CHAPTER V

UTILIZATION AND BENIFICIATION POTENTIAL

Owing to some important intrinsic properties of the ball clay, notably, high
degree of plasticity and high dry strength; low dry shrinkage; white- with exception
of some rec-ouming, the bell clay is therefore an established and integral part of
ceramic industries. Generally, the ceramic product can be classified into 2 mam
categories, namely, the “high-value™ ceramics, and the structural clay products. The
“high value” ceramics incluce earthenware, porcelain or chinaware, stoneware,
sanitary ware, wall and floor tiles, refractory, and electrical insulator. The structural
clay products embrace brick, roof tile, and etc. Besices, lower grade bell clay is
increasingly finding applications as sealing materials for landiill waste disposal sites.

At present, the Mae Than ball clay has been commercially exploited for
ceramic industries, i.e. sanitary ware, wall and floor tiles, porcelain, and electrical
insulator. For the whiteware manufacturing, the essential properties of clay used are
its workability, plasticity, and ability to be white buming to give a clean body. To
obtain the best properties, ball clay and china clay are usually mixed together in
blends to attain the optimum combination required for the specific type of whiteware.
Commonly, the ceramic ware composition in terms of ball clay weight per cent of
total solids are as follows  sanitary ware 20 to 30 per cent, wall and floor tiles 30 per
cent, electrical insulator 30 per cent, and porcelain or chinaware 10 per cent.

In order to determine the appropriate utilization of ball clay, a number of
important properties must be taken into consiceration.  These properties are
chemical compositions, grain size distribution, modulus of rupture, fired shrinkage,
water absorption and loss on ignition.
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Chemical compositions
Aluminum oxide (Al203

The alumina content of the ball clay is essentially important in the
refractoriness and witrification of the ceramic end products. The higher the alumina
content gives rise to the higher refractoriness as well as the higher vitrified
temperature. In general, the alumina content of the ball clay varies between 17 to 36
per cent with an average of 30 per cent.

The Mae Than elude ball clay has the alumina content between 19 to
25 per cent with an average of 21 per cent, whereas the -45 micron grain size fraction
contains approximately 19 per cent aluming, and the -2 micron fraction contains
approximately 26 per cent alumina. Upon comparison of alumina contents of the ball
clay from the Mae Than basin with those from Devon and Dorset of England, there
are compatible (Fig. 5.1).

Silicon dioxide (SiC>2)

The silica content in the ball clay represents both the free state of
crystalline quartz and the constituent of clay minerals. The effects of free silica are a
reguction in plasticity, drying and firing shrinkage, fired strength, refractoriness and
increased In thermal expansion.

Generally, the total silica content of the ball clay varies between 47 to
69 per cent with an average of 55 per cent. The total silica content of the Mae Than
crude ball clay varies between 70 to 77 per cent with an average of approximately 74
per cent.  In addition, the -45 micron gram size fraction contains approximately 71
per cent silica, and the -2 micron fraction contains approximately 61 per cent silica.
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Upon conparisn of the total Slica contens of the kel dlay fromtre
Ve Then besin with those from Devon ard Dorset of Efend 1t is roted tet the
total Slica.content ofthe Vée Trenlcall day is sighty higrer (Hg 5.2).

Total iron oxides (Fe203)

- Tretoid irnoacks of the el day are cernvad rmaaerd \rietes
of Ironaxioks, SUtficks, cartoorates, hyarodcs, aralsilicates, 1. megetite, enite
oethite, pyrite, sicente, ardlete. (Lawrence adl West, 1980). Tre iron oxicks are
\ery SLBceptitle to oxcBtdon-recl.cion reectiors, ardl e effects of femic ace and
ferros oick are \ery differert. The femic aick is red incolour ard s regoonsile
forthe varioLs shecks of the red ooloration (Lawrence and VA, 1980)

~ Gurerally, thetotal irnaxioes of tre kall day very betnen 09 t0 23
e cart withanaverege of 13 per ot Tre Vee Treneluek (el dlay fes the total
Ironaxicks etween 084 to 19 per cart with an averege of 129 per cart, wherees
the 45 mioron grain size frection contairs approdrately 10 per cent tre total irn
m@adh-chrmfraﬂmwtamm 150 per cent the totd iron
0

Upnon companison of the total iron oaks of te (el day fram tre
Vee Tren besin with those from Devon ardl Dorset of Brgland 1t Is aperert the

trey are conpatitle (Fig 5.2),
Titanium oxide (Tl@)

 Tre titaniumoxick oontent of the kall day is essrtially aontrituien
from tre mredl aretase, TG, Tre presarce of ftanium caLsss tre yellow
coloration ofthe cevamic and prockts
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Garerally, the titanumaxice of tre kall day very betwen 08 to 17
e cent with en average of 12 per cart. The Mee Then oruce el day cortairs
tanumadck betveen 053 10 0172 per cent with an averege of gorodnetely 062
(e e, Wheress the 45 mioron size fraction contairs 058 per et ttanumadce
ardl-2 mioron fraction contains 0.50 per cart titaniumaxice

Unon cooanson of titanumoxick contart of te Mie Tren oruck
(el lay with those fromDevon ard Dorset of Erglard it is infevesting to rnoted tet
tre Vée Thencruck kel day hes exceptiorally loner contert (Fig 5.1)

Alkalies and Alkaline-earths compounds
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Uoon cormpartsin tre cortens of alkalies and alkalineartrs of te
ée Tren oruce all day with those from Devon and Doret of Brglard it is
Intevestiny to roted thet they are very conpetible inoed (Fig 5.1),
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Grain Size Distribution

The grainsize dstrbution of tre ball dlay can e reported ether by the veigrt
peroentage coarser or finer tren speafic grain Size dianetre, 1e, +125 morn +53
micran, -5 mioran, -2 icran, -1 miorony and 05 moran or by tre weight per cart
oftre resce onsiews, 1, 10men 20 nesh and 35 neh

 Garell, e gn S ey chemis te ity ad e
recpirenert: for gnncing of tre el day for speafic uliztion In alnvost all cases
trefirer tre grainsize, the higher plastioty is cotained

Unon conyearison of the grain Sz distrioution of tre Vee Tren cruce el
day with these from Devon and Dorset of Ergland 1t is noted thet the coarer
[evtie Sizes are conpetible, kL the firer pertiole Size of the Vée Then kall day is
Infevior to those of the Erglish kall dlay (Fig 5.2).

Modulus of Rupture

The moclius of rupture of alll day s cifined e te velLe of the madmum
frarierse Stress et frecure ina three points test for oylinotical kers procLed and
testedl unckr-the Specried! corcition

Bl days are rotedl for their h whichis aesdin
nﬂayhﬂesa{a?dmayrdlmmir?\qﬁgrym% ﬂ“edy%ofttﬁtﬂl
dlay, commonly cefired s e ockdus of rpture, cipencs on the proportion of
“tlay sLstance”, on s fireness, on the echangesble cations, and on the anunt of
tre orgpnic etters prest

~ Uponconarson of the modis of ructure of the Ve Then aruce ball day
with these of the Ergfish [all day; 1t is perert thet the rockits of e of tre
Mee Trenlall day is muchinfeiar to ﬂ*eaﬁljlsh (el day (Hg 52
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Contraction

Cortraction Is tre W chorese In davetre g fing - This
nqmycbtmmﬂnnddrgo tre raw nvetevials for cramic IncLetry to fe
ropriatedl with the cesigned dmension: The higher the fired dhirkege mears te
ofer oontart of e firer partide sz

Anrost all tre Ve Tren all day saples showtret tre fired i

N e Mee Trenil oy ﬂﬂﬁﬂs
\(/\I_llhrétge conpetible range with tre Bnlish [l dlay fromthose Davon and
053

—

W ater Absorption

\\ter atsorption after-finng a & specified! nonral tenyereture is cifined &

thewd ofwater ackorbed by atest piece Wiy the spearfied
mmnmm ettt L T e

The weter absorption after firirg directly reflected the pemveehlity and
%retsi.ty of tre ceranic end procLats _ﬂe%ymw e of te bai[rday.

hicfer watex abeorption meers the higher permveehlity ard porceity &5 well &
tre hiofer vitrified EnpEre

Tre Mee Then tal day shons the relativell loner weter atsorption &

ooneredl ith these of the Engish kall diy from Davon and Dorset. This is e
SUerior property of the Mee Trenlall day (Hg 53

Loss on Ignition

The loss on igrtion cortart of the el day ervoraces the orgpinic carton tre
cartrete cartn, the total wtey, andlthe total Ui, The loss anignitionof the
clay incicates the vieight loss Lpon finng between 100° to 1000°C
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Garerally, the loss on ignition of te el dlay veries between 47 to 145 per
cent with anaverege of 1024 per cart. The Vée Tren cruce el dy cortairs the
Jo5S on igrvtion betieen 5,6 10 75 per-cent with anaverage of aporodately 61 per
0er, Wreyess the 46 micron iz frection cortairs 5.73 per art te loss on ignition
andlthe -2 moronfractioncontairs 7.75 per cart the loss on ignition (R, 5.3)

Inorcer to concl.ct tre Lllization potertial studly of the Vée then kel iy
adettammsmmmqnmbtomrmredﬂmn%atpmmgoftm
Trenball clay with the cormercialized “orld dless”™ Ergfish il clay from Doret
adDavon Tre following conclusiors are reeched onthe assessirert

) With respedt to the cremicd compostion, tre Ve Tren el day are
inferior In tre too high tre S... content, rockrately low in te ALQ. ontent,
competicle in te FeC oontent, ardl mockvately low in tre s on igrtin
Honeve, the Vee Then [all dlay hes tre supenior cpality with respect to refetnely
lowtre TIC. and alklies contents.

0) Regprciy the gramsize it tion pettemofthe Vée Trental dy itis
oted tret the coarsegrained fraction atowe 35 nesh is dlightly hich to too high
mﬂeﬁmgarsdfraﬂmbelwﬁmlstoo low These are the inferior

ty.

0 Tre Intems of tre mooLiLs of oftre Me Trentdl
day isto)o m%%m mqﬂqmr;pue

~0) Tre fired shvirkege of the Vee Tren el day is mockretely low and is
consickred to ke the suenor property.

) The vieter asorption of tre Mee Tren ball day s consicered to ke
relatively conyuatitle
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The companson of e | es of the Mee Trenfll day ad
Engisn ll mwmmzed n akjeﬁfm Y

Coraickyiry the utilization and bereficiation potertial of tre Mee Tren
dlay & assessed fromsoe inportart properties for e meminclstres, neanvely;
smary warg, fioor and vl files, storenare, and porolain (vitreows 0nina
IrsUiator porcelain) The following condlusion and reconmrenchtion are reecred

Sanitary ware

| The Infoortart properties wihich heve beentaken inio corsicerationare
casting rete, 1oss on ignition, moisiLIe, 1vockdts of e recle on siee,
colour finrgy 1 is noted thet the IVee Tren kel dlay auelity is cenerally sligrtly
loner trentre starchrd Specification for santery viare. Hwewer, 1t 1S recomencid
tret the refinirg of the all dlay by wet process in orcer to elimneted the sone
CBrse-gyained fraction corvtainec with tre aprpriate bencing of diffevent grecks of
(el dlay erol e clwatenng process will eneble the optinel explotation of the el
dlay fromthis cipost for the sertery viare inckstry (Tedle 52). The elimnetion of
sae coarsegrained frectionwill inforowe the casting rete loss on igrtion, ocLiLs
of rpture, ad resicLe onsieve. Besicks, the SIO2 content will ke recLoedl ard the
AIQ contert il e inoregseolautonvatically s recuired

Floor and wall tiles

The Inportart properties which heve besn taken info consiceration e
tre moobiLs of L, svinkegg, water asorion ardl the Fe.. oot Tre
nrost inferior property of the Ve Then tell dlay; es coneered with speafication for
floor ardl wall tiles, s too low In the mocis of e | IS therefore
recommerced et the cuality inprovavert of tre e Tren (el day can fe
chieved by lercirg withthe relativly firer grained el day otained fromaelective
minirg fromtre sae cioost (Take 5.3)




Tables1  TMECOMPANSNofsome properties of tre Ve Thenlall day andltre

Erdfish all day.
5 shidllday MeTrental d
_ Omfgﬂﬂ il oy 2
Si02 B
AQ X
D3 13
Ti02 12
Aldlies 312
10 104
- Gain 9z distnbution
+ e 060
+200 meh
+35 meh
<5p DA
<2p N4
<lp !
Q05p BN
-Moolsof Rpure. - 0%

- Fired shrinkage 1% 273
-Weerasotion:— 51728

412
DA
19
062
28
61

18
214
U2
1
3118
29
X

21
4%,92
116,02

Raatls

Irferiar; dligntty hih
Irfeniar; dligntty hih
Irfeniar; too high
Infevior, too low
Infenior, oo low
Infenior, oo low
Infevior, oo low

Irferiar; too low
SUerior, mocerately low
Coneidle
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ranle 52 Joecificationof bell iy for sartary viare conpared with tre Vee

Trentdll day (CraisamardNssapg, 1994)
Properties Sudifiction MeThntelldy — Revarks (4

- Cting e 254 82(49)), 44 ()
- Loss on lgrtion 11 5T
- MoistLre B () |
- VbcLius of Rture ol 8L .
-RedenSee(03 5 0759 t
-Qour finng whie \Whie 1
Taed3  peafication of el cay for fioor arcival tiles conpared withthe

Vee Trenlal day (CreisamardNssage, 1994),

Properties Juoficion MeTrentdlday  Renards (+)
- VbcLius of Rpure 15 21

- Srinkecg () 7 4%,92 }
- \\dter asomtion 113 116,02 t
-FeD3 12 129 t
Take54  Sporficationoftall d stamareoamredwmtrﬁl\/beﬂm
[l dlay ( GHSHanaKl
Properties Juoficion MeTrenkdlday — Rnars (4
- Loss on lgyrtion 1013 6l +
Tae55  Spearicationof ball day for porcelain comperediwith the Vee Tren
i3] da)((]"awnardal\lysaaﬁm]%ﬁl)

PromYties Judfiction MeThntdldy  Riaris (1)
-RsaenSee (204 1%() P |
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Stoneware

The inportant property which hes beenteken into corsickyation is tre
Joss on igyion thet 1S esartially goveming by the contert of orgaric atters
Besices, plesticty of tre tell day is % tre inportart recired propery.
Corackring tre Mee Then (el day; it s noted the (ot the loss on igrrion and
plestiory are Sty loner then Sanchrd spearfication for stonevere. Hnew, it
should fall withinthe exceptatle rance for the storevare indlstry (Taoke 54).

Porcelain (\/Itlmmma'd |rﬂja0’p]’(ﬁlan)

| The st inyportart property which es een teken into corsickyetion
|strere3|d,em5|e\mrrmr230rreshrrtexoeedlmrm For the Ve Tren
kﬂlda{ﬂﬁradﬁmsevenmnrzmredﬂs o aoorodnately 20 e

S therefore reccrmencid et e refining of tre il ciay by meers of wet
Process to eliminate the coprse-grained frection coupled with te prmesa

or oty milingfcky dlassiyng processes to ninimized e coarserained
essaﬁdlyrequedto neetrg*e Speorfication for porcglain incLetry (Teble 55)

ity kel d 3 per cart s Ld intre
m><esofﬂoor m%ﬁhes,wtrgﬁﬁmmy %maﬁlm%/

an Tre plastic das of loaer rack are tsad in g,
%aﬂumﬂmmﬁg aed%mrmmmgm%ﬁm
anidl feedl LS ardasﬁllemnnﬂaerardpiasﬂcs Last, the installation of a low
pemwhlnydaytﬂneratﬂetmofﬂﬁlardﬁll e et leeet 3 feet thiok (USER
or 10 metre thiok (UK practise), andl hene ahyataulic concl.civity of less ten
m% |S|meas|rg1y|rrm’ra1|flfﬁcb|mt |srrtf(ra/\ayfruntf*e

g

InTraland there hes been growth in procLction and cvand i tre e
five years inboth erergy and incl el mineraks, heegs there isa cedlined innvetal
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prockction and exportation.  This reflects the cevelopmert of arufaatunrg in
Thatlardl Tre fall day is arvorg ore of the nvost ective conrodties Ina coury,
Inorcer to presart acoepteble cualties of bell day to the et cariul slection
testing and blercirg to achieve consistent properties which ute e e of the
cLstoner st e unckvislen  Tre (el day musts e mined selectively fiom
IroivcLBl sears, el ten unceroes refining ard processing to prockce dlerd with
propertes suitzte for particlar market ard to optimze the eqalartation of verigble
%'m refining process of the bell dlay ains & procloing a dy free from
ImpLties with reesorebly constant dreractenstics
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