The glazed wall tiles to be fired are
either charged into an industrial kiln ox put iato
a sagger'with which they are put i:to a lavoratoxry
kiln, The temperature in the kiln i1s to be incieased
at the rate of 100 to 150°C per hour till the glost
firing temperature is reached., Yhe maturing time of
15 minutes on the max:mun temperature is to be cihosen.

The wall tiles having been fired are to be
checked for dimensions, curvature of face arecs,
rectangularity and curvature of face edges. The wall
tiles then are to ve divided into three groups:

-~ the wall tiles of the first group are to be tested
for bending strength and after that the halves arc
to be tesied for water absorption;
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- the wali tiles of the second group axre to be tested
for resistance of glaze against crazing according to
Harkort;

- the wall tiles of the third group are to be tested
for resiStance against crazing in an autocle ve ox

for changes of Tace area curvature by boiling. The
coeficient of thermal expansion ¢an be determined,
$00.

~

f£) Evaluation of tested blends

The propertics of the fired wall tiles found
out are to be evaluated as follows:

The dimensional stability cai be found out Ifrom |
the dimensions of the fired wall tiles, from the curvature
. of the face edges and from the rectangularity., The
difference between the dimension of the edges and the
- dimension of the mould should not exceed minus 0.5%.
Dimensional deviations and curvature of face edges
must not exceed the respective Quality Standards,

The harmony betweeir the thermal expansion of the
glazé and of the bisque can be judged from the dirfference
between the curvature of the face areas of the fired
zlazed wall tiles and the curvature of the bisque face
areas and also from the resistance of the glaze to
crazing when subjecied to the Harkort' s test.
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The change in the curvature of the face area
of the glazed wali tiles ogainst the curvaiure of the
bisque should be at least + 0,15y, i. e. “owards
convexity., The resistance of the glazc egeinst
crazing according to ilarkort is required to be at
least 150°C for white Zlazes and at least 12.°C
for coloured glazes according to the most Standards,

By the testing in the autoclave the resistance
of the wall tile bisque against the expancion due
to moisture expansion is to be found out. “he product
of a pressure and exposure time is usually given
different, the mcan value is 0,5, i. e, 3 hi's at
0.3 kPa pressure or 4.5 ars at 0.2 kiPa pressure,
If no cracks occur on the wall tiles aftei he
aforesaid exposure in the autoclave the bisque
moigiure expansion is 2ll ri:nt,

IZ no autoclave is available the noisture
expansion may be judged from the change in curvature
of the face area of the glazed wall tiles after
firing and aftexr the absorption capacity has been
determined the latier imust not exceed 0,20% value,

In case the resistance of the glaze againat
crazing on the developed bisque is high, the wall
tiles are convex , the bisque shows no shrinkage
but rather expansion as against <the imouléd éimension
and aigher number of the wall tiles (more then 10.)
crack during the firing, it indicetes that there is
to much free silica in the bisque. Therefore, the
addition of silica component should be riade suzller




and the decreas: is to be substituted by breakaze
or by a slight increase of the plastic and
calcareous components., '

&) Adppiation-of blend composition to_achieve the

required properties
~

The following corrections in the blend
compogition are to be made according to the
values found ovi during the manufaecture of the
test wall tiles. - ot

If the strength of the pressings and dried-up

. pressings ig found low (below 0,5 MPa) the plastic
componeat proporiion is to be increased or the less
. plastic clay or kaolin should be substituted with

& more plasiic clay while keeping the ratio o the
main oxid2s in {the blend unchanged.

If wall tile siwinkage after drying exceceds

0,3% or cracks occur during the dryfag the proportion
of the plastic comporent siould be decreaseld or The

0 too much plastic clay substituted with a less plastic
one, lience, tlic requirement for r sufficient strength
aftesr pressing and drying is contradict- vy to the
requirement for the low or no shrinkage by drying
and resigtance azainst cfacking. It is, therefore,
necessary to choose a suitable compromise between
these regquirements, '
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i+130 conradictery is the requirement for a sui-
fic‘ently high coeficient of thermal expansion of bisque
and o —esistance against cracking of the bisque during
firing., Sufficiently high coelficient of theimal expansion
of bisque and, thereﬁy, sufficient resistence oi the
glaze against crazing require an increased convent or
silica component in the bisque which, however, maxes
the bisque more prone to crackiwg during firing
especially auring the cooling phase.

I'nless a suitable compromise can be found from
the raw materials being available tc¢ meet the boch
requirements, the glaze resistance ggainst crazing bveinyg
Jjust at the required limit or slightly above it and
decpite that the wall tilec crack during firins it m=-

be useful toc choose a calcareous-maznesium type body

instead of the lime-siliceous type body. The calcareous-
magnesium type body having sufficierntly high thermal
expan “ion is enough resistant agzainst cvacking but on
the account of slizhtly higher shrinkage. In suc: a case
a part of the celcareous component is to be substituted
wit ‘@ eaicaieous-magznesium cne (dolomite) so as the
Te.. of Cal : A1203 should remain unchanged for the
formation of anortite (according to chemical modulus C)
wiile the content of free silice is to be deereased by
the amount of the Lig0 coantent,In such a can«y iOvever,
slightly higher firing; shrinkace - about 1% - should
be.actepted, ilevertheress, the bisque will reach sui-
ficiently high thermal expansion and resistance against
cracking during firing end the shrinkage should be
compensated by a lsrger size of the presing mould,

i
¥
1
H
!
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Calcareous-maznesium siliceous body shows also
. a lower moisture expansion than the iime-siliceous
one so that it quaranties a resistance against crazing
while tested in the autoclave whereby it ensures that
the zlaze will not craze on the finished tilingz duiing
its entire lifetine, -

h) Verification_iesis

When the wall tile body has been adapied accordin:;
to the above mentioned principles so that it has the
required properties in ;reen state, during firing and
after firing final verification tests may be cummenced.

Pollowing the final adapied recipe at least 200
to 300 kg of the blend is to ve weighed and charjed
into the drum mill or in several batciaes if the drum
mill capacity is lower, as the case may be., If no
laboratory spray drier is available the ratio o?f
solids : water : mill balls 1 : 2 : 1 is to De
chosen. In case the pressing clay 18 dried and
prenared in the spray drier liquefy.ng tests are to
be made first to achieve good fluidicy of the slurry
while the solids content in the slurry being at
least 603,

The body is to be milled to 2 -~ 3’ rest on
. 0,063 mm mesh sieve (10,000 openings/sq.cm), dis-
charged over a checking sieve with O,1 nm aperture
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size and dewatered in the spray drier to 3.5 - S
noisture content whereby the pressin; blend is
obtained -directly or in a filtexr press zud subdscquent
drying; and preparation of the pressing biend in a

pan mill with a screening pati with opeuin s of

2 to 2,5 wm diamaecter, Whe p-essing vlend Iron the

pan mill snoulé have a unifoim 5 to 64 rioisture content
and its granulometric composition should not contain
any larger proportion of particles below 0,2 mm.

A too fine blend cannot be well deaerated duiing
pressing thnat may resuli in a Tormation of a laminated
structure of the pressin:g caused by piessed-i: air
whichh could not have been relecased in tiue from the
mould during the deaerating strole of the nress,

Vall tile samples are continuously tgken during
the pressing process to deterniine bending; strea;th.
The pressing force under which the wall tile has bdeen
pressed is to be recoridrd at the same time to Tind
out tae optimum pressure undexr which the wall tiles
possess the highest stirengin, no signs of laminaxr
structure and no sticking ol <he nass to tlic piress
punch occurs,

The pressced wall tiles are stacked into
columns on fireclay plates and lelft Zor drviang
in open air till tae next day, ‘‘hey are charged
into a drier the next day in whicih they are dried
up slowly to final moisiure content below 0,5,
‘*he dried-up wall tiles arc also tested for bending
strengsth and the wall tiles and their dimensions
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are to be checked for cracks occurrence during drving
and, if necessary, ther are inspected by mecans of
painting them witi kerosene,

The wall tiles then are to be charged foi firing
after which their diwensions snd beading strength are
to be found out., The water absorption is to be
determined on the about halves of the wall tiles.

The same samples are used to determine their bending
strenzth, The other wall tiles are to be sorted and

the number of the cracked ones found out after Tiring
should not exceed 10%, ‘'wenty wall tiles are to be
marked and the curvature of their face areas measured,
All the undamaged wall tiles including the marked oanes
are then glazed and Tired at the temperature for waich
the slaze has been composed (960 to 1020°C), At least

a 100 wall tiles are to be measured after firing and
deviations from the straishtness of the facc edges,
from the rectanzularity and curvature of the face areas
are to be determined, These values are to be evaluated
by mathematic—-statistical methods., The dimension of the
pressing mould for the future production is to be
"chosen according to the ratio of the pressing mould
dimension to the mean dimension of products so as

the products should coriespond to the iequired
dimensional accuracy.,

At least twehty wall tiles eacn are 1o be used
for the determination of bending sirength, resistance
azainst glaze crazing by Harkort'é test and resistance
against moisture expansion by an autoclave test,
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‘‘he water absorplion is to be determined on the sane
wall tiles used for the bending test,

If all the test results corvespond with the Quality
Standards the developed wall tile body is coasidexred
tc be satisfactory and may be recommended for the
start of the trial production. In case some of tae
wall tile paramet. rs are unsatisfactory an adaptation
is to be made in compliance with the above mentioned
principles and the verification test is to be repeated
till the wall tiles pioduced conform with the quality
3tandard in all aspects,
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‘the plastic component of bodies of this type
is usually formed by ball clays which yield usually
a porous light-coloured bisque after having been
fired at 1200°C tenperature, These clays are charace
terized by the following chemical composition:

loss on ignitioa 6 to 15%
silicon dioxide _ 3102 50 to 75:-
aluminwa oxide !x1203 20 to 38
ferric oxide Fe203 1 to 2%
titanium dioxide T102 0.5 to 2%
calcium oxide Ca0 up to 3%
maznesium oxide Hp0 up to 2w
potassium oxide K20 up to 2%
sodium oxide ;ias0 up to 2w

From the physico-techmolozical point of view the
requirements on the plastic componeat iclays) are
sinilar to thosc for bodies of lime-siliceous type,
i, e. sufficient strength after pressing and drying
and resistance against cracking during drying and
Ziring.

Pired kaolin or ball clay and fired vreakase are
used as a non-plastiic componenti for this type of wall
tile body since the content of silica (as an unbuint
grog) in the body is limited. Kaolin or clay [roj
nust be fired at tlle bisque firing temperaturce at




- 44 -

least and its average water elsorpiion arf
sould range bveiween about 10 au:d 15,0, e L2zt coi-
suniption o2 this iype of body ig 5iill incroascd o Lo
Tiring of zroz.

“he wall tile bodr conposition proper ¢ Il
kaolinitic type is as follows:

ball clayrs 35 to 55
bured kaolin 30 0 50,
fired breakaze ireject) 5 to 15%

Infornative body composition testing is to De
carried out in a simile: war as in the case o7 {le
lime~siliceous wall tile body while only tihe bisgquco
firing temperature is about 1250°C,

riie kaolinitic type wall tile body has a lower
coeficient of thermal expainsion than the lime-siiiccous
one because of the lower conteints of silica and Tlures,
Therefore, to secure the jlane resistance to cracing ,
glazes with a lower coeficient of %tuermal exrpansion
are required having always a higher firing tenperature,
i. e, 1030 to 1120°C.

If the test resulis of wall tiles made of <the
experiniental blends do not meet the requirenents the
following coxrrection in the body composition is to be

made:




If the wall tile glaze has a low resistance
azainst crazing (Harkort' s test) the content of silica
in the body should be increased either by using clay
with a higher con .ent of 5i0O, or by adding raw kaolin
or silica sand.

2

If the bisque has a low strength or high water
absorption after firing a more vitrityin;; clay is to ve
used instead of purely poious clay after firin;; or
fluxes are to be added into tihe blend suci as a nixtue
of feldspar and dolomite milled beforehand,.

Bodies of this type show rather high shrinkage
and, therefore, the products made of those boiies are
to be either calibrated after hisque firing or they
are to be measured afier glost firing and sorted
according to their dimensions,
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4, Semi~siliceous Wall Tilgugpdies Coriposition

Wall tile body of this type has a slightly hisher
coeficient of thermal expansion than the kaoliniti~
type body and, therefore, glazes with a lower zlost
firing temperature and a higher coeficient of theirmal
expansion than those of the kaolinitic bodics can be
applied in the production of wall tiles.

It is advantageous to use clays with a highex
content of silica and feldspars as a plastic componcnt
for tuis type o2 a body. Otherwisge, raw kaolin, silica
sand or other siliceous raw material such as pegmatite
are usueally added,

Practieal composition of this body ranges as
follows: '

plastic clays (or siliceous ones) 35 to 50%
fired kaolin or el 10 to 30..
raw kaolin ' 15 to 25
pegmatite 0 to 15
fired breakage (reject’ 5 to 15..

Testing of the body composition is carried out
similarly as of the lime-gsiliceous body conposition.
Same principles as for the kaolinitic body are appl_.cable
in the adaptation to achieve the required pioperties,
i. e. when glaze resistance to crazing is low the S5i0,
content should be iacreased by adding a silica -
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coulpoitennt or to substitute a clay o lower silica coute::d
with a clay of higner silica content, Uitless thic re-

quired strenyth or vater absorpiion are obtained nwore
’ fluxes arc to be added oxr thie bisque firing temperaiure

increased.

This type of 2 body shows firing shrinka;
and, therefore, it is noccegsary to take the calibiration
o the bisque in%o accouut to obiain coustiant sizcs of
the products or to sori the finighed products dimension-
wise to jet yroups of pioducts of nominal sines, Thic
- type of a body is alco nlore sengitive to moisture
~paasion wherebx the glase resisivance o crasing alter

wall- tiling is decrceased,




5. Feldspatic Wall ©ile 3Doliecs Coiwrositior

applied Jox thic troe o
binque and glased roject ave ucel g riredrgrol i odnr
vo be utilized econonically, llastic DOl colmonnLm

suitable foxr thin purposs ig siwilar to ot

sciti~giliceous iype of © woidy, i. Q,

a i
with a aigher content o7 silica or feldopars slijivly
FItrifying at the Liseue Jiring tonporotura, .oooul

105 of feldspas or a p“oportloually aihcx awunit ol
peiaatite are added

a:d an adrissible abs

body can also be a-pliad fox "ock;“v Hakling e

. he typical bdoi

a o
to the use 02 feldsnar or pe;miative is as followus:
! _ RIS

nlastic siliccous clay 40 %o 50, 45 $o 555
rawv kaolin 25 to 355 "15 ©o 25.
feldspar _ 5 %o 15.. -

pegmatite - 10 to 35%.
104 5 to0 10,

[
H
©
o
E:‘
)
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o]
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o
e
o
Q
<
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o
o

vhis tvpe ol a body shows usually a very low
drying aad firin; 91"'1ka and, nence, no caliviation
o biscue or dimensionwise soriving wmust be necessarv,
ilowever, the bLodly is prone to noisiure cxpencion and
there can be a risk of glaue crazing on a sinisghad
wall {iling particulaxrly if it is not in a perfectls




dry envirommeirt and il the body composition is not

peiTectly balanced to the firing teriperature. another

disadvantage ol this type of a body is its rather iin '
tendency towards ciacking: during firing bota ia the

ilcating as well as in thc cooliiy, zoaes witain tie

temperature rang;e of the reversing modification

transformationg == Bsilica ai avout 573%°C. wherclore.

it is csscntial to pay attention to the I iy curve,

lest sudden tempeiratuirc charpes siould tale place

in these zoilcs.
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ILized sSiliceous Wall ‘file Dodies Composiiion

N Saas Al s s sses s e aa - e m oo -

his type or a wall {ile body shows a comnsiderablc
dimensional siability auad neither calibratioan ior
dimensionwise sorting aire jenerally required. -’lasiic
clays containing silics and/or cven Teldspars arc used
as rawv naterials, ilav kaolin, silica sand or otihew
sil}ccous raw material aire tine - vher coiponents isod
foir its preparaiion, Unless the clays useld coatain
caouzh feldspais about 2 to 3% of feldspar or 5 to 10w
of pegiatite are %o be added. About 8w 0 linestonc

or identical quantity of dolomite roiw another coilpoilent

of the body. This type o a body does uot jencially
show any teandency towards an excessive noisiure
exzpansion. Mixed siliceous body can alzso be applied
for crockery uailing.

Pestiug of raw materials suitability aad vody
conposition is to be carried owt similarly as in the
casec of lime-siliceous body. Unless the required
propertice arc ovtained the adaptationgio be wade are
analogous to the other types ol bodies, ‘Vhen ihe slaze
iresistance to crazing is low the silica content zhould
ve increcased either by usgiag clay with aigher silica
contei © or by increasing thc addition of a silica
component, Ii1 case of a low girenyzth or hi;n waicr
absorpiion the proportion ol lfeldspar or pegmatite
ohould be slizintly increased o the account of tiac
silica component aud thac addition of limestoue or
dolomite is to be little incrcased, too.
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This type oi a body, sigpilarly as the foregoia;
one, iay &8lso be proiie to craciking in the zZone of
573%¢ tamperature due vwo the nodificaticen transior-
mation and, hence, attention is to be paid vo the
firing curve, '

The typlcal body compositions of mixed .iliceous
wall tile bodies depend:ag an the use cither of siliua
sand or raw kaolin is specilied as follows:

a). b) , ‘
plastic olay 40 to 50% 35 to 50. N
silica saand 30 to 35 -
iaw kaolin - 30 vo 40:.
feldspar 2 to 5% 2 to 5.
lincstone or dolomite 5 to 10% 5 to 10..
5 to 10

breakage (reject) 5 to 10N

AS
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. L ~0 e el vile Dody may couke inve
consiforation orly Lhire oron iain raw aeverigl -
veleui of sudilcliant ouiiss L= available,

e conmogition o Uil body g very siiinle,
£orout 20 to 250 o nlastic clar and 79 to 0. o
salet are UsChe 4T L3 accessory to Jind a suitable
laz: Jor Uhis bHe7r. Suclhi a lase siould show rather
low coelicient o7 {ihciniel exponsion witiy a snfliclent
Tegiotancee agingt creniline wWihls Troc ol o Dody IS 0w
DIolie T0 H10LSUIIC 212l 3100,
j
nless suitalls lase c:uld be Jound Jor this .

. Dol iU nay e nrc2sIary to Swiich over nolily or
commmlnvely o thav vrpe ol taleitua boldy, s;own wader I

. i the Wavle e 1 which: nas a aijher coeliclent of
tirerimal erpaansion. Yhis can be achieved vy subsvituting
¢ navi of the talciul Ly a clay of aipher silica content
ox by adding; Tavr lkaolin ox anotier silicocus conpoaeint
with ar addition o) suall aiount ol a fe tic raw
laserlol  ar.d linceouoiit.

“ae trpical conpogitvoons of talcum wall tile
nody 1o ghow velow:
Le 1.
Pla~iic clar wall clazy, - 20 to 25,
Plaztic siliceous clax 45 o 604, -

’ Pellspar 1p o 3% -
Liuegtone (or dolomit<:, up to 2% -

. Naloun 40 to 45 Th o CO%

TR

to 1

e

0 %o 10,




- 53 -

Wollastvonitie Wall #wile 3o Composition
.CWal 22 1P L

—. s e aa - - “a s s o w- ;.- ‘..

e occuirence ol a naiur 31/3 - wollastoaite is
a prerequisite for thas wamuifaciure of this type of
wvall tiles. In scile countrics even syntnciic wollasto-
nite is used but that would be rather unecoizoinical

[

foxr the manufactiurc of double-iired wall vilces.
Syntuetic wollastonite as raw material for a wall
tile body is cnielly uscd in the. manufacturz ol
one--fired vall tilce

he bazic couposition of the wollastoniic wall
tile body is wvery siuplce - 25 to 40% of plasiic clay
and 60 to 75, oi wollastonitc,. Unless a suitable [laz:
witlh corresnondin; theitial aommansion would ba
available for tiig Trpe of a body thae coeficient of
thermial expansion o the Dody should Le emhanced

by the addéivion of a silicecous coiponent or by using

a clay witi nigner coutent ol gilica.

Typical composition of iwollastonite wall tile

body is as follows:

plastic clay .siliccous; 25 to 40,
wollastonite 60 o T5.
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IV, CO:CLUSIO.’S

The presented paner ;jives a description of
practical composing of bodics for porous wall {iles
S0 as their propertiiee should correspond with the
respective qualily Standards and, owing to tlheir
appearance and utility value, such wall %iles saould
cnhance culture of living.

ve

e d

It is not tie aim of this publication to i
any theoretical justification ol vasious ty»nags o
‘bodies since it would become too e:riensive, Desides, <
vice theoretical principles oi composing, bYodies Jor
viall tiles can be found in tecimical literature, ’
articles, publicatiiong, etc, : {

he p:r.bolication docs 10t cover [lanes for
various types of porous wall {tile bodies eitler
because waeir wall tile manufacture is to be iuplenc. sed
in sucihh places viacie they harve notv yoet beoir wade it
would he very {ifficult o start the manu aciuie of
frits aad plazes Jor wall tilee, too. Hence, it is
nmere advisable to approach some world niaaufaciurers

o2 irits and jlazes Jorxr.supplyin; a suitable type ol
a slaze for tThe particulayr itype of a body whiclh ic .~

cnvisaged to bc made in compliaiice withn tihwe 1aw
materials availablc,

On tie otner hand, the publication gives, ia
,a popular way, ai: instructioi how o veriiy local
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inon-netallic raw naterials in view of taeir possible

. cxploitation for the wanufactuie of wall tiles in
developing and the lcast developed couwmtrics, '
. It shows main {ypcs of body coupositions while

itransiting types of coipositions can be created in
accordance witiz local raw naterials,

It is an aid for all iechn:cal schools, labora-
tories, iastitutes, coansulting coapanies, aining
iirms o non-iietallic raw .aterials and ccaaiiics
manulacturesrs intendin; to utilize local raw uaierials
for an indusirial dezelogment.
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V. LISY OF TABLiS A'D PICRU.u3S
Pa;c

Lablc ilo, 1

Basic Types ol Porous \lall Tlle

Bodies Accordin; to tic HMincralosical
Composition 6

fable Hoe 2
" - - Conversion of the Chemical
' Couposition of Unfired Body into
the Mineralo;,ical Composition A ‘ 7/

Piciure lios 1
’ Blgou 8 Curve

¥
<

. > Dicture Ho. 2

' '  dhermal Lxpansion of a Lime-Siliceous
Wall Tile Body aad Three Glezes with
DifZerent Coeficients of Whermml
kxpansion 31
Picture Hoe
Thermal Expansion Coeficients of the Body
and Glazc Are lqual 32

Picture ilo, 4

Thermal Coelicient of the Glaze

is Iizher thai that of the Dody,

‘the 0'3.lc is Concave, 32
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- Picture iee 5

Thermal bxpansion Coeficient of the Body
is Higher tha:: that o the Gla:e,

‘‘he Pile Is Convexe.

»

32
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