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SUMMARY
Background and ObJectlves

Large deposits of talc/albite rock are known at Gumeracha, about 30
kllometres from Adelaide. The deposits have been worked for low grade
talc. Alb*te feldspar impurity precludes use of the material for many
purposes.: Since feldspar is a commonly-used ceramic raw material,

'the talc/alblte material was investigated as a ceramic raw material
for the manufacture of once-fired, v1tr1f1ed glazed floor tiles.

This product was selected in order to assist and fe—establish the tile~

. making piant at Eiizabeth, currently in receivership,and also to promote
the use of the local raw material. ' |

| . '~ Summary of Work Done

Compositions -of bodies suitable for'the_prbduction of once—fired;

" pressed floor tiles using the fast-firing kiln at CTM Ltd, Elizabeth,
were investigated on a laboratory scale;' The effect of.fifing cycles

. was studied. Glazes for -wuse in such a tile were developed and '
‘tested

It was found that hlgh quality glazed t11es could be made using
fast firing methods.  The body composition.70% talc/albite, 30% clay
(Dreckows) ﬁas found to give good results when fired at a rate
equivalent to 1000 square metres per day at the CTM.Ltd plant.

Staining of the body to produce coloured unglazed tiles was
investigated but results indicated that bnly a small variation iﬁ
colour could be produced. Glazing results were satisfactory and a
range of suitable matt and gloss glazes were developed.

'> Conclusions ' ‘

The laboratory inves:iéatibns indicate that the talc/albite
material is suitable for the production of fast fired, vitrified,:
_ glazed floor tlles. The thermal shock- resistance properties ofb
this material are very good and indicate that considerably hlgher‘
production rates are possible compared to a traditional clay body.
The low firing shrinkage should lead to better shape and size
‘control. These and other factors indicate that talc/albite is an

attractive raw material for tile making.



Although stains were not found successful for unglazed tile
production, glazes’wereAdeveloped'to'prOduce a satisfactory range

of tile finishes.



1. INTRODUCTION

Over the past ten years the South Australian Department of Mines and
Energy has sponsored a number of laboratory projects designed to evaluate,
assess and characterize the large number of talc deposits within South Australia.

Results of this work, in conjunction with previous published data and
concurrent with geological investigation, have established that large tonnages
of low grade talc occur in deposits close to Adelaide. Unfortunately, due to
the variations of grade resulting from mineralogical and chemical alterations
within these deposits and the overall inconsistency and impure nature of the
talc, the material being exploited commanded, overall, a relatively low price
and restricted market. - ' '

One such extensive deposit at Gumeracha has been worked by a number of
companies for many years providing, at best, low quality cosmetic grade material,
obtained by selective hand sorting, and in general filler grade material.

A large percentage of the talc obtained’ from this deposit and from
similar deposits in the Lyndoch-Truro area- is' relatively unique in that the talc
is associated with the feldspar, albite. This association affects the general
potential industrial filler grade market of even unstained material unless it is
feasible to separate the talc and albite by simple beneficiation techniques.

Alternatively, a new market could be considered which would benefit from
the natural combination of the minerals.. This, the ceramic market, has-been
investigated in some depth over the past few years and it has been shown that
the talc-albite assemblage (hereinafter referred to as TALBITE) is a promising
raw material for ceramic purposes. Furthermore, new bodies utilizing a high
percentage of talbite have been recently developed that are suitable for fast
firing applications. : ~

v Over recent months one such body has been investigated with particular
emphasis toward its use for the production of once fired, vitrified glazed
ceramic floor tiles. This specific product has been selected primarily as a
means of assisting and re-establishing the Ceramic Tile Makers Ltd. plant at

© Elizabeth as a producing plant while concurrently assisting local -industry by

providing a new potential market for a presently produced product which does not
have full potential market penetration. . :

2. GENERAL INVESTIGATION OF THE CERAMIC BEHAVIOUR
OF TALBITE

Initially a number of sources of talbite were considered together with
two. plastic clays - one a red burning and the other a cream burning material
from the Meadows *and Golden GroveZ2areas respectively.

The talbite samples were analysed by X-ray diffraction and chemical
techniques and two sources were selected for a preliminary investigation into
the ceramic behaviour of various blends incorporating clay and talbite.

1 County: Adelaide. Hundred: Kuitpo. Section: 340E.
2 County: Adelaide. Hundred: Yatala. Section: 5470.
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The samples were selected on the ba51s of (a) they conta1ned the
highest proportlon ‘of alblte*and (b) they were “from curreﬂtly worked deposits.
The clays chosen for “the - 1nvest1gat10n were readlly avallable, being from
currently worked dep081ts, and” were kuown to have- good plast1c1ty and provide
good green and dry strengths to bod1es 1ncorporat1ng them. _

:::::

proportions 60:40, -70:30 and 80:20 and pressed samples were- fired (a) in -an
e]ectrlc kiln at a rate of” SOC/mlnute over a.range of . temperatures from 1050
to 1150°¢ and' (b). in a gas fuéled Walklng Beam klln to 1180 .C over a 2 hour
heating and 1 hour coollngtcycle.

'~x Ly . . PO R

Shr1nkages, water absorptlons and other general observat1ons were made
on the fired products.“

PR

' This work descrlbed in detall in a series of Prooress Reports Nos. 1-7
Project 1/1/179, suggested that blends of talbite and local clays could be used
to produce a series of porous and vitrified products under normal and relatively
fast f1r1ng cond1t1ons ‘at - .temperatures between 1100 and 11500C The results
obtained were suFf1c1ent1y encouxag1ng to warrant a detalled 1nvest1gat10n of
the possibility of produc1ng a definite product from talbite and‘the development
of a glazed and V1tr1f1ed floor t11e Wthh could be. manufactured under fast
firing conditions was "selected. ca e Gt e

I L

. 3. RAW MATERIALS . .
. " With due con31derat10n to locality and ava11ab1l1ty of a talc in a pre—
ground form, material from Gumeracha rather than the Lyndoch- Truro area was
selected for further investigation. The material selected would generally be
classified as 3rd or 4th grade talc on a basis of its yellow1sh—p1nk colour due
to the presence of iron oxides in the form of hematite and goethite. The clay -
was. the white plastic: clay used previously for the initial testing since this
generally produced bodies of lower water absorptlon than the alternatlve red
plastlc clay when fired at the same temperature.

- Results from a dr1111ng programme conducted over. the Gumeracha talc,
deposit, of interest herein,indicated that the albite content varied 31gn1f1cantly
from approximately 5% to 30% although zones within the deposit could feasibly
be delineated and worked to provide a product with a reasonable variation of
alb1te content. T

. Therefore the effect of a variation of the talc:albite ratio in the

. talbite on a high: talbite product required.initial ‘investigation. As the talbite

sample chosen for the work contained only 5% albite,a 200 mesh B.S$.S. soda

. feldspar, as marketed by Steetley Industries Ltd.,. was obtalned for add1t10n to
the standard talblte to .vary the talc alblte ratlo. e -

¢ Tt T
- Ve a A

’Analyses:of the talbite, feldspar and clay were‘aslfollows:
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TABLE 1

- Chemical Mineralogical and Size Analysis of Talblte, .i. R
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4. JCOMPOSITION OF TALC TILE BODIES AND FIRING’TRIALS‘

Bodies were prepared by holdlng the clay to talbite ratlo constant at ’

30:70 and by varying the talc to ‘albité ratio between 95:5 and 70:30 in 5
unit increments. :

- P

- It follows fhétrthe compositions of the bodies were:—

< 3238



TABLE 2
t =+ -Composition*6f T4le Til'e Bedies ™ & ¢
‘Body No. . _Clay % - Proportion ;‘ A Talbite’~' Final Body Composition
» ; : i,Talc:Feldspar in body ,

in‘Talbitef’ : o .Clay Feldspar Talc
TB2 30955/ 70 . 30 % 3.5 7 66.5

B4 - 30 . 90:107 70 30 % 7 ¢ - 63
TBS 30 85.15 70 - 30 "~ 10.5- 59.5

TB6 30 180320 70 30 14 56
- "TB7 .30 . 75:25 70 30 17.5° :..52.5

TBS8 30 70:30 70- 30 21 49

?' -
7

7 . g . . -

/" The bodies were’ prepared by weighing out ‘the quant1t1es of each mater1a1
required to; produce the final body compositions shown above and mixing these in

"a slurry at.50% sollds in a pebble mill. After 2 hours the.slurry was

discharged and drled followed by regrinding to fimer than 75 um (200 mesh B. S.S. )

A granulate .was then produced from the powder by addition of 7% of. water which
was rubbed through the powder., The moist body was passed through a 14 mesh B.S.
sieve to produce a granulate. Following a 24 hour humidifying period in a sealed
bag the bodies were pressed under a load.of 55,000 Newtons to produce 5C mm
square, 10 mm deep, specimens -for firing trials.. . : S

Samples were dried and fired in an electric tunnel furnace on ceramic
boats which were-pushed through the kiln at predetermined rates. The maximum -
temperature of firing was 1150°C and the firing cycle 64 minutes including a -
10 minute soak on peak temperature: Tiles were controlled cooled. over a
32 minute. perlod to 350°C at which temperature they were removed from the kiln
and allowed to .cool naturally in the atmosphere. This firing .cycle, shown in
Graph 1, would produce 1, 000 square metres of tile per, 24 hour day at_ the. _

C.T.M. Ltd plant. _;:", R o e s e ETL Tl

AL .
et LTy
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GRAPH 1 - FIRING CYCLE OF TILES
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The tlles were readlly f1red and showed no obv1ous defects resultlng
from the fast flrlng cycle.” Water absorptlons of the blends decreased with o
increasing albite content, correspondlng to increases in the bulk spec1f1c
gravities and f1r1ng dhrlnkages.

Reference to Table 3 suggests. that the fired properties of the bodies

. are not critically dependent upon composition, with particular reference to

- the albite content. It may be possible, therefore, to manufacture a tilé to

a satisfactory production standard without imposing an unnecessarily hard
specification upon the suppller of the talblte w;th respect to the talc:albite
.ratio.
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The firing shrlnkages of the tiles are con51derab1y¢lower than would
be experlenced from a traditional clay’ body and the talc bodies would not'- k
be as, susceptible to firing distortion..‘ o Pk T : %

Water Absorption, Bulk;Specific Gravity and
Dry—Flred Shrinkages of Blends

B3 IR L D pmpteroge

PO T F ]

" Body . Water Absorption o " Bulk Dry-Fired

2 Hr 3011 / Spec1f1c Gravity Shrinkage %
TB2 T8 T 2.9
. TBA4 e T T T R
TBS - 2.25 . - .. .- 3.3
TB6 C. 2,29, T 3.4
TB7 [ - 2.30 ~1-7‘<._ 4.1
Loo2.350 - = 4.3

TB8

a.f£

B . ?.‘. .M ) 9%
3.

. The fired tiles werd generally a yeliow1sh—grey to grey—brown colour.
An X-ray diffraction trace of body TB7 detected the presence.of. 5-10% quartz
and, although not readily 1dent1f1able, p0331b1y enstatite. : '

~ o

" 6.~ -EFFECT -OF. INCREASED. FIRING RATES 'AND VARIAlION
OF FIRING CYCLE

Although the significance of shape and size-of a body could not be
~evaluated during fast firing.cycles, it was considered worthwhile to examine
the effects of a faster firing cycle and a lower temperature cycle on the
ind1v1dua1 bodies. : :

e N .- : S et N :

" Oné cycle 1nvest1gated (Cycle 2) followed the 1n1t1a1 heating cycle to

1100°C followed" by a-'slower rate of imncreéase to- 1130 C over-—a"l4 ‘minute period.
" “The tiles were, theén allowed to soak for 10 minutes at temperature followed by -

cooling as per ‘the initial cycle. " Thus, the tlme period of firing--and - coollng
was the same as the original cycle although -the- soaking temperature was-20°¢”

Jower.

- “ - . - .
,,‘.J - ) « - . - . - e N . ' e - .

: Results shown in Table 4-are remarkably 81m11ar td those obtained “from
‘the-initial higher temperatutre cycle (Table 3) giving some 1nd1cation that a’
reasonable firing tolerance may be expected from the bodiés. - - - - .

N " Two of the'tile bodies, TB4 and TB7, were fired'considerably-faster to

assess their’ resistance to thermal shock. These were:put into the-kiln at:
*500°C and fired to 1050°C" in 10 minutes followed by a- slower rate of*increase-
to 11500C during the: next 10 minutes’ wherg they were' “allowed ‘to soak -for - - R
*15 minutes. ‘The tiles were cooled to 350°C-in 20 minutes and removéd-from-the
kiln. Thus the complete firing cycle (Cycle 3) was 35 minutes followed by a
20 minute controlled cooling period compared with the initial cycle of

64 minutes and 32 minutes ‘respectively.- = 7 A S

1235
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Results of.. thLchycle .shown_in Table .4: indlcate.awmarginal difference
in shrinkage .and..apsgrption of the bodydw1th 1ow albi f;content, and of ', .
shrinkage in the high albite body, may be expected ﬁowever, a; 51gn1ficant i
variation in absorption may be expected for bodies with hlgher alblte contents
.when fired- at considerably faster rates to the same temperature. No firing
defects’ were observed in.the samples" e

Water Absorption &. Firing Shrinkages

e -

A.. ; - of bodies . ..1._:‘.“;-. e ...._.\;.. R, ~ ‘*'..L. T -A E Y n ot e .it’
) - Body“‘"‘" “% Water Abs. T UDrysFired e .w'r..w .
oy 22 Hr boil Shridkage./ : '3;?
} Cycle 2 ' S ek =
-3 ' Tt RN
TB2 : 8.8 2.9, n
N 4 -t A 5.1 3 'il 3 . Cad
_ 5 3.6 3.1 “
- 6-~-. S et —in P S .—2A.-‘-3....* LS S . A AMA = l3.:.‘5<.“¢—- n LN R ] wi%ag el A < -,
0.83 4.0
AP 0 2.3: SR Nt S 3 4]» 7.
6.5 2.6 ) o
4.1 3.2
- S R . st . PUSE e - R T ."":'v'.i . ' ;
) % .7;7 COLOURED UNGLAZED TILES =@ =~ " 'fc's<. i ¢ .0

S JOVR ';.,
The p0531b111ty of producing v1tr1f1ed coloured unglazed tiles from
the. talc-clay bodies was.investigated with.only-limited, .success: .Body TB7
- was-used -for testing with additions of red iron ox1de, managnese diox1de -and .
by. substituting a red-burning plastlc clay from the, Meadows area1 .inlieu. of»the
cream.-burning clay Wthh had been found.to be ‘the most acceptable clay for, ’
producing a. low absorption product.u. T e AT o .

The normal preparatioh procedure for preparing the 50 mm square tiles
for firing was adopted. Additives used were 5%, by.addition, of either iron
oxide_or manganese .dioxide . and 5% iron. ox1de .and 37 manganese.dioxide add1t10n
to the bodies incorporating either the cream or red burning clays

o A Bickley gas k11n was used for-firing-the samples over a 110 minute
fjring cycle to 1150 C,:including a. 10 minute soaking period followed by an:
initial -rapid ‘cooling to 8000C in 20 minutes. The,gas ‘kiln was used for firing
- in lieu of ‘the electric:kiln.since, as. the maJor aspect of the test was .to.
.determine the potentlal fired colours, it was.. con31dered more approprlate to use .

C e P . < . .
. m etz . Lt T T, LR L e . . Loy .. . - -
- - z- [ R T T S -+ . - A . - v RSO P N PR

Vet
s b e
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a gas fueled kiln even though t of eariler tests could
not be: ma1ntained IR -

TR T A . P S L D R P 1 oyt
¥ o e et BT A SRS R B R ‘_f-‘ RN

‘xd ﬁ .
; -incorporatIng ‘thé-
cream burnlng clay ‘had " lower absorptlons than thcse bodies “inforporating the”

l,red burning clays and that the extended firing cycle produced a body of lower
- water absorpt1on than ‘thesdnitial 64 minute cycle for the: ba51c 70230 talblte.

T P S R

' cream-clay body B DI T O T RN
ERR ;,_53} brrny B : B

st i f;,:'h

e When 1ron ox1de, manganese d10x1de or a comblnatlon of these was added”

AR

toa mix the water absorptlon of the resuItant ‘fired bodiés 1nc1eased:*'7

e . - O

,f-gteyisn-brown for the creamtburn1ng clay/talc serlesﬁand reddlsh brown for=:fT
' the red burnlng clay/talc .series. The ¢olours:” produced weré not, 1n general .

sufficiently distinctive to suggest’ that a successfully thatketable “range of"*
, unglazed tiles could be produced using iron and manganese oxides as colourants.
Higher®additions would certainlyiptroviderbetter results:but normally:the costs-
" of the’oxides:wduldsprove: prohibitive:and: would be:morerexpensive, than Tepiteipy
alternative glazing costsf,ﬁFurthermore,wthe -aspect..of:: 1ncreased absorptlo_gof
the tiles with oxide additions must. be considered and the bodies may have to be -
._"dosed" with additjonal. fluxlng agents to promote a greater degree OfT,
vitriflcatlon oc, alrernatlvely,‘clear glaz1ng could be conbldered to ellmlnate
-surface “absorption of the tiles where’ requlred. o ' : )

P

Comp031t ion & Water Absorptlons of Coloured T11e Bodles ;irm ol

o L L kK o o gk Kk hk, e .
Body No. Talbite = Cream ~ Red Iron 0x1de % Manganese D10x1de / " _Water - °

Clay Clay . . . T ir‘“Absorptlon %
FPBTRT L 30 e AT LT ~0.6- ;-
. TB7: -30. - LT ‘ R ..0.33 .
=TB7/2 R {1 a @5 0.64 ..
TB7/3 . w300 e v LTy o s By -3 .. e 1045
TB7/4 ' 30 - - ' 1.65
-TB1/5: . 30 5 - . 3.65
TB7/6..- ... L e 30 0 = " - R ©2.15
L 30 s V3 2.8 7
Original 64 minute electric kiln firing.. All other»samples flred in
.. . 110 minute gas kiln'cycle. :
| Ek Talbite = Talc 75:Albite 25
*%k - % by addltlon. B 8
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8. GLAZE DEVELOPMENT

T : :
sAnad Yasla SE TR % L Z i 1 f'ff.; o

PR,

_ A brief investigation into the -glazing of a once fired, "fast Qtired,
high talc. -~component body was, undertaken £o, _assess the possibility of using

readily available frits,and glazes w1th minor modification:if required

‘)l

~3”€1mIﬁitiaﬂfyﬁaunumber of ‘gldzes Wene'con51deredrwhich had previously been
developed. or had been found suitable for "fast" firing applications. Although -
. these glazes had been used with a different body at a temperature of '
approx1mately 1180 'C, and‘fired over 2, longer time cycle (approx. 2 hours), they
were regagded as 2 usefua

%i R s

.The sLandardﬁtile body used for. the -most part for the .glaze trials was
TB7,~hav1ng previeusly: been es"ablished'as suitable’ body for"he‘production
of vitrified floor '

fFiring trlal_ were undertaken 1n the electrit"kilﬁi
according to the ' ‘ LA

additions}to a'matt gla%e
" oxife"dnd’ feldipat

as modifying agents, proved 1nterest1ng

A small addltlon of titanium ‘to the ‘matt glaze, S5 parts, resulted in a
high gloss*fifiFsh and ladditions of.zinc’oxide further tended -to.matt the glaze.
Further, additions of titanium dioxide and zinc oxide ‘produced 1ntermed1atory
.gloss_finishes... The titanium .dioxide was found to be an effective ' softening
agent.. for the” glaze allow1ng a. reduction . in firing temperatuie by produc1ng ;‘
softer and less viscous glaze at temperature. ’ G

s ek e L8 e

Some of the glazes developed were eyamined to determine their tolerances
to temperature, firing-cycle and composition.  In all cases wide.variations: 1n
the results, particularly of colour and gloss, were observed with only minor+
alterations to the conditions or the composition. The results ,suggest that %
prec1se kiln control and detailed monitoring of all prodiiction  conditions: would
be necessary in order 'to maintain acceptable quality control standards.

>
‘.

important areas for. con51derat10n when firing under extremely fast condit ons.
It considered .the problems of volatile evolution during firing and in this ™
.instance .overcame them by using less viscous "softer" glazes. Commerc1ally
available.glazes were found to be satisfactory For the talc tlles, ‘and the fast
firing cycle,: Swithe only slight modifacation. A L S EPTE S ~
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The investlgatlon intOxthe‘ceramiﬂ behaviour of talbite has lea to the

The quartz content of both
Anormal flrlh _problems - associated
éar - coollng contraction and

d1‘atometrlc changes.

: nsiderab]e advantage oV
bdﬁh'fast'and ; ;

of' these propertles the; body
_ :a traditlonal zlay-feldspar’ body in

iting situdtions. Wi erspect to “fast'" firing"
technology the propertles_of the body w111 assist the manufacture of unlform

1235



	Report Book 78/110 - Manufacture of Talc Based Tiles - 1 January 1978
	Contents


