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1. INTRODUGTION

A large proportion of the tale filned from the Gumcrachd arca of ‘
South Australia is unusual in that if is associated with a varying amount o e SO
of albite feldspar which in the past has affected many of the Etraditional T T P
markets for which tale is mined. Further; much of the tale is iron-
stained to varying degrees resulting in a discoloured product when
ground which further limits its marketability,  As neithef the presence
of albite nor iron-staining is wiiform dn distribution the area has v
generally been worked withi a view to obtaining a number of tale giades,
designated lst grade through to 4th gride depending upon the degree : s
of iron staining. This is achieved primarily by hand sorting, J o
particularly for the higher lst and 2nd grade products; : ‘ SN

Although the feldspar is randomly‘distributed‘thrdughout the
deposi.ts within the drca some massive feldspar bodies have beed
encountered,  TFeldspatr propoftions in general vary from zero to 30
percent but results from rocent drilling have determined that
selected areas may be mined and bulked fo produce a product with a
relatively consistent level of foldspat. ‘
Since the mining of a consistant product, contalning a pre=
determined level of albite, appedars feasible it ig degitable to obtain
markets for thak product. Without betieficiation, the most likely
hatkets, du addition to the curvent "£lllar! extender and coatdig
markets Look to be dn the cervamtc fisld,

Work already completad has shown that a boedy incorporating
a high proportion of tale, which contains approwimately 25% of
albitey ecould,in conjunction with a plastic elay,be used to
manufacture low absorption £loor tiles by fast firdng techniques.

The current dnvestigation considers the utilization of )
material desdponatod as 3rd or Ath prade tale, depending upon colour,
coutaininy approwimately 57 of albite, for the manufacture of cordierdte
bodies.

Cordiepite (2Mn0 2A1505 58104) bodies have undgually . low
coefficionty of thermal expandion and therofore ave valudhble for
use in arvas whore thermal shoel s of primary importance. Bodies
cotttatnlng easantlally cordievite have hoen used suacossfully. for
production of hish tousion insulators, refractoty pleces, partieularly
kiln furnd ture and coramde couliing ware,

The present vork wis deatgned to davestipate the area of ‘
Amglazed cordierite ceramies which may be suitabic for kiln furniture.
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2. GORDILRITE

Cordicrite, 2Mg0 2A1:05 5810, contains 13.7% Mg0, 34.9% Al.0,
and 51.4% $10;.  In nature it is found in granites; gueisses, schists
and id contact metamorphic zones. Industrially it is manufactured
from talc; kaolindite, magiesia and alumina. Seguit & Holland (1971)
investigated the use of clinoclore; a chlonite of composition Mgy
AlsS1:0,5(0H) s, and a good quality kaolinite for manufacturing
cordierite which began to form at temperatures ds low as 1140°C
associated with christobalite and mullite phases.  With ilacreasing
temperature these phases were eliminated resulting in only cordierite
at 1225°C,  Geller & Insley (1932) produced porous cordievite bodias,
with high thermal shoek resistance and low thermdl expansion, from
bodies consisting of talc, kaolin and corundum (of caleined alumina)
at temperatures of 1350°C and showed that ai inetease in cordierite

- was divectly responsible for a decrease in thermal exparsior.

Numerous othet workers have also investdigated various tales and clays
for producing cordierite; generally at temperatures abeve 1300°C.
Thedss (1943) studied the formation of vitrifisd cordierite bodies in
systens containing feldspar, beryl, spodumene, nepheline=gvenite and
faldspar-zing oxide combinations to evaluate their offeet on extending
the firing range of vitrlfied products.  denerally vordierite bodics
have short vitrifying ranges which creates problems in industrial
manufacturing and as early as 1930 in Gevmany, alkalies, iron

oxldus and red-firdng clays were added to ecordierite insulator mixes
to extend their firding ranges.

- Data produced by Theiss shows that feldspar; tepheline syenite
and feidspar-zine oxide used as a £flux in vitrdfied cordierite bodies
did extend their vitrifleation fiydinp rounges.

It 48 well cstablished that covdierite may form at different
temperatures depending upon the physical and chemleal proparties of
the eonstituents,  For example,the work previously mentionad
of Segnit and Hollaund produced a body of only cordierite composition
at 1225°C and a well erystallised cordierite sith sdaor mullite
and cristobalite phases at 1200°C wiing elinochlore and kaoiinite.
Prosumably beeauvse the chlorite and kaolinite underno major structural
breakdown at terperatures below L600°8, the resulting disordered
struetures arve favourablo for the cvarly developmout of gtahle
phases.  However, in the cage of Ltale, hkaolinite and aluning
coabinations favestisated by Huchan (1952) and the kuolinite,
magnesia aud silicay or alomime wagnesite mxd gilica bodies
dnvegtigated by Jelosic and Leclan (1967) temporatures above
1300°6 were necosaary to form cordiorito,
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fakker et al (1974) studied the production of a dense~siiiterad:

monomineralic cordierite body using finely dispersed glasgs powders
and raw ¢lay. They report that X-ray photographs taken at 900°C
show that the diffrdction peaks of cordierite dre clearly developed

between 1100°C and 1450°C.  This becomes the unique crystal
phase. The process whereby an dnitial crystal phase is completely
transformed into cordierite is complete at 1100°C:  This ig in
contrast to cordierite development in traditionsl bodiss, as alieady
mentioned, where cordierite does not begin to form balow tempetrdatures
of approximately 1150°C.

Thus cordierite may be synthesised telatively easily from a
variety of makerials by selecking components and blending them in
the amourt required by the stoichiometric fermuld of cordierite.
This uncomplicated procedure is, however, ouly partially gatisfactoty
since the completeness of the reaction and mineralogy of the final
product is dependent upor the firing temperature and goak times;
the finenoss of the components, the decompositicn and the degree of
veactivity of the components. Additional variables have been
found to ba of relevarce; such as the presence of fluxes and
minetalizers to extend the sinteting range and promote self pldzing
of vitificd products and the addition of cxtess alumina to broaden.
the firing renge and roduce the thermal expansion of a cordierite
body (Dasta and Said (1973).

3 EXPERIMENTAL WORK

3.1 Matordials

3s ltl :f_(_'i;]“l_'_'z‘

The tole was a 3vd grade yellowlshepink matezdial (minus
200 mesh) designated as Jarvind Super=Fine T/2, preground Lo minus
75 micrometres supplied by Jarvis Industries Pty Lid.  Analysis
by Xeray Aiffraction shown in Table 1 dndicated dominant tale with
approxivately 57 of alblte and a trace of dolemite.. A posaible
faint trace of guartz,; outside the Linit of estimation; was indicated.
The chemical onalysis given in Table 1 dndlcates o soda content of U.50%;
confivming the albite estimatdon, and a 0,134 level of calcedum which
may be atbributed to dolomite (approxitiately 0.5%) . Teryie and
forrous ovxides aceouat for 2,97 of the compouition If the tale were
of {deal corposition then e mageesiun vould account Lo¥ 5703 af the
sillea leaving an euecss of appromimately 47 of which 3,37 may be
attributed to the albive and the remsinder to excess sllica,

A dry sereen size analyais is plven dn Table 2.
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i ~_The clay selected for the study is a high alumina tefract
: clay from Williamstown in South Australia containing approximate

equal proportions of kaolinite and sillimanite and stb=dominiant

i | at between 5 & 15% 1¢ present together with a trace of pyroplyll

N

s

4'

oty CL

(15-30%) mica (muscovite and paragonite). Accessory quartz estimated

ita

. (<5%).  The clay is non~plastic, white in colour; and contains 0.5%

fertic it'()ng 43:4% AJ.':O;;, 44*.3%‘53‘,‘(?—2, l136% Ti0s; 0.52% Na,0
(attributed to parvagonite) and 1% K,0 (muscovite), A completea
. analysis is showt in Table 1.

’ | 3:2 Body Coniposition

A 1:3 molar ik of tale and clay was choseri as the experimeital

body composition, On a fired basis the mix contaliied primardly
Mg0, 32% Al,0s and 547 5105 composition thus cotresponds to a

10%

formulation Mg0:i1.24 Al,04:3,5 §104 Thedfétical»cotdiefité‘COﬁtains

13:6% MgO, 35% AJ.EO', and 51.4% $104. (MgO:AlgO;ﬁZ‘S Sio::)¢

The presence of sillimanite, roughly ostimated from tha chemi.cal
andalygis and H-ray Dififraction to be 23%; complicates the ealeulation

of the most desirable body composition since it ig ¢kpacted that
sillimanite will remain unreacted in the fired body and thus a
proportion of the alusina will not be available for cordierite

formatdon, A percentage of the siidea will similarly be wnaviiabie

o1 ¥edction.

Although theoretieal ealeulations were done at thig sbage

estimate the proportions of magnesia, alutind and siliea Witkeh will

[We)

be free for formation of cordirrite and protonstatite it was considered
preferable to o™baidn aceurate data from the analyeis of tha fired

products prior to postulating any alteration of the basic mix,

243 Preparotion

The ¢lay was initially pround in a Dige Pulverizer to a
nominal finences of 600 nleronotres (25 nesh Bo8:8:)y The elay
and pregrouwd 75 nleronstre (200 pogh Bi5.8.) tale was then wet
milled dn an aquomes slurry at 502 solids 4n 3 pallon capacity.
Porcelain Ball Mills to {a) Liner than 300 micronctres (52 mosh
B.5.8.) (b Finer than 75 pdorewctres (200 vosh B.8,8.) and (o)

the gimine shown dn Tablo § chews 297 of wterial was coarser than
300 ym (52 mesh BuS.5.) and 277 wau betveen 500 and 53y (59 qnd
300 mash EPEER I The ground bodies wore drfvdy resprownd L minus

Lad
600 e {25 mesh BeBaba)y modatonod with 72 wator and vubbed throo
a L2 vm (14 mogh BB, 80) sereen to prodoece
The bodics were stored In afr-vicdht contatnore for o tuinbouy of
24 hwours to attaln a uaifors wolsture contont throusbout the
waterial prior tu pressing.

1t
apranulac e for pressing,
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3.4 Pressing of Samplas

Test pieces consisting of 50 mm square 10 mm thieck tiles were
pressed op flat from edach body in 4 mild steel die at a pressure of
224 kglem®.  Additionally; bars 230 tm long by approximately 25 mm : B
square cross section under a pressure of 100 kg/em?  loading ‘ o
perpendiculdr to the 230 mm by 25 nmi fdce weie made from the cvarser DR TS g
bodys  Test pieces were dided at 105°C immediately after pressing.

4. TEST PROCEDURES AND RESULTS
Ail,FifiﬁE‘ o o

A number of firing corditions were used durdng this dndtfal ) W
stage of dnvestigation to determine the general behaviour and potential
of che tale=clay mixture for the produection of cordierite bodies:

1+ The coatse tile body was fired in an clectric kiln from 1250°U
to 1370°C at 30°C intervals ovet a 4% hour pericd including
1 hour soal at pealk temperature: Two samples previcusly
flred to the above eycle at 1280 and 1310°C were re=fired at
1280°C over a 7 hour £iving period including a 3% hour soak
at pedk temperature to determific their stabillity on fe=firing. | i

2.  The samples pressad from the material finer than 300 um (52 mesh.
B:S:8:) wore fired in 4 Biekley gas kiln between 1250°C and
1400°C at 30°C dntervale.,  Total Eiring time was 4 hours
including a 1 hour soak petilod.

3. The pressoed bary ware firad‘in the Bickley gas kiln batween Q
1250°C and 1370°C at 30°C intetvals to the above cycles 'Q
' 4§

4o The fine graiuad‘hody (minug 75 wn 200 mesh) was fived in
an elestrie kiln at 1270°C, 1290°C and 1310°C in 1 hour
followed by a 2 hour soaking period.

442 Minoralogy

The mineralogy of the Lired bodios was detotsiined Ly Xevay
Diffwaction techndques.  Approximate proportions of cordierite and
gilldmanice wore estimsted by averaplng tho four major peaks of coch
inetal,

ALL traces shoved that indialite tyashize (1957)), the

hesagonal poelyvtorph of cordderite wap forued on firiag at temporatures

ag Jow as 12507C In associotion with sillinmaaibey protoengtatite
and a trace of quarte,



4:2:1 Fine Grained Saiiples = Less than 75 ym

At 1270°C indialite highly crystalline, was produced in
agsociatlon with au accessory amount of Yemanent sillimaiite and a
trace of quartz, A trace of protenstatite was datectable. With
increasing temperature the protoenstatite reacted with alumina to forn
indialite, and was not detectable at 1290°C. A trace of quartsz
was still present. ‘ ‘

b.2.2 Material Fingr_tﬁaﬁ‘300,um‘(sz‘mqgh) ‘

Between 1250°C and 1370°G indialite ffereased 4n ralative
proportion and siilimanite decreased, Protoenstatile was preseit
up to 1310°C and a trace of quartz (2=3%) remuined throughott: thie
fivdng serieg, ‘

Generally the degree of crystallindity 6f the fndiaiiee was
not found to vaty significantly although addittonal worlk 15 fiecessdry
to confirm this aspeck, Broadly; the degtes of crystallinity
thisugliout the series was high; ‘

4,2.3 Coarse Grained Samples ‘

These samples firnd between 1250°C¢ and 1370°¢ produced similas
mineralogteal assoclations to those determined for the fived samples
of materd{al finet than 300 micrometros with a faw tiotalie varidakions,

‘ The proportion of indialits formed during firing at tempetatures
Up to 1310°C did not {ncrease as previously noted for the finer grained
sanples rior did tha proportion of silliminite appear to decrease.

At 1340°C and 13707C; however, 4 sigaifieant inexrase iy dndialite

was observed although only a minor decrease in gillimanite was
detectable, Protoenstatite was present up to 1280°C but esuld

hot be defindtely identificd at 1310%°C., A trace of quarts,

constant and Low (2+33), was detootad throughout the series,

Tvo samples Indtially fired at 1280 and 1310°C but tefired at
1280°C with a 3% b soak  wore analysed for compurison with results
obtained from the initdal fiving.,  Upon rofirdng protoenstatice wag
eliminated from the 128p°C sarple and the proportson of sillimanite

algo appeared to deerocse. The formerly higher fired (1310°¢)

sample romained similar.

For comparat fve purposes 1 sample of a Gorman manufocbured
"cordiorite' setioy plute vas analvicd, Interestingly it was Lound
to be very simflar to Lhe Iaboratory produced samples in that & was
composed of indialite mid slllisunite (posaibly o migture of
$llldmanite aud tulldteyy dn the relative propotiions of 3, 9:1,

The laboratory produgsd wnterial showvod a hivher indialite to
sillinanite ratlo varyhuy fron approxinatoly 2e8-9,311,  No
Protounstatite or quartz wag deteetable in tiw comparative
matorial,

Miteralogy of the Fired sanples is shoun in Table 4,
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4.3 Phyaical Properties

4:3.1 Fine Grained Bodies ,

‘ The fine grained 75 um (200 meshy bodies formed hard, denge

highly erystalline and neat vitrified products ak 1270=1310°C,

Notable distorcion was evident at 1310°C and a heavy glaze was well
developed on the surface of the tile, A very thin glaze wag dlready
beglnning to form at 1290°C:  The bodies were light grey in colour. ;
Flring sheinkage at 1270°C was 3.99 decreasing slightiy to 3.4% at 1290°C.
An acervate measurement at 1310°C was not possible due to distertion

but wag voughly 2.7 = 3%, Water absorptions varied from 2.37 at

1270 and 129060 to 0.31% at 1310003 ;

4.:3:2 Bodies Finer Than 300 um (52 fiiegl B.8,:5.)

These fired in the gas kiln produced strong crystalline porous
bodies ranging in colour From offewhite at 1250°C to greyish at 1340°¢
and tat at 1400°¢. Firing shrinkage, water absorption (2 ht boil)
apparent povosity and bulk density results shown ifi Table 5 Indicate
an initial decrease in water absorption from 13.4% and 1250°C to 4.4%
at 1340°C followed by an increase to 10.3% at 1400°Cs  TFiring
shrinkages range from 2,17 to 2.5% with the exeeption of the 1340°C
samplos whieh recorded a 3,29 Firing shiinkage.  ihe absorption
and slivinkage results ave consistent with an increase dn bulk
density at this temperature from an average at othet temperatures
of 1.99 (range 1,97 = 2.02) to 213 and v significant reduetiomn it
the apparent porosity of the body from 22.9% at 1310 to 9.7% at
1340°C. Above 1340°C the firved tiles show an incroase it surface
porosity.  Examination suspests that a leealized sintering procsss
is tuking place:  The pores or vesleles cccur throughout the
bodies and are surrounded by a yellowish crystalline halo.
Tdentification of this mineral has not baon undertaken at this time.

The wodulus of rupture of the prossed, pas fired hars was
determined wnder a three point system in general acecordance with
the method recommended in Australian §eandard AS 1774.3 1977
(Determdnation of vold modulus of ruptured. A loading rate of
5 H/eew was madntained to failure to aceommpdate for the smallor
erugs seetional avea samples,  The M,0.R. was calevlated using
tae forwmula ‘

k=3w 1
‘ 2 d®
Hoduluy of Rupture CHPa)
Foree an fallure (Newtong)
Span betweea bearving edpos ()
Vidth of test spociven ()
Depth of test speelmen (i)

-

1
i
b
d

proap——

- -
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Results shown 4in Table 5 save if penaral dgreement with the othoer
physieal paramoters alteddy considored and the highest strength recorded
of 34 MPa at 1340°¢ appears to verify that an increased vate of
sintering docs veeur in the tange of 1340°C with 4 subsequent foduckion
it porosity and water absorption and inecrease in the shrinkage and
bulk desisity of the body. o

~ Above 1340°0 the deevease in strength 1s eonsidered to be
attributed to incteased porosity afid discontinuity of the miserai
gralng,

Unfortunately only one sample was available for a Modulus
of Rupture determination at edch tetiperatiie and twe of the
samples, totable the 1280 and 1310°C samples, do show mitow ‘
laminations 4n the broken face runnifg potperdicular to the ditecticn
of the applied breaking force: = Obviously thuse wepe induced during
pressing since in the cross sectioual broken face of the bars the
laminations are coneave telative to the direction of the appldad
pressing force, Although they were not fmajor zornes of weaknegs,
since they pass througl discrete mineral sraing i the broken
faves they way have reduced the strength of thesc specimenis,

4z3w3,Cdarsm—grainud<nody ‘ .

‘ As already discussed the crdy component of the hody eontains
a large proportion of sdllimanite (approximately 35%) whieh is a
hatd and vory touph mineral., It is, therefore, this mineral
whichh forms the bulls of the plus 300 ym (52 wasih) ndterdal in ‘
the body. = fThe total sillimanite vontent of the body composition
is estimated at voughly 237,

Firdog 18 an cloctrie kiln producad crystalline porouy
products wanging in eolour From cream at 1250”°C to light brown
at 1340°C and a grey speehled product at 1370°¢,

Compared with the Finer grained gas fired hody water
absorptiond, porecitios aud bulk densities were of the same
general order for all bouperatures betweon 17250%°C and 1370%¢
(a 1400°C sample was uot fired) with the erception of the 1340°C
sample. At this tumperature the body d1¢ not einter to the
degree observed syn the finer grafned saeple amd ity hehaviour
way a slondf icant reveruat shoving an Inevease in wator absorpt lony
apparent porousity sud deercaso jn bull doens ity

Shrinkuecs Tor the coarsor body vere higher at 1250°C than ‘ L
for the Finer pratued besdy bt deervaued with {iring Lomiporature
to a mintuwa of 1067 at 134070 folleved e a slighe incrense to
La73% ab 1370°C seconpanicd by a deereace i water abgorption
and apparent poessivy and an dnerease du bulk dengity.

o
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At 1340°C and 1370°C the stirfuce porosity described previousiy
became pronouriced, patrticularly at the higher temperature, which G B
is attributed to melting of discrete wineral grains. - A distinet ‘ f SR
orange-red mineral, unidentified at this stage, was obsarved . : AP AN
within some of the larger vacuoles surrounded by the yellowish e
erystalline halo. L

"l
3

~ The physical‘pr0perties of the fired samples are shown in
Table 6. ' ' ‘

The 1280°C and 1310°C samples, refired at 1280°C for 7 hours Dl
including u 3% hour soaking period, recorded a sliglit expansion of A 3
0:2% on refiring and a very minor reduction in their water absorption S
(2 hour boil). Results are presented 4u Table 7. :

¥V

O

5. DISCUSSION | | LN
The investigation conducted to date has shown that synthetic
indialite 4s readily produced fism a combination of 32,8%
Gumeracha' tale, contaiting 5% albite, and 67.2% of high aluiina.
Williamstown eclay during fast firving cycles at temperatures as : : o
low as 1250°C. The indianlite shows a high degree of ; B
crystallinity at all temperatures which did not appear Lo vary ‘
significantly over the range of temperature and time conditions
imposed.

Increased firing temperature and soaking time alters the
mineralogy of the firved samples within 4 series (constant
particle size).  Broadly, with ihcteasing temperature, indialits
ineieases 1 proportion and siliimanite decredses.  Protoensbakite
disappears with increasing temperature and wae not detacyable
above 1310°C,  However, its pregence oY abgence dn the fived
product is alse dependent upon sogking time and fineness of the
mix componants, particularly sillimarite.

In very fine pradned samples protovhstatite was not detagked
at 1290"¢C bue in eoarser particle sired samples produced from
eyeles with ghorter soaking tites it perslsts to a highoy
temperature.  Protounstatite disperscd wpore refiring the
1280°C coarse prafned sample at the same temperature with a
svak of 3 houts, ‘

The partlele size of the mineral nomponents of the mix 4y the
most signd fleant controlling facter on the typo and nature of the
fived product, Fipe prinding of mincral components produces
dense wity!fied Cor log absorption) products at 1270%C but eoatser
groutd cosnles romaln porous up Lo at Jeast 1400°C vhen Iast
Pivdug eyeles are used. : SR ‘ ‘
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10.

‘The anomalous physical result obtained from a gas fired product
at 1340°C remains unexplained at this stage.  Turther investigation
" at this temperature, which is regarded as the maximum firing ‘
temperature for coarser grained samples since higher temperatures
produce localized sintering in the body, is necessary.

Refiring of samples, initially fired at 1280°C and 1310°C,
at 1280°C in au eclectric kiln resulted in only # minor decrease
in tvater absorptions and din the sillimanite proportion of the
lower temperabture sample,; which has reacted with the protoenstatite,
indicating that the initially-formed components wete not stable
and longet firing periods dre required.

6. - CONCLUSIONS

The preliminaty investigation indicates that the Gumeracha
tale and Williamstown clay mix has considerable potential foir ‘the
production of both vitrified and porous cordierite (indialite)
bodies, the properties of which will depend primarily upon the
fineness of the initial components but also upon the firdng cycle.

The lotw temperature of formation of indialite; found by most
{nvestigators of tala-elay bodies to be in excess of 1300°C suggests
that production of cotrdierite products may be undertaken at - |
temperatures of 1250-1300°C and chat the fequired physical properties
of the products may bk controlled by edther varying the grinding
erdterion for the initial mix or by the addition of pre-fired 'grog'
to a fine grained unfired body. : ‘ ‘

Properties of the fired ware demonstrate that strong bodics
of satislfactory sppoarance and having a range of porosities ean be
produced by relatively simple rapid preparatovy and firdng
operationg. ‘

7o RECOMMENDATIUNS

Prior to this investipation being undettaken it was envisaged
that the tolationship of pavticle size din the pre-fired Lody would =
be highly relevant end this sspeet was mentloned dn the projeck
propesal, Tt iy therefore recomwnded that thls arvea be furthet
investipated dn the continuation of the projest together with a

Cstudy of 'prog! additions Lo the basie fine prodned body.
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11,

‘ Futhcr work is neccssary to resolve the firing behaviour during’
sintering in the avea of 1340°C and this woilld be related to the
dependancy upon grinding. ;

»

‘Since low temperature vitrificdtion is possible in finely~

cordierite (indialite) ceramic articles; such as tooking ware S ‘ [ O

is vecommended. - The area of glazed products should also be ‘ : ST ety
considetred. ‘ i :
o Rt

The thermal shock resistarce of the gynthetic bodies, not ' ST e

investigated to date, should be investigated in relatlonship to . L Y

specufiic products; such ds refractofy kiln furniture and cooking
viave, within the scope of the ongoing 1nvcst1gat10n. ‘

These recommendations are necessary in order to confirm the o
suitabdility of the body foi comiiercial exploitatilon in the fields ‘ ‘ b
of tefractories and low expansion deramics.  Additvdonal tests, ‘
not necommendad at €hie stage, would be necessary to establish P
guitubility ds electrical porcelain. o | DR
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Al:04
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MnO
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TABLE 2: DY SCREEN ANALYSIS OF TALC SAMPLE

.

Size um

Screen Sizing B.S.S,

Cumulative % Retainsd ‘;‘5 Q,

+150
~105
= 75

100 mesh
150 mesh

200 wash

’

+

0:02 4 e enll
0.02 Ly
0026 . i : “’“"““C\

| =53 300 mesh 2,28 P
L’J L, ' Q “\' .
1 v |
f TABLE 3: WET SCREEN ANALYSIS OF COARSE TALC/CLAY BODY | x
==u:u‘ " e ax N N | | : ¥ | L ‘ i V . Av’ ‘ ?) . | . :
. Size fim Séraen Sizing B.S.S: Cuimulative % Retained L.
L 300 + 52 mesh 2046 ‘ ‘ |
| 212 72 wesli 27:6 i o |
é 150 100 mesh 335 L ‘
105 150 mesh 3844 \
v 75 200 mesh 43:7 |
' 53 300 mesh N
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TABLE 4:  MINERALOGY OF FIRED SAMULES

Temperatute °C

Indialite sillimanite

Compos ition
Protoonstatite |  Quiits
FoLer et N

Finqbgfained sainplas (less than 75 micromette (200 mesh B«§.8.)

1270 D A T T
(51) 9)
1290 D A ) - 5
(52) -~49) .
Sdnmples finer than 300 um (59 mesh B.S.8.)
1250 D A Tr T
v 37 (13)
1280 D ok ek e
‘ (57) (i “
1310 b A TE Tr
(53) (10
1340 D A = T
(61) £9)
1370 D 'S “ ¢
(647 (7
Samplad eoarser tlan 300 un (52 wosh BeSi8:)
1350 i A Ti o
6y (13)
1280 i 1

,
4 ¢49)
1316 E
(499
1340 b
(58)

1370 n
(65

A
(12)
A
(13
A
(12)

&
(i

Refdred soplos (Fiesd 13E0°0 = hoops, 3G it sonkt)

Tndtdal Tenperature *¢
{280

Indialite
D
‘ {50
1310 b
‘ {46y
Standard Cordiorite Sorb p Plats
b
43)

BT A ol © e i R

RS AR LN Sl SR KR e AR 8 D

111 man SO i i oenotaee  Quares
A Tt
{10y
A Tt
(12)

ok
(195
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e ™ TADLE 5% GAS TIRED TILE SAMP]ES = FIRED PROPERTIES : F
b w ‘ ‘ .
(i g Firing * TFiring Watet Appatent Bulk Modulus
; Temperature Stirinkage Absoiption Porosity % Density - of Ruptuve

MPa

1250

1280

1310

24

11.8

10.1

13.4°

26.5
24.3
22:9

9.7

240

2:13

26,9 .
(274 kg/em?)

28 |
(285 kg/cm?)
25
(225 kag/cm?)

34 :

%4 hour firing time docluding 1 hour soak o peak temperabture:
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TABLE 6:  BLECTRIC FIRED TILE SAMPLES - FIRED PROPERTTES '

n
" =
[2
\ .
3
v o

00

A

Firing*
Tenperature
‘g

Firing ;
Shrinkage

%

Firing We  Water

©

loss %

Absorptisn
%. :

Apparent
Porosity

%

Bulk i

Densityn

1250

1280
1810
1340

1370

2,85
3.5
1467
1.6

1,73

6.4
6.4
6:4
6.4

6.4

12,1
11.7 ¢
12,5
1348
10,3

243
23:5
24 * 7

2615
20,6

2.0
2;0

1.98

- 1.92

2,01

4k hour firing in¢1uding 1 hour sodk at peak temperatires;

TABLE 7:  RE-FIRED SAMPLES

gy gunst die g i

Indtial Fiving

Tenperature/Total/Soak (hrs) ~Tempera

ture/Total

Re-fiiing

/Soak‘(ﬁfé)

Water

Refiring

' °C Time °C Tdme Absorption Shrinkage
% %
1280 .1 1280 7 11:3 =02
1310 L 1 1280 7 12.0 ~0.2
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was selected as the experimental body composition.

e

f ! v " ‘?w( ¢
bo0e2
3. INTRODUCTION S

. Previous investigativn'of the ceramic behaviour of low grade talc
(P.R: No. 1 MD 1/1/228) in conjunction with 4 tefractory clay indicated | SN :
that Indfalite (a hexagonal polymorph of cordieérite) coild be mantifactiired / e
at temperatures as low as 1250°C.  Formation of this mineral in major o IE
pruporticns in certain deramic bodies; particularly those which operdte :
in situations of high thermal shock and intermittant firing conditions 1§ /

- advantageots sirce;in general;cordierite bodiss exhibit extremaly low ;  ‘3¢°

c¢oefficients of thermal expansion and high resistance to théermal sheck;

The initial investigation was based upon a 1:3 molaar mix of = b

Gumeracha 3rd grade tale and Williamstown high alumina refractory

¢lay, The talc tas of low grade quality due té the presence of

feldspar (apptoximately 52) and discolotiration: The alay was basically

a kaolinite-silliidnite mixture with 15:30% of muscovite And paragonite and

a

minor quartz and pyrophyllite, analysing 43% A1,05 and 447 8101, ‘ P
Cordierite was detected at all firing temperatires up to 1370°C in SRR
conjunction with unreacted silldtanite. Test tilas produced by pressing; i

fired to produce high strength porois prodicts dndicating that the
talc=clay bodies may Have some potential in refractory manufackire.
Stbsequent work, reported herein; has briefly examirned the behavieur
of 4 similat body tsinig Birdwood rafractory clay in ldeu of the Williamstawn
This substitutifon of clay was reqitested by a locdl refractory
manufdcturer who has indicated some interest in the {nitial vesults and
for economic reasons weild prefer to use the Birdwood elay. ‘

2,  EXPERIMENTAL WORK

2:1 Materials

2.:1:1 Taie

Jarvind Siper=Fine T/2, preground to minus‘7§ micrometeres (200 mesh
B:S.8:) supplisd by Jarvis Industries Pty Ltd. The material eontatids
dominant tale; approximately 5% of albite, a trace of dolomite and possibiy
quartz.. A chemicdl-dnalysis 45 given in Table 1. ‘ L

~ Minetals Pty 1td‘K2; refrdctory clay preground to 63 nicronetres (250
mesh BiSi8.): A chemical analysis i8¢ glven in Table 1,

2.2 Body Gomposition

A 1:3 nolaar mix of talc and cluy (welght per tent 32.8 Clayi67:2 Clay)
On & fited basis the
uix contained primarily 56% Si0s 30% AlsOs and 9.8% Mg0; corresponding to
é‘farmdiitidn MO 1.2 Als05:3.7 5105 (Theorstical cordierite « MpOiAls04¢
255 Sioéns . )

The chemieal composition of the mix is piven in Table 2,




&
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2.3 Preparation e :

e S \ Cobee

The raw materials were thoroughly mixed dry prior to addition o6f e /
moistutre to produce a body suitabie for extrusion. The body was ‘ S :

Using a laboratory Bolton de-airing extruder to produce a 25 mm ¢olumn - ! : s
for firing trials. A slightly larger extrider cdpable of producdng ! CRcar
a column of 50 tm by 25 mm éross section was ales ded bit failed to ‘

produce a4 column. 5 /

allowed to mattite for 24 houts in a sealed container prisr to extrusion ‘ g \a"v

W
y

Ihe extruded column was cut dnto individuai slugs for testing.

2.4 Test Proesdures and Results | S = |

2:44]1 Extrusion and Drying Behavisur

The body extruded satisfastorily at §0% moisture, wet weight basis; : .
to produce a smooth faced; moderately weak, soft column which wire cut o “

poorly.  Some improvement would be gained by extriding stiffer; Py
particularly in the wire cuttisg behaviout, X ’ o

_ During drying, under static conditions at 35°C and 105°G,
each gample developed a single longitudindl erack. Dry samples
although of low strength could be handled satisfactoriiy. Drying
Shednkdge wag 4.85%. ‘ .

2:4:2 Fired Results | ‘ |

| Two firdings at 1250°C and 1350°C were undertaken in a Bickiey gas fired
kiln over a 4 and 4% hour perisd tespectively including a half houe

soak dt peak temperatire,

Firdng at 1250°C produces a high strength porous, gregish-yeliow
product:  Firing shrinkage was 3.65% and compressive strength 60 MpPa
(615 kg/en®y measured parallel to the ¢ylindrical axis. Absorpiion of
the fired material determined after 24 liotr of cold water dmmersion; wag
20.4% relative o the dey sample weighit,

Ani X=ray diffrdction trace of the fired product indicated the b?QSEﬂéé
of well erystalliine indialite with a trace of protoenstatite dand mullite
and a very midor (1%) trace of guartz.

) At 1350°C the material transforms into a greendsh-black, nolteir,
low viscosity mass, o :

h.  CONCLUSTONS

The combination of tale and Birdwood elay examined lacksthe
refractory propertiss of the previously examined tale and Williamstown
elay body and is unsultable for general refractory applications.,

However; the association of high strenpth and a substanftially cordierdtic
mineralogy at 1250°C dmplies that cetamic articles way be manufactured
siitable Lot applications which demand both strength and low thermal
expansion. (The latter propocty i only agsumed at this stage based
upont the determined mineralogy). ‘

EH

w o
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Both deying and firing shrinkages may be reduced with stiffer extrusion
which stould also eliminate eracking durdng drying: The low green and
dry strength may be substantially improved by addition 6f more plastic
¢lays, orf a small quantity of bentonite to the mix:

The failure to obtain an exttusion column in the larger machine
1s regarded as predominantly a limitation 6f the mdcliine rather than a major
problem of the body. The particiiar machine used is fitted with a high

piteh atiger with a high ratio of bore to atger diameter ({.e: 0.61) which

in effect is inadequate for feeding unctuous materials.

in eonagideration of the data obtafned and impliéd therefore it is
coniciuded that the body; with minor nodificaticn to improve its green
strength; suitably prepared ard fired may be satisfactory for earthenwdre
cooking products; generdl high strength non=refractory porous ceramic
articles and laboratory waré. :

5: RECOMMENDATIONS

 Purther work on the utdlization of low grade Gumeracha talc should

foilow the gereral recommerdaticns given in Progress Repott Nos 1

(D 1/1/228) . With relation to the tdle/Birdwood clay mixture the

{nvestigation should include aspects of * ‘

1. tmproving the green strength of the body.

9, Slip casting = cookware; laboratoty ware atid generdl sarthenyaré

 products (including glazing).

3. Alternative forming methods such as "jiggering's

k. Determiination of the deid resistance of the product:

‘ The refractory applications of the tale/Williamstown clay body

should be directed towatd the aspects of body preparation and fd

particular a study of "grog" additions o a basic fine grained body

of the same composition for production of refractory kiln furditutes
The refractory propetties of the ta¥c/ﬁirdWGod”Bieﬁd are poor and

wo further work on the development of refractories from this blend

is recomnended. o

dicids
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TABLE 1:  MINERALOGY OF RAW MATERIALS

"....Tale . (Gumeracha 3rd Grade) Clay (Birdwood K2) -

510, | f o6l | 453
T103 © 0,16 | 1.7
41,05 | . 1,51 | 138.3
Fes05 S 0.83 , 0.4
FeO | 2.07 -
MnO 0.01 : ‘ -
MgO | 28.44 | 0.05
Ca0 | 0.13 | ‘ 0.06
Naz0 0.56 -
K40 10.06 | 0.01
Pa0s | Sl 0.10 B
L.0.I. 4.70 __13.8

©99,77 99.71

TABLE 2: CHEMICAL COMPOSITION OF EXPERIMENTAL MIX

Fired Basis

5104 ‘ 56.4
110, 1.37
Al503 30.38
Fez05 ‘ | 0559
. Ted | 0,71
Mno =
Mgo | 9.8
Cao ‘ ‘ : 0,09
Na 40 L , 0.19
Ks0 o | U.1
99,68
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R 1. INTRODUGTION ' S
T R The investigation of the ceramic behaviour of low-grade Gumeracha
el o tale has previously considetaed Lhe sultability of a number of tale bodics
L - for manufacture by pressing and exkrusion.. The most recent work has ‘
o been dirvected toward exumination of the casting behaviour of hodies, o
‘ incorporating talc, wlifith may be sultable for the producticon of stone ¢
and earthenware produdts in general and wore specifically for ovenware. . L

Ceramic ovenwate is considered since previous work has shown o o
that simple tale-~clay bodies, incorporating local materials, readily '
. CR produce cordierite (indialite) at the normal stonewara flring R
o, " - temperatures (1250°C - 1300°C).  Bodies incoxporating a percentage

A of cordierite exhibik a lower coefficient of therinal expansion than
Wt nomal stoneware bodies in whicl cordierite is absent and Cthus they
‘ ' shoWw superior heat=shock regdgtance, an important chardcteristic
of quality ovenware bodies. ‘

Although there is considerable merit in using a low espansion
body for cookware there are digadvantages relating to the problems
of glazing since wost glazes have coefficiants of 69 x 107¢ °0 wheieas
a body which ‘containg gordierite mav bo expected to have a thermal
coeffivdent of 4 % 10 "¢ °¢ oy leas, Thus, since the glaze is in
tenslon crazing generally rosules, Spectal gldazes are thoraford
norinally roguired for cowrdiarite bodies, ve alternatively self
glazing bodies are developed.

2. BXPERIMENTAL WORK

21 Méteﬁials

2043 Tal [of ‘

‘ Jarvind Super-fine T 2, proground Lo ninus 75 micrometres
supplicd by Jarvis Industyies Pty Ltd (inerals Pey Ltd). The
material contains dominant tale, approginately 57 of albite, a
trace of dolenite and possibly quarvte, o
20142 Ball Glay 't S ‘

: An olfewnite (pinkish) moderately plagtle elay which imparts

green strength tooa coveule body,  The clay, as supplicd by

Steetley Ladustedcs Lid, was preground to minus 69 microsotres

lf}ﬂl

20143 Bhing Cay K71
A white nmeplostic privary Faolin, supplicd by Steetloy
Tndustrios, proground te sdous 63 nleretod roes .

' | 14 Birdeood ey 12
A white grit=1ree relvoctory elay low in plasticity,

| supplicd
by Minervals Pty Lid, progrousd Lo mimts 03 wieronel ves.

Avodale Boall cloay,  Taslin of Wy

A woderutoly Lostie provy wend bt eloy supplicd by Huerals
Pry 14d propround o iney than 109 aictonelicn (102 codrser tan
20 rleronetivnY,
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2.1.6 Alumina L ‘ {
Calcined alumina supplied by Comalco Aluminium Lid. Noniinal ; ST S .

fineness 63 micrometres, h ‘ : ‘ By

, ‘ b
2.1.7 Potash Teldspar 200F :
_ Potash feldspar marketed by Steetley Industrics Ltd milied nominally

to finer than 75 miecrometies, ‘

2.1.8 8dlica » R _ : ‘ B ‘ o Loy
Marketed by Steetley Industrics Ltd millied to finer tian 75 mlcrometres, A
Chemical analyses are given in Table 1, ‘ Lo

: !

2,2 Body Composiiion

Nine bodies were investigated with major components falling within
the following compusitional ranges (on a fired hasis); 840, 48 to 65%; Wy
Alz0s 20 to 3643 Mg0 9 to 12%.  Under appropriaie firing conditions :
all bodies were expected to produce a proportion of cordierite aid
to vitrily witlidn the stoneware temperature range:  Cordierite,
2Mp0241,025810,, containg 13.7% MOy 34.9% AL,Os and 51.4% $104.

Galedned alumina was used in five of the bodies to incrsase thedls
alumina content without incieasing the silica content which ds high
in all clays and tale, and is pavelevlarly high in the plastic clays
uded dn the study which ware necussary to produce satigfactory casting
properties.  Bxeessive levels of silica in the bodiess over and
above that required to produce cordicrite and the assoclated ailicate
minerals formed durdng Firing result dn & body with ffee silica
which may be deleterious to its thermal behaviour, Body composdtdons; and
caleulated  chomical analysis, are given in Table 2,

2.3 Body Preparation

Bodles were prepared du porcelain Jar mills, with distillud
water at 057 rolids concentration, with a eharge of porcelain
pebbles to effect nduing ond disporeion,  Bodics were milled for
sufflcient Ume, swilly one half to one houry Lo produce a flutd
glip, Varions gquantitics of codfum silieate and godiun sildiate
and soddu hemanetaphosphate were added to the wills to obtadiy
slips of foveurihle consistency.  Minal slip visensitics were
adjusted after decining from the mills using o Droukideld Synero
Leebyrle Vigcmuor,

2e8 Sy and Gostinp Teboviour

Where possible slips wore adjusted to betwoen 5 and 35 polso
viseosity Ter eastiug in plasteor woulda,  &11 bosties required Jilgh
eohcentrat fons of dedToveulints to obtaln wivime viscooitics at
G55 woldds Gl wmy ef the wlips dhowed marked thitotropy  and
an Jovrcace in viceosity over a period of hoors,  Addition of
w stmtll (0055 drosent of sed besanctaphosphate wasy hotrever,
effeetdve T sadn reducing viccos ity Lo fts previvus level,

Al Bhowgh t e did b poedt deeaibed Jnvecs feal o of Lhe
rhvolopgical boblinviewr of e ohipy 3t wau wetod that the gliag did

sliabd Lioe over o perdod of e eith doily ded toepuiant donoy

to adjust the vioeocitye  As the al Ipe vbabd T ioed they shovad o
Tesser deptoe ol thinat ropy, ‘ ‘
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Only one of the slips (8CT1) could not be deflocculated
saltisfactorily for dradn casting.

The propexrtics of the various slips aie summarized in Table 3.

 8ince only a preliminavy investipation dinto the slip casting
behaviour of the tale bodiss was undertaken, casting rates were
not studied in depth to determine the wall build up to time relatdonships
for each ulip. Therefore, & good casting rate, as exhibited by
all except one of the caqtablo slips examined, denotes in general
a wall buildup of 3 to 4 wmillimetres in 12 to 20 minutes:  SCIZ;
which showed rapid cashing behaviour, produced a wall thickness
of 6 tillimetres din' 5 minutes. @{th repard to the releade properties
of the various slips a satisfactoiy Teledse was generally obtained
within 30 minutes to 1% hours mehOUL the atd of artificial
drying,

3. TESTING OF CAST BODIES

~ S1dps 8CT4,; 64 8 and 9 showed pood cnsLmng behaviour and samples
ware produced for fiying trdals. .

Praliminary Liring trials were undertaken on cast cups produced
from cach of the Tour slips at 1240 to 1260°C. ‘Total firing
times wore three and a hall hours with a ome hour soak at each
Lempurnturno Saaple §CT4 was fired over a range of temperalures
from 1DO0°C to 1250°C vo determine the effect of filrdng on M1heralogya
Water abhnrprion determirations were made on cdch fired product
and on X~ray investigatl . of the mincral phases produced on [dring
wag undertokon on selected samples.

4y RESULTS

Although some diffieulty was inftially ouperdenced in casting
the tale bodivs 16 was frand thos natdsfactory casting behavdour

eould be obtafued frew bodiens fueorpereting up Lo 35% tale whieh;

broadly, beve chonteal copesitions Faveurding the developtont ol
vordierite eu Tiviay, wquired defloceulant Tevels are hlgh

Cand repented doies cver o operiod of days were generally required.

to stabllive the slipe.

Tl X1y vmmﬁ:nit¥uu of savpte 5O ot variuu tenperaturoes

Cindieates thal cordiorite fowm in minor anounds ol Jeast by 1200°C

i sssociotion with otler papnesiug silicaters, naety mapphirine and
protocastat ite and evistobalite,  Althoush Lhw vt appropriate
forrwla Yor sapplirine 5 ooeoripin b6 approsizates HgeddsuS Do,
Conetderabibo. pubneitud fon of Pe® for Hy ooy oeowr ln addition to
g ATALIS T veplocenout.

thﬂlMWﬁH“mW{NWMMHW the eristolalite phase dindufohos
and 15 dbsont et 129076 ot wilel stare the Vived naterial Lo cowpored
predosinet Ty of wolleergotal Biae aormdbor it {Hsdialivn) with
dreesiory el u% unvvhltrnh. it itey jevoooustatite and a braee
of tuayte, ‘ ‘ ‘

(W]
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At the lowest temperatiure examined, 1090°€~1110°C, abundant
amorphous material is present with equal amounts of mullite; ‘
cristobalite, quartz and protoenstatife.. Wit increasing temperature,
and development of the crystalling phases; the proportion of amorphous
matexrial décreases;: ‘ : ‘

Fired samples are strong at all temperatiures and water dbsorptiong
decrease with increasing temperature from 11.6% at 1090°C « 1110°C to
0.206% at 1250°C.  During firing samples distorted, at temperdtures of
1175-1200°C and above, in thin walled products (3 millimetre thick).

Elimination of 10% feldspar from body SCT4 with an incredse in
the tale and clay components resulted in afi inctease in fired water
ahsorption (Sample $6T6) to 4.7% at 1240°C~1970°C. However; mosi
of the absouption was due to surface porosity of the sample whieh
recotded a permeability of less than 0.1 nillidareys.  The fired
mineralogy consisted predominantly of cordiefite with aceansoty
crigstobalite and traces of mullite, proteoenstatite and quartz.

. Substitution of the Ball Clay "H'" in body SCT6 for Axedale ball
¢lay in SCT8 resulted in an dretease in the casting rate, The fived
watef absorption of the product remailned similas.

By climinating the alumina from body SCT8 dnd increasing the
ball clay and china clay, resulting in a body of similay nagnesdim
but higher silica and lower alumina content; & gelf glazlng fully
vitrified produce was produced at 1560°C. X=pay diffyrdetion
showed that the product consisted of well erystalline cordierite
with trace o accosgory amounts of protoenstatite; cristobalite;
quaris uand mullite,

X~ray data and water absorpbion tesults are given in Table 4.

5.  DISCUSSION

The preliminary work dndicates that products congisting of a
high propoetion of cordierite may be produced from a nunber of
tale, clay, aluning and feldspar mixtures whiel are readily slip
cast du plaster moulds,  Slipe dncorporacing Gumeracha tnle
require Tigh levels of delloceulant and ponerally exihibit a degroo
of dnstability, changes in vineosity and thinotrophic behaviour,

over a perlod of doys vhiich may require atlention to maintain

uniforu casting properties.

O Resulty obtained indicate that porous (carthenvare) and
Irpervious {stowcware) productys way be wmofactured Trom tale
bodices wsing eheap Toeal saterfols and that ovemeare producty may
be manufoetuted Viidch contain o signiticant proporiion of cordigrite,
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00032

Distortion observed on firing in thin walied castiigs of
Body SCT4 may be eliminataed by‘iucreasing the wall thiekness
and maintaining a Lempotature slightly below 1250°¢ to produce
a vitrified product, : SR

Tived samples have been dispatehed under gepardte cover,
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TABLE 1: CHEMLCAL ANALYSIS OF RAW MATERTALS

8 o

. -
f
. Cg
& .
G
4t X
3 T
, :
; 3
L
-
. .
B /
Q: ‘ !
; .
L]
=
]

CTale

Ball Clay
'lI{ll

China Clay K. Feldspar Axedale

K37L

Ball Clay

¢/1Q

e B
A e
A
/)
i . :
[ A R
e
ey

S b

Birdwood o

K2

810,

T404
AL,05
Tea0s
el
Mnd
Mg
Ca0
Na,0
K20 -
P05
Inb: I

61.2
0.16
1.51
0.83
2,07
0.01

28. 44
0.13
0.56
0.06
0,10
4.7

3R T e

65.6
1.2
205
1.8
1.0
0.5
0.7
2.4

6.2

45.4
0.4
38.0
0.8
Tr
0:3
0.3
0.4
Oid

13.6

e ek e e sy o et

67,0

18.0
0.3

0.1
0:3
3,6
10:3

-

O:d

61,02
C1.50
2,6

0:94

54.3

17 ;
38.3 |

0.4
0“‘ 05
0.06

13:8

0¥ v
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BODY COMPOSITIONS AND CALCULAFLD CUEMICAL ANALYSE$

(FIRED BASILS)

B

kel
o

Body‘NOa &

~ Composiltion

Si04

Ti0a

A1203

Fezos

¥a0

Mpo |

cao

Nazb

Kﬁo onﬂ

T S S

<

o
[

o Uhthea

st

Tale 33%
Pirdwood
Clay (7%

sa2 E
Tale 40Y%
Feldapar 30%
Alumina 20%
Bridiwosd
Glay 30%

©8CT3

Pale 40%
TFaldspar 10%
Ball '"m" s0%
Mumina 209

8614
Tale 30%

- Teldspar 10%

(qu 74/
Altmina 16%
Clhilha 26%

sCTS

Tale 39,47
Paldspar 10,65
u”u ?4{

China 25%

8076

Tale 3.4y
"N a6, ey
Aamina 10,97
China 28¢3%

sery

CTale 35%

Siliea 10%

AwodaTe 277

Jmna'%m

G
T&lﬁ 3&.&3
AMumiaan 10,9%

‘ A}xi‘dd1l‘ ah )#‘:

Chime 28,499

8619

Tale 23,80

Aroedato “HL

&x, bh

56.40

48519

53.39

56543

62,87

55,59

65,04

54.38

6072

1.36

0:67

0447

049

0,51

0.54

0064

0,62

0,76

3032

35.83

29.0

28,99

19.74

29672

20,006

30,96

ﬁﬁ.ﬁﬂ

0.59

0:58

0,95

0.98

160&

1&04

0.82

UL 82

tey3

0.72

0.87

0:87

0i68

0.85

0.75

076

075

0,71

9,89

11,97

12.28

9.31

12,11

10,65

10,77

10.59

10.18

0,10

0}11

: 0424

0,27

0.29
0.27
a 15
0.16

0.18

0:20 0.09

060 1.08

08 1483

0:85 1,80

0492 1,86

0.52 0.84
0.48 1.08
U\AG

1,23

0452 1,28

0047
0:04

004

0.04

0404
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TABLE 3:
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SUMMARY OF SLIP PREPARATION AND CASTING PROPERTIES

R

o
.
i A ,S‘/' :

@ .

[
% i '
¥+
|
2o 5
: |
ol
G
)
e
i
Y]

b i

00035

Body No. §CT

3

4 5

6

5

8

ey

Sodium siiicate %

Sodium hexametaphosphate % #

Viscosity (poise)
Casting Rata
Drain

Reledse

Pafeacty

0.4
0.4
35
Rapi&
Faiy

Pooi

0:4
0.27
30

Good

- Cleati

Pooy

Some

Otli 064

0:2 01
8 b5
Good Good

Claan Glaan

Satis= Wil
factory
1 hour

0s4

0:225

7.6
Good
Cleati
éatisa

faetory
35 nilng.

04

0:2

7
Good
Clean

Poor

Seme

0.4

0:3

6
Good

Clsan

Satig=

factory

044

0.2

745
Good
Cledn

Saties
fdetoty

Cracked = =
o - sticking sticking
noulds  in mould. in mould
‘ Cast Suftb : :
* Could wot obtain satisfactory deflocculation,
r
e “;4’ d :
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TABLL 4t MIMERALOGY AND WATER ABSORPITION OF FIRED SAMPLES
Body No./Firing Teip:°C SCr4 SCT4 - SCTY scwé - scTe - scT9 L
| 1090°C  1175°C  1225°C  1250°C  1240°C  1260°C f
1110°G¢. 1200°G 1270°¢ ) \
Mineralogy ey
Covdierita/Indialite - T T D D D " C
Mullite A A A fesh P L

Iy

- Protoenstatite

A
Cristobalite : A b A - A AsTr | ‘ -
| A A A A Tr o A
A

Quartz Tr=A Te=A ,Tr : “Tf Ty
Sapphirine ‘ w A A A ‘ = “
Amorphous Material Abundant Present Preseit  Pregeit « Very minor
Hater Absorption 2 11,6 46 0.26 0 hel o Vitrified

. v ok b S i D e e -

Lo oee g e e e e G i o i ey e v

D‘ = Jominant (probably graatér‘thauVSOZ)
= Acccgsory (probably 5*15%5
oy o Tracy (probably «5%)
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1. INTRODUCTION | | , a

As an extension to the work already undertaken in relation to the
utilization of 'Talé/Albite Rock' as a Ceramic Raw Material the Department
of Mines & Energy requested that a commercially imported casting slip
be investigated with the object of producing a similar slip from locally I 2
produced materials incorporating, in particular, talc/albite material. b

The imported product known as Westwnods Clay S1ip is mauufactured ?
in America and is extensively used throughout Australia by hobby ;
cetamists:  The particular product investigated is an earthenware body

composition imported 45 a dry powder. The casting slip is prepared

by addition of water and a product refetrred to as 'dope' (a

deflocculating agent) to the diy powder,

A large range of pre mixed ceramic glazes are marketed for ‘
use with the Westwood!s slip which have been formulated to '£it!
this particular body, It ig generally considered by users of these
products that the Westwood siip must be used with the special pre-mixad
. glazes and vice versa, - The glazes are manufactured by Durican Ceramic
Products Ine, Fresno, Caliiornia, ‘ :

Supplicts of the clay siip recommend that the cast dry pieces
are initially bisque fired at 1100°C fsllowed by applicatisn of
the gldzes, genevally by brushing, followed by a second firing
to a temperature indicated it the instructions accompanying edch
. glaze, usually Orton cone 06-05 (1015°C = 1040°C).

2y OBJECTIVES

The degree of control of slip characterdistics exercised in
a commeredal production shop which may be ¥equited to manufacture
thousands of fdentieal pleces daily over a period of sunths or
years ds totally foreipn Lo the operation of the hobby ceramist,
¥or this reason the investigation deseribed horedt was approached
with a relatively broal vange of objeetives which ave tongidered to
be of primaty voncern to the specdfic dntended market,  The objeet
of the dnvestipation was to produce o alip which

a;  Is readily manufactured from locally available romponents which
maintaln a reasonable degroe of consdstency ovetr a perlod of
time, : ‘ ‘

b)  Has easting properiics and behaviour comparable with Westwood's
Qliﬁﬂ :

€} Has comparable firing behaviour Lo that of bie Westwood's siip,
Troperties aueh ag ghirinkapge, £ired colour and abgorption are
weparded ag bedoy relevant althouph they need wol tecussardly
be fdentieal to sindlar propertics of Westwood's slip.

dY  When fived to 1100°C the resultant product hay adequate strangﬂr
‘ and durablliity to b regarded as comparable to similay products
east from Westwood's slip.




TR e T I T e T T e e e e N T L T e R e ooy - P
' .H = ' o g .\,‘ - k : : E ) Q .
o e ) ‘ ‘ : , ' W c:‘»
5 ; FZ‘T‘; @ RN
.‘; < (, 2 - i + &
¢ K : M l C}"‘ v oo N OO
u"‘ (k—/? ’ ¢ e k \3 w H AG O
\‘ ﬂ " : 7/'}) W e L e Ah.vw? '
. . | y . . . D‘ 7 &
| gooald - SRt
S ’ . ; - X . * ' : V . ' ‘ ‘
R o2 e
A } L ’ ‘ oo 3 o ' ; : ‘
‘ ; e)  After initial firing may be readily glazed with the Duncan range
Y o p ‘ - of glazes and after glost firing these glazes to provide a :
1 surface free of defects, in particuldr crazing, fihich is similar ‘ i ‘ b
i to the glaze finish obtained on a glazed Westwood body. ‘ i C A
o q | \ \ | o
- b : . , L . L i Gﬁw!
j ‘ 3¢ NATURE AND COMPOSITION OF WESTWOOD §LIP : « P f
3 ‘ : ‘ B WL
i P A sample of the Westwood slip, as received, had a solids content - "#
o ‘ of 68,5% and a viscosity in excess of 100 000 centipoise. ~An X-ray ‘ i o
diffraction trace of a dried alicquot of the slip and of a less than N 2
; P 2 micrometre size fraction, which constituted 39% of the bulk L L
o ; . material, indicated the following components to bé present. O N
! : : . Relative Proportion “
RS , Compornent: Bulk Material Less than 2 Miéromette
R Fraction '
e ————
. Talc D Sh 9
Quartz sD T% ‘
Kaolin | 8D D
Caleite A o
Muscovite A Tr-A !
Dolomite ‘ Tr=A N ‘
Amphibole ? Tt ‘ Tt
Legend
D Domihant o
sD Sub-dominant (15-30%)
A Accessory (5-15%)
Tr . 'Trace (<5%)
- The sllp was proy in eolour and thickly pelleds  Agitation was
ineffective in reducing the viscosity of the slip,
4y  INVESTIGATION OF ALTERNATIVE SLIPS
C 4.1 Materdnls
4w
hild Zale T2 | e L |
Jatvind aper-fine preground to minug 75 micromottes, 48 supplied
by Minerals Pty Lede  The material consists of predominantly tale
with 57 of albite (sodium Feldspar), a trace of dolomite and posgibly
. quarkze o Colour is yolloaetfeh,
. ’ 4,142 Melaren Vale White ' :

A plastic siliceous off-white clay containing approxdmdtely equal
proportion of kaolinite and wuseovite aad a trace of potash Eeldopar.
The clay fires to a hard pale yellowish grey produet st 1100°C with an

abgorption of approwimately 9%, The matesial, supplicd by Clay &
Mineral Salew PLy Ltd; way ground to mings 200 mest (75
micrometres) B8, for dneorporation fo casting bodics.
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4¢1.3 Ball Glay 'H' , o
An off-white moderately plastic clay, supplied by Steetley
Industries Ltd, preground to minus 63 micrometres.

4:1:4 Axedale Ball Clay.  Kaolin €/IQ

A moderately plastic, grey,; semi ball clay supplied by Minerals
Pty Ltd preground to finer than 125 miciometres (10% coarser than 20
nilerometres) . ‘ ‘

4.1:5 Whiting » -
A preground yellowish limestone of 75 micrometres fineness: .

4.1.6 Potash Feldspar

A pinkish, potassium feldspar from Broken Hill marketed by
Steetley Industries Ltd milled nominally to finer than 75
micrometres.

4.1.7 Tale T1 ' ‘ ‘ : e
First grade white tale marketed by Minerals Pty Ltd milled
to iminus 53 micrometres (2% retained).
Chemical Analyses are glverd in Table 1.

442 Experimental Procedure & Results

42,1 Preparation of Slips

The viscosity of the Westwoods slip was reduced by addition
of distilled water until a satisfactory consistency was attained.
Nitie alternative slips were prepated based upon the mineralogical
analysis of the Westwood ¢lip, tha known behaviour of the individual

glip comporents and propressive data obtainad duritig the investigation.

Cotipogidtions ate given in Table 2.

Each glip was prepared by blunging the dry components in :
distilled water to whieh 0.6% of Ligquid sodium sillcate, based upont
the dry wedpht of the body components; had been added.  Final
dadjustments Lo the dogrec of deflocculation of the slips,where
tequired; was effected by additions of sodium hexametaphosphate
(Calgon) during blunzing.  ALL slips werc prepared at 65% solids
content and allowed to gtand for 30 minutes prior to testing.

44202 Vigeogity Determinations

After gtauding the slips were stiered prior to meastring thelr
vigeosity using o Brookfield Synero Lectric Viscomebor fdttod with

4 Noo 3 spindle at shear rvates of 10, 20, 50 and 100 rpm to determine
the telativnships of shear stvoss to rate of shear; '

Two of the slipe proved unsatisiactory at this stape due to
excessive viscositics and were vliminated from the beatbing
programusy  Results obtained from the remaluing soven test
alipy plus the stondard Westweods slip are shown i Table 3 and
Graphs 1 and 2. ‘ ‘
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42:3 Castding Behdviour :
Slips werée cast. in-plaster moulds for 25 minutes prior to draining ;
b ‘ for 15 mintites, All slips showed good casting and clean draining ‘ B
 behaviour and although slight variations in casting rate were X W
T noted measurements of wall buildup wereé not recorded since this ‘
property variés extensively depending upon a large number of ' B L
patameters which differ from one cast shop to another,  All ‘ b o )
N slips however showed comparable behaviotr to the Westwood's slip under ‘
P similat casting conditions (wall thickness measured after stripping
[ genetally ranged from 4 to 4,5 mm);

ad

sy

| SR When cast in a relatively. dry mould (5-10% moisture) all ‘
RN S §lips released within 1 hour and casLs were sufficiently vigild 3
for stripping and trimming with 1Y hours of cauting. ‘ ‘

4i2vh Drying & Firing :

Green casts were air‘dried‘for 12 to 24 hours after stripping
follaowed by severe drying at 105°C for 24 hours. ny casts
were strong, Hard and readily handled without sustaining damage.

The casts were bilsque fired in an electric kiin to 1100°C over
( a 7 hour period ineluding a 1 hour soak on peak temperature.  Drying
L and firing shrinkdges; together with 24 hour cold water absorption
and fired eolour results are shown in Table 4

4 i 2 5 Glazihg

Four Duncan B-Z £low cevamic glazcs were applied to the fired
products which were ree«fired to 1040°C over a 64 houx firing cycle
ineluding a one hou# saak oti padk tcmparature.

The glazes used werai Opaque White GL-638; Walnut Brown GL=6066,
Royal Blue GL=634 and Bottle Greean GL-669. No glaze defects which ave
attributed to poor 'fit' of body and glaze were observed on the .
fired products. _ |
' |

Onee Fired glazed ware, filred to 1100°C alse performed satisfactondily,

426 Resistanee to Crazing

A glazed product manufactured from cach of the seven test slips,
and From the Wagtwoods sllps, was immersed in steam at a pressure
of 690 ki/m? (100 psi) For 2 hours iy acecordanmce with the procedund
recommended for defermining the crazing resistance of glazed
vorante tiles (B8 128111974 Speelfication for Glazed coramfc tlles
and tile fdttings for 1nLurnn1 walls)

: : S As shown 4o Table 5 glazus on two of the experimental bodies
(Now 6 & 7) cither erazed or developed fine hairline cracks as a
reault of the test. These bodies vontained the bhighost percentage

Cof potash feldspar, 10% wnd 157 respectively.  The erazing observed
dn these glaves 1o a result of molsture expansion of tho budies
which will veeur pradually when the plazed ware is in serviece,
althouph the time lapss will depend upon the imposcd conditions.

The steam pressure tesl decelerates the rvate of crazing.
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If the porosity of the body is to remain relatively thé sane
crazing, resulting from moisture expansion, may be prevented by
increasing the amount of silica dnd sometines lime and maghesia econtent
of the body: ~ Reference to Table 2 indicates that in all of the
bodies cast the lime and/or magnesia content of the bodies which
do-not show glaze ciazing as a result of molsture expansion is
considerably liigher than that of bodies 6 and 7 which do show
crazing, Further suwportive evidence of the effect of an increased
lime content in a body as a pfevention against glaze crazing as a
result of moisture expansion is shown by the degree of erazing on body 7
whicli contains no lime but a high potash content compared with body
6 which contains lime and consequently shows a lesger affinity for

_glaze crazing,

5:  DISCUSSION

Of the tilne slips investigated five may be considered as
potential substitutes for the Westwoods slip,  These §lips,
numbers 1, 3, 5; 8 and 9 may be readily yanufactured from locally
available materials; have good casting properties; fire satisfactorily
and are compatible with the Duncan plazes.

Of these five siip number 1 has the highest casting viscosity
and a higher yield point (see Graph 2) than the remaining &lips dnd
this could, urder soms circumstances, reduce its ugefulness,
Considderation must be given to the market proposed which is rot
acquainted with many factors such as siip temperatute and sale
content of make up water which will further inerease the viscosity
and yield point of the slip resulting in vaplation in tlie properties
and behaviour of the widp, This body is therefore assipned a

low priovity,

On the bagls of fired propertics all of the renalting bodlaeg
have total shrinkages of 5% to 6%, congiderably lower than tle
Wegtwoods slip (10.5%).  In particular the Eiring shrinkages of
the experimantal bodios are very low, approximately 1% compared with
4% Lor Westwoods slip. Water: absotption of the fired products are
generally double that of the Westwoods slip, however, this factor
is nob regarded as detrimental since all slips develop dadequate

Strenpth for their intetded mirket, exhibic o sharp sound wdng,

and do not show erazing due to moistore expangions

The fired colour of the four potential slips may be used
as u determining velective Factor in which case bodies 5 and 9 are
digtinctly less pinkish rhan badles 3 and 8y and mgy therefore be
preferreds  The pinkish discolouration v? the lailer bodies is
attributed to the higher iron vontent of the'T'? tale aompared wikh
1 tale, ‘ P o
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readily manufactutred from locally available materials to produce
slip cast bodies which have comparable casting béhaviour to the
Westwoods clay slip and are compatible with the Duncan glazes
examlned

substitites for the Westwoods slip and for comparative ptirposes the
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6. CONCLUSIONS

Earthenwdare slips incorporating tale/dlbite material may be

Slips identified as numbers 3; 5, 8 and 9 could be used as

following properties are summarized !

a)

b)

¢)

d)

Casting at 65% solids, when adequately deflocculated; the experimental ;

slips will cast, reledse and develop green strength propertdies

comparable to Westwoods slips

Drying and £iring shrinkages of the experimentdl slips will

be less than those of the Westwood slip and total shrinkages

will be 4% to 5% less than that of the Westwood slip whei
cast undet simildar conditions and fired to 1100°G.

The water absorption of the experimental bodies will be highes

than the absorption of the Westwood slip body. However, tlie
ineteased degree of absorption has not been shown to be deleterious
to the bodies and should not affect thelr in=use behaviohr for

the peneral hobby ceramic fileld.

The fiifed eolour of the experimental bodies will be elthed cream
ot pinkish whed compared with the white Westwood body.  This
difference could be eliminated by selécting raw materdals of
grodter purdty (eontaining less dron).

Some variations in glaze colours may be apparent beotween the
yarlous bodies partieularly when thin glase coatings are applied.
Less overall vardation may be apparent on the whiter bodies;

nubers 5 and 9; than on boddies 3 and 8 when compared with a similax
plaze on & Westwood bady.

Samples of botl plazed and unglazed bodies arc being supplicd.

5

dkiGs
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- FABLE 1:  CHEMICAL ANALYSIS OF SLIP MATERIALS

[
0
I
Yo REECHE
o st &
IR
=g

McLaren
White

Ball Clay
"H"

~ Kaolin

C/1Q

K Feldspar

Tale T1

el 0D
B
ke ® E
%
° )
Ak
_ e
;tj Tale T'2
, fd $103; 61.2
o A1,05 1.51
7 Fes0s 0.83
S Feo 2.07
" - MgO 28,44
- Ca0 0.13
MnO 0.01
i Nas0 056
o . Ks0 0.06
1405 0.16
P05 0.10
503
oL
Cus |
10,1, 47
| g e o it

6940

23.64
1.37
005
0.:43
0:47
0.01
0:22
1.55
2:20
0:04

0,08
0406

0,32

65:6
2045
1.8

1.0
0:5

0.7

2:4
1.2

642

61:02
24:6
0:94

0.81
1 0.07

0.44

3.13

1:50

7:63

67.0
18.0
0.3

0.1
0.3

3:6
10:3

044

63.6
0.:38
0.36
0.56

29.7
0.12

0.07

0}04
0:03

5.27




Q
4 .
o o
N ’
DRI, @
: ' I
) "
¢ ey
M (]
Tyl v
@
v
ey
g
*
[
1 !
) T o
o ; i e
1 ' : y =
: 5!
oy "
” A

TABLE 2:  COMPOSITIONS OF EXPERIMENTAL SLIPS

By
«3 >
Q i B
: k) "
¢ : ‘,v,(l;, * : .
. il
/ ) : ‘i 1
: i oy
| A \
i s <] n!
o i .
‘ 0, i
. 3
i
00046
W

Composition %

Talec T'2

MéLaren“
White

“Tale

T1 - Ball Clay
it

TediTe
Bdall Clay

‘K Feidsﬁér”‘

Whiting

Deflocculant

s B
(i)
0
]
i
‘
= f=t

0 .
W) ; d
i e
@i
Slip No.,
1 35
2 30
3 35
4
5
]
7
8 30
9

35

50

45

35
30
35

35

50
50
50
50

50
50

10
50

10
15

15

15
15
15
10
10

15
15

0.6
0.2
0:6%
0,6%
0.6
0,62
036%
046%
) 0‘6%
0,6%

sodium
calgon
godium
sodium
sod{um
sodd um
sodiiim
g6dd i
goddini
soddm

gilicate

silicate

silicate
silicate
gdilicate
gilicate
gilicate
gilicate
gilicate
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TABEL 3¢ . VISCOSITY DETERMINATIONS

<3

T §1dp

“Shear Stress/Viscosily (cps)

3

5

6

7

Westwoods

Lpm

. 10

5 Rate of
shear (g)

29.5/2950  12/1200

13:5/1350 9.:5/950

18.5/1850 6.2/620 9.2/920

19/1900

:', 20 42/2160  19/950  21/1050  18/750  28/1400  10/500  15/750  28/1400 z'”
,] S 50 68/1360  35/700  36.5/730  27/340  47/940  18.8/376 29/580 41/820
100 100+/1000+ 58/580  58/580  43/430  72.5/725 33/330 49/490  56.5/565
’ TABLE 4%  SHRINKAGE & ABSORPTION RESULTS
§1ip  Drying Firing Tokal fater Fited Colour |
Sh¥inkage Shrinkage  Shrinkage Absorption
p % .

1 1,7 2.4 6:0 18,7 Pinic
3 50 . L0 6.0 19.2 Pink
5 4.3 0.7 5.0 16,7 drééﬁ/whita
6 5.0 1.0 6.0 16.1 Crean
7 6:3 0.5 6.8 10.6 Pink/eteam
8 3.8 1.1 49 15;0 ?iﬁk/créam‘
9 5.3 047 6.0 15.8 By ean

Westwoods G4 bel 105 1.7 White
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TABLE 5:

S D

CRAZING RESISTANCE

e

[y

9

Westwoods

No érazing or cracking

No crazing of cracking

No erazing or cracking

Crazing of blue glaze.

§light hairline

Extensive ctazing of all glazes

No crazing or erdeking
No crazing or ctacking

No e¢razing ot ctacking

ctacking of tomaining 3 glazes

B
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 SUMMARY
Background : :

Extensive deposits of talc exist in the Gumeracha—Lyndoch area

of South Australia about fifty to oné hundred kilometres north~east
of Adelaide.  Much of the talc contains significant feldspar;

5-30%.  Project investigations have been carried out by AMDET,

for the S:A. Department of Mines and Energy‘to identify possibile

markets for this tdle.  This report is specifically directed

towards tiségs of the tale/albite rock, w1thout beneficiation oF

chemical treatment. A previtis investigation, AMDEL Report No-

1235, described the successful development of talé-based
vitrified floor tiles.

ObJectlves

The primary objective of this investigation was to determirie

uses for talc/albite rock. Secondary objectives were to determina

its uses for manufacture of certain ceramic producks namely

refractories; ovetware and castlng slip forvhobby ceranics.

Summary of Work Done:
Ceramic bodies utilizing tale, tale/albite and ioeal’ ceranic.

materials where possible were developed. ProducLs werd evaludbad
dgainst typical desipn criteria to establish the potertial for
these bodies.

Conelusions
Tale/albite voek from Gumexacha/Lyndcch wag shoWn to have

gpecifle uses in relation to

1.

2

3.

Production of high thermal shock refraetorins sultable

for use up ko 1300”6 ot $0,  This material has application
for kiln doors, hearths, Furniture, Fapt~firing sappurs

el cetera, ‘

Production of oven- and cookeware such ag nasseroles; ple-

dishes; aud, possibly; skillets.
Production of casting slips simllar ix cagting, Ciriﬁg and

glazing properties to currently imported lines.
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INTRODUCTTION

& %

‘Investigation into the utilization of low grade talc mined in

South Australia specifically for use in the ceramic industry has been

indertaken of a period of years.

This work;, sponsored by the

South Australian Department of Mines and Energy, followed from

‘previous investigations dnitially designed to evaluate, assess

and c¢haracterize the latge number of tale deposits within South

Australdia.

Large deposits of impute tale exist, and are presently mined,

in the Gumeracha and Lyndoch=Triro areas of South Australia and it is

these deposits, and more specifically the Gumeracha deposits,; which

have been extensively evaluated for & variety of industrial ceramic
uses over the last three years at Amdel.:

Much of the tale mined from these arpas is relatively unique

in that the tale is associated with the feldspar; albite:

The albite

ocelrs both as magsive material within the talc bodies and as finely

/dispersed material intimately associated with the talc.

Drilling undertaken by the South Australian Department bf'Mines
atid Boergy indicates that althoupgh the percentage of albite within
the Gumeracha deposit may vary between 5 and 307 thioughout the

deposit relatively large tornages may be extracted with a consisteit

. level of feldspar,

Turther to the feldspar impurity; the majority of the tale is
iron stained in the Gumeracha area and although hand picked material

of first grade quality may be obtained, any large milning opexdtion
will tesult in production of second to fourth grade materlal. The
prade clasgdfication depending primarily upon the eolour of the
tales  Ground motetdal of third grade quality is peneraily
yellowish to plnk in colour;fourth grade material bedidg more exteusively

ghained.,

Thus the agsoelation of both albite and iron discolouration; due
possibly to both ferric and fertous iton in the tale,downgrades the
vilug of the overall deposits vonsiderably and many of the liigher
prised markets, traditionally the cosmebie and sowe filler applications,
are unattainable for the majority of the tale readily available to

optste st mbaing.
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Two possibilities thus exist, eithet the area of beneficiation

be considered to upgrade the colour of the lower grade material,

possibly with concurrent recovery of feldupar, or uses for ‘the
talc-albite material are more widely considared.

Although only a limited aféunt of work has been undertaken
in relation to improving the colour of the tale résults tend to
suggest that to a degree the discolouration of the tale is due to
ferrous iron substitution within the talc latties, - If this is
proven to be correct Ehen significant improvements in the éélouyr
of the talc may not he attainable,

The materidl aSSOCiathn of the talc and albite has obvious
advantages L1 the ceramic industry where feldspar atd talc are
often used as fluxing materisls and tale itself ds a major body
component. For this reason it was considered Ehat a najor market
operiing could be found for Gumeracha tale in 4 number of ceramic
1ndustr1es particularly if higher valued products, suCh ds tiles
and refractories; could be manufactured,

A previous Amdel Report No. 1235, titled 'Manufactire of Taie

Based Tiles'; outiines the successful development of a fask- ~firing

tile body incorporating seventy percent of third grade Gumeracha

talejeontaining approximately 257 of albite; with thirty percent
of a locally available plastie clay.

The fost recent work,

reportad herein, summar;zes rhree additlonal development projects

to further extend the ceramic uses of the natural tale-albite

materdal, namely. ’

a)  Production of cordierite vefractories

b)  Developmant of slip cagtycordiestite developing bodies

¢) The develbpment of & slip casting body with speedfie properties
and ¢ uitabm]iny for a range of Imported glazes used i the
hobby ceramie Fleld
Four progross reports. uiLlad "Usoy eE Taic/Althe Ronk,

Progrcsa Reports Nos I-4, dmdel Project M 1/17228, tave hitherto
been lssuad,

186y
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2. .  CORDIERITE ‘
Cordierite, 2MgO 2A1,0, 58104 containv 13.7% Mg0, 34,9% A1,05
and 51.4% S10;. In hature it is found in granites, gneisses,

schists and in contact metamorphic zones. Industrially it is

manufactured from talg, kaollnite, magnesia and. alumina. Segnit
& Holland(197l) investigated the use of clinochlore; a chlorite of
comp051tlon Mgs Al,S13036(0H)s, and a good quality kaolinite fof

manufacturing cordierite which began to form at temperatures as low

cristobalite and muilite phages.

With ineredsing temperatire these phases were eliminated resiulting
in only cordierite at 1225°C. Geller & Insley (1932) produted
porous cordierite bodies; with high thermal shock resistance and
low thermal expansion; from bodies consisting of tale,;- kaolln arid

corundum (or caleined alumita) at temparatures of 1350°C and

showed that an ificrease in cordierite was directly respon51b1e

for a decrease in thermal expansmona‘ Numeérous other‘W6rkers

cordierite, generally at temperatures above 1300° Cs Theiss ’
(1943) studied the formation of vittified cordierite bodies in

systems containing feldspar, beryl, spoduniene; nepheline=syenite

and feldspar-zinc oxide combinations ko evaluate their effeck

on extending the Firing range of vitrified products: Generally
cotdierite bodies have short virtifying ranges which creates

problemns in industrial manufacturing and d4s eariy as 1930 in

Germany, alkdllies; iron oxides and red-firing clays were addad

to cordierite insulator mixes to extend thedir Eirdng tanges.

Data produced by Theiss shows tﬁat féidspar, nepheline-syenite
and feldspar-zine oxide used ag a Flug dn vierdified c0rdierite bodies
did extend their vikrificatlon Eiring ranpes.

It is well established that cordierite may form at different
empets turas depending upon the physical and nhcmicnl propettles
of the constituents. For example, the work pravibusly mentioned
of Segnlt and Holland produced a body of only covdiarite conposition
at 1225°C and a well crystallised cordierdte with sinor mulidite
and eristobalite phagas at 1200°C usiog elinochlore and kaolinite.

RS
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Presumably because the chlorite and kaollnlte undergo major
structutral breakdown at temperatures below 1000°C, the
resulting dlsordered structures aré favourable for the éarly
development of stable phases.  However, in the case of talc,
kaolinite and alumina combinations investigated by Highan (1952)
and the kaolinite, magnesia and silica or alumina magne51te and
silica bodies investigated by Jelasic and Kaclan (1967)
températures above 1300°C were necessary to form cordiérite.
Takker et al (1974) studied the production of a dense=
sintered monomineralis cordierite body using finely dispersed
glaéS'powders and raw ciayi They teport that K-ray photographs
taken at 900°C show that the diffraction peaks of cordierite are
~ Between 1100°C and 1450°C this becones the
unique crystal phase.

¢leatly developed.
The process whereby an initial crystal

plase is complétely transformed into cordierite {s complete at 1100°¢.

This is in contrast to cordierite development in traditicnal bédies,
as already mentioned, where cordiarite doss ust begiti to form below

temperatures of approximately 1150°C.

Thus cordierite may be sytthesised relatively easily from a
variety of materlals by selecting components and blending them in
the amount required by the stoichiometrie formula of cordierite.

product is depetident upOH(Lhé flring temperatura and goalk timnq,
the finenvss of the cbmponents, the deccmpositmon dand the degLae
of redetivity of the components. Additdonal variebles have been

found to be of relevance; such as the presenoe of Fluxes and

- This uncomplidatéd proceduré ia, hOWéver,’dniy partialiy satisfaLLory

mineralizers to extend the sintering range and promote self glazing

of vitrified products and the additional of excess alunina to

‘broaden the filring range and reduce the thermal expansion af.

cordinrite bndy (Ba;ta and Sadd 1973).

iggy
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3:  CORDIERITE REFRACTORY DEVELOPMENT : | o

3.1 Materials - {
3:1.1 Tale T/2 ‘ - "

The talc was a 3rd grade yellowish-pink material (ininus 200 mesh)
desipnated as Jarvind Super-Fine T/2, preground to mints 75 micro-
métres supplied by Jarvis Industriés Pty Ltda Analysis by X-ray
diffraction shown in Table 1 indicated domiuant talc with
approximately 5% of albité and a trace of dolomité. A possible

faint trace of quartz; outside the linmit of estimation, was

indicated:. The chemical analysis given in Table 1 indicates a

soda content of 0. 56/, confitming the aibite estmmatlon, and 4

0+13% level of caleium which may be attributed to dolomite.  Ferric

and ferrous oxides account for 2.9% of the composition: If the
tale were of ideal composition then the magnesium would aceouit
for 574 6f the siiiea leaving an extess of dppro¥inately 4% of
which 3.3% may be attribited to the albite and the remainder ko
exceds silica:

A dry sereen size analysis is given in Table 2,
3 1.2 williamstown Sllllmanlte Glay

A high alumina vefractory eclay from Williamstown in Sotith
Austtalia containdng approximate equal proportions of kaolinite
and sillimanite and sub=dominant (15~30%) miea (muscovite and
paragotilte) .  Accessory quartz estimated at betwesh 5 and 15%
is present topether with a trace of pyrophyllite (¢54)« The
clay is non-plastie, white dn colour, and contains 0.5% ferric
iron, 43.4% AlaOsy 64.3% 840z, 1+36% Ti0s, 0,52% Nas0 (attributed
to paragonite) and 1% Ks0 (muscovite)s  The clay was preground to
4 rofitnal Fineness of 600 mickimatres (25 nesh B‘S»S‘) A
complete analyesis is ehown o able 1,

3:1:3 BlrdWﬁoﬂ”RefradtdtV Clay

A white refractory china clay preground &b 63 nicrometros (250

“mesh B.$.5.) supplied by Minerals Pey Ltd, The clay is bagdeally
 free from fluxing oxides and comtains' 36% AlsOs and 45% 8405, A

nhemiaai analysis ls given in Table 1.

*Company now Minerals Pty Ltd
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3.2 Body Compositfons and Preparation

A 1:3 molar miix of tale and each individual clay was chosen for the

composition of the experimental cordierite bodies (32.8% tale:67.2y% clay).

Using the Williamstown clay, thée mixk thus contains primatrily 10% Mg0';
32% A1:05 and 53% S10; on a fired basis cortesponding to 4 formulation
Mg0:1.24 A1,05:3.5 $10,.  Theoretical cordierite contains 13.6% Mgo
35% Al20s and 51.4% 510; (Mg0:A1;05:2.5 $10). ‘
With Birdwood Clay the mix contains 9.8 MgO, 30% Al,0s and
56% Si0s corresponding to a formulation MgO:1:2 A1,05:3.8 S10s.
Mixes incorporating the Williamstown clay were wet milled to

‘vprodUce bodies of variots £1neness for pressiig dnto tiles, firing

and subsequiént evaluation. Samples of the Bi;dwood talc/elay
body were produced by extrusion.

| | 3:3 Firing aﬁdﬂTéétiﬁg,Prqééduféé

Samples were fired in both electric and gas kilns at temperatures
ranging from 1250°c to 1400°C with firding cyaies varying from 44
hours ineluding a 1 hour soak to a 3 hout eycie incliding a 2 hour
goaking period,

- The fired products were analysed by X-ray diffrackion
techniques and physical properties such as bulk density; apparent
porosity, watér absorptiot, fifing shrinkagé and modulis of
rupture weve determined,

Detadils of mixes, firing cbndlLlOns and fired propertics
are gilven in Table 3,

3.4 Minetalopical and Physical Propertics
of IMred Products

ALl fived produsts consisted predominantly of indialite
(Miyashiro 1957), the hesagonal polymorph of wordierite 1n
assoclation with eillimanite, in the Williamstown elay bodies,
and a trace of quartz.,  Protoenstatibe is progent lu some
products up te 1310°0,

L1860
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Clay)

A 1250°C sample waq not produced but at 1270°C hlghly crystalline ‘ ”_ 

indialine i well developéd in association with an accessory amount
of remanent sillimanite and traces of protoenstatite and quartz. i

With an increase in temperature to 1290°C the protoenstatite:

redcts with alumina to form indialite. The remainlng crystalline
bodies produced are hard, densé and near vitrified at 1290°C at
which temperature a very thin glaze was détectable on the surface.
Notable distortion was evident at 1310°C and a heavy glaze was
well developed. ‘

3.4.2 Bodies Finer Than 300 Micrometres (Tale/Williamstown Glay)

» Highly crystalline indialite is well developad at 1250°C in

associdtion with quartz, protoenstatite and remnant siliimandite.

With increasing temperature up to 1370°C indialite incredses
in relative proportion and sillimanite decreases. Protoenstatite

is present up to 1510°0 in trace amounts and quartsz (2~3%) persists .
throughout the firing cycle.

Geérnerally the degree of crystallinlty of the indialite was
not found to vary qignifLCantly with higher firing temperdtures
The fifed producks were strong; crystalline and pordus

ranging in colour from off-white at 1250°C to greyish at 1340°C
and tan at 1400°C.  Piring shrinkage; water absorption (2 hr
boil) apparent porosity and bulk density results shown in Table 3
indicate an initial decresse in water absorptlon from 13.4%

at 1250°G to 4.4% at 1340°C followed by an increase to 10,4

at 1400°0:  Yiring shrinkages vange from 2.1% L6 2.5%7 with the
excépbion of the 15&U?C‘samp1m9 whileh tecorded a 3.2%

flvdng shritkape, The absorptivt snd slirdnkage results dra
consistent with an inerease in bulk density at tles tamperatire
from ut average at other tempuratures of 1.9Y (range 1,97 =

2,02) to 2,13 and a significant teduction in the dpparent
porosity of the body from 22.0% at 1310 to 0.7 at 1340%C,
Above 1340°C the flred tiles sliow an inersase in surbace poraslty.
Exaniination supgests that a loealized sinterdny process talos
places  Pores or vesicles develop throughout the bb&ieﬁ
surtounded by & yollowlel erystalline halo.

The .

o B
v"‘ :‘
D

3.4.1 Fipe Grained Bodies = Less than 75 micrometres (Talc/Williamstown e
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Modulus of ruptiure fesults wetre limited to one determination S
at each temperature and are therefore regarded with caution:

However, the results are in general agreemeént with other ph¥sical |

parameters already considerad and‘the highest strength Tecorded
of 34 MPa at 1340°C appears to verify
of sintering

i
>

that an increased rate
does oceur in the range of 1340°C with a subsequént
reduction in Porosifty and watet absorption and incréase in

the shrinkage and bull denséty of the body., Abgve 1340°C the

decrédsa in strength is coh%‘deréd to be attwibuted to the
ificreased POrosity ot the Egdy and resultant disbbﬁtinuity '
of the mineral graing. t“
3:4.3 Coarse Graiﬁed,Body (Talc/Wi1liamstowﬁ Clay)

‘The ¢lay comp

onent of the body contaitis a large proportion
of sillimanite (appfoximatély 35%), an éxtrémely hard and
tough mineral. it is; therefore, this niineral whieh forms

; the bulk of the 20y of plus 300 niicrometre materisy in the

- body. - |

Firing {n 4n electrie kiln produced erystalline porous
produets ranging in esloup from exeam at 1250°C ko light
brown at 1340°¢ and a grey speckiad product at 1370°¢,

Compared with the Fines grained (-300 micrometre) gas
fired body, watep absorptions, porosities and bulk defisities
are of the satie goneral ovdear fqr all tenperaturss betweern
1250°C and 1370°¢ (a 1400°C sample was not Fired) with the
exception of tha 1340°% sample. Ak this téme?aﬁUfé the body
did not sinter to the degree observed in the finer gtaiﬁed
sample and its bohaviour was o significant reversal showing
aﬁ‘ihcreag@ itt watap absorption, appatent porosity and
decrease 1n bulk detigity .

Shidnkapes for the coarser body were higher at 125046
than for the Finer grained body but deerongod vitl Edrdng
temperdture ko g minimum of 1,62 at 1340°¢ followsd by a
slight therense Lo 1.73% ate 1370% dccompanicd by o
desrense iy water absorption and appurent porosity and an
Inetease in bulk density, o

1800
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‘ ‘ ‘ At 1340°C and 1370°C the surface porosity as noted in the P i
‘minus 300 micronetre bodies becane pronounced, partlcularly at the ‘ a @ég"

‘o .
higher temperature‘ whlch is attributed to melting of discrete ‘ ‘“?
; mineral grains. A distinct orange-red mlneral unidentified o,
at this stage;, was observed within some of the larger vacuoles

surrounded by the yellowish crystalline halo. o ?

The 1280°C and 1310°C samples, refired at 1280°C for o v

- 7 hours including a 3% hour soaking period, recorded a slight

e expansion of 0.2% on fefiring and a very minor reduction in their :
‘ water absorption (2 hour boil). ‘ ‘ ’ ! S
3.4.4 Tale/Birdwood Clay Body A A e

Firing at 1250°C prodiicés a high strength potous; | N | o
grejish~yellow produet with a water absorptfon of 2.4%:  An
X~ray diffraction trace indicated that highly crystalline :
indialite is the dominant crystalline phase with a trace of o f
protoenstatite; mullite and quartz. - At 1350°C the material
’tranéforms into a greenish-black; molten, low Viscosity mass. .

-
n.
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4. ~ DISCUSSION - CORDIERITE REFRACTORY BLENDS

| The investigation has shown that synthetic indialite is
readily produced from a combination of 32.8% Gumeracha talc,
containing 5% albite, and 67.2% of high alumina Wwiliiamstown eclay
dﬁriﬁg fast firing cycles at temperatures as low as 1250°C.

The #indialite shows a high degree of crystallinity at all temperatures
which does not appear to vary sighificantly over the range of
temperatire and time conditions imposad.

‘ Increased firing temperature and soaking timé alters
the mineralogy of the fired saﬁples within a series (constant
patticle size). Broadly, tith increasing témperature, indialite
increases in proportion and sillimanite decreases marginally.
Protoenstatite disappears with increasing temperatire and was
not detectable above 1310°C.  iHowever, its presence or abgencé

in the fired product is also deépendent upor soaking time and

fineness of the mix components.

Tt very fine grained samples protoenstatite wag not
detected at 1290°C but ini coatser paiticle sized samples; produced
from cycles with shorter soakiﬁé times, it persists to & higher
temperature. Protoenstatite disappeared ﬁﬁon refiring the

1280°C coarse grained sample at the same temperature with 4

goak of 3l houts. | | o
The pattiele size of the mifierdl domponents of the mix

1s the most significant controlling factor on the type and nature
of thn firved product. Fine grinding of mineral components
produces destse vitrified (or low absorption) products at 1270°¢
but coarses grduﬂd samples remain porous up to at least 1400°C
whett fast Edving cyeles are used.

 fThe combination of tale and Blrdwood elay examined
lacks the ﬁéfrﬁctory propertios of the tale and §411damstowt
clay bodys  However, the assoslation of high stroenpgth and &
substantially cordieritic minevalogy at 1250°C implies thab
cotamic articles may be manufactured sulvable for applications
which demand both strength and low thermal ewpansion.  (The
latter propetty is unly‘assumnd at this stape based upon the
determined minetalogy) +

1560
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C ' 5. SLIP CAST CORDIERITE BODIEs .
' = A second phase of déevelopiment relating to cordierite
production was directed toward the manufacture of slip cask
cordietrite bodies which may be sultable for the production of
) stone and earthenware products in géneral and more speecifically
’ for ovenware.
B cF | Ceramic ovenware was considered siuce the previous work
S o ‘ has shown that simple talec-clay bodies, incorporating local

2 | materials, readily produce cordierite (indialite) at the normal
e stoneware firing tempetatures (1250°C - 1300°0).  Bodies

. ineorporating a pefcentage of cordierite exhibip a lower coefficient
, | of thermal expansion thai normal stoneware bodiss in whiel
! s cordlerite is absent and thus they show superior heat-shock
: resistarce, an impoftaﬁt chafactérigtic of quality évemware
bodies,
] B 5:1 Materials ‘
’ In additfon to the taia and Bitdwood Clay previously
used a range of clifna clays, ball elays, alumina, feldspa# and
silica were used ig specific bodies.
The additionai materials were
5elel Ball giay i
An offfWhiﬁé‘(piﬁkiSh) moderately plastie clay which
imparts greeti strenghh to a ceramis body:  The elay, as suppiied
by Stectiey Industries Ltd; was preground ko minus 63 tiicromatreas,
5:1.2 ghina Glay k371, | |
A white non=plugtie priary kdaolin, supplied by Steeklay
iﬁdus#fiés, preground to minus 63 il crotmetrasy,
5:1.3 Axedale Ball Glay. Kaolin G/1g
- A moderately plastie grey; seml ball elay suppliled by
Minerals Pty Led preground to Fluer Ehan 195 mictometbros (10% coatser
than 20 micromsires), |
. 5¢lek Aluging ‘
Caleited alumfug supplicd by Comasleo Alumindum LEe.,
Nominal fiﬂeﬁasﬁ Gﬂ*midrcmettués
5.1:5 Potash Feldspar 2008 ‘ . E .
Potuygl féidgpaf marketod by‘Stéaﬁley Itdustries Lid
nilled nomitaily ks finet than 75 micrometiug,
1550
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5:1:6 Silica .
Marketed by Steetley Industries Ltd milled to finer  than 75
micrometres.
Chemical analyses are given in Table 4

5. 2 Body. Compositlon and Preparation

Nine bodies were investigated with major components falling

within the following compositional ranges (ou a fired basis) ; 8105

48 to 654, AL ;05 20 to 36%; Mg0 9 to 12%.

firing conditions all bodies wete expected to produde a proportion

Under’ appropriate

of cordierite and to vitrify within the stonewaré temperatire range.

Caléined alumina was used in five of thie bodies to increase

‘their alumina cortent without inéreasiig the silica content which

is high in aiil clays and tale, and is particularly high in the
plastic clays used in the study which were necessary to prodiice
satigfactery castlng properties. Excegsive levels of silica

in the bodies; over and above that required to produce gbfdiarite
and the associated siiicate minerals formed during firing, result
ia & body with free silica which mdy be deleterious to its thetiial
behaviotr. ' Body compositions, and calculated chemical analysis;
are given in Table 5. ‘ ‘

Bodies were prapatred in porealain jar mills, with distilled
water at 657 solids concentratlong with 4 charge of porcelein
Bodies were milled for
sufficisnt time, usually one half to one hour, to produse a £iuid
slip¢‘ Various quantities of sodium silicate or sodiun silicate
and sodium hexamataphospliate were added to the mills to obtadln
81ips of favourable congistency. Flnal siip viscosities were
adjusted after draining from the mills using ) BLookﬂiuld Syncro
Lectrdie Viseometer,

‘ 5:3 81ip and Casting Behaviour

Where possible slips wers adjusted to belbves 5 and 35 poige
viseosity Fox castitig dn plaster moulds. ALl bodies lﬁqULréd hidghi
concenttations of deflocculants ko obtain minimum viseositiles at
65% solidy and tiary of the slips showed marked thixotropy and
dn dneredse in viscosity ovet a perdied of houry. Additien of
a stall (0.05%) anmount of godlum hexametaphosphate was, however

14506
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effective in again redicing viscosity to dts previous ievel. '
Althouph timie did not permit detalled investigatlon of the |
rheological behaviour of the slips it was noted that the slips did
stabilize over 4 périod of time with daily deflocculant doses

to adjust the Viscosity, As the slips stabilized they showed a

~ lésser degree of thixotropy.

Only one of the s1ips (SCT1) could not be defléeciulated
satisfactorlly for drain casting.

The properties of the various 81lips,
in Table 6.

SCT1~9, ate summatizaed

Since only a preliminary investigation inte the slip casting

behaviour of the talc bodies was undertaken, casting ratés were

not studied in dépth to determifé the wall build up to time

relatlonships for eath slip. Therefore, a good éasting rate,

as exhibited by all except one of the eastable slips examined,

denotes in gererdl a wali build up of 3 t6 4 millimettes in i2
to 20 minutes. SCTZ, which showed tapid caeting behaviotir,
produéed a wall thickdess of € millimecres in 5 fitnutes,
With tegard 6 the ¥elease properties of the various slips &
satisfactory teledse Was generally obtaitad W1th1n 30 minqtes
5.4 Mrdng and Testing of Cast Bodies

Slips SCT4; 6, 8 and 9 showed good casting behaviout dnd

sdmples were produced for firmng tridls,

Preliminary £iritp trials were ndertaken op cdst cups
produced from each of the four slips 4t 1240 to 1760°C. ‘Total
Fring times were thyse and a half hours wikh & one hotiy soak
at each Eeémperatura. Sample SCT4 was fived over a range of

temperatures From 1090°¢ to 1250%C ko determitne the effests of

fletng on tidnetalogy. Water absotpbion datermihahions tere rade

on erch fired product and an X-tay Investigation of tha mireral
phases produced on firing wag underkaken on selestad samples.,
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5.5 Results . . Ly

Satisfactory casting behaviout was obtained from bodies | f?
incorporating up to 35% talc which, broadly, have chemical o i

compositions favouring the dévelopment of cordierite &n firing.

s

Required defloéculant levels ara high and repeated doges over o T
& péeriod of days were genetrally required to stabilize the slips. ‘ i ‘
u The X-ray exumiriation of sanple SCT4 at varioiis {emperatures o ? -
indicates that cordierite forms i ninor amounts at 1éast by 1200°C , t
in associdtion with otler magresium gilicates; namely gdapphirine and
protoerstatite, and cristobalite ‘ | : :
With incredsing temperatire the cfistobaiife phage diminishas T , S
and is absent at 1250°C at which &tage the fired material i
composed predominantly of well-crystalline indialite with accessory
amounts of sapphiring, mullite; proteenstatite and a brace of quartz.
At tHe lowest. temperature examined, 1090°G = 1116°C; abundant
amorphous material is presest with equal amounts of mullite; cristo-
éalité, dqtiarts aind protoenstatite: With lricreasing tempefatdre,
and developmert of the otystaliine plidses; the proportion of
amorpheus materidl dEGreasgsa
Fired sdmples are strong at all temperatutes and watet
absdrptions decrease with fncreasing tempetatute from 11.6% at 1090°¢
= 1110°C to 0.26% at 1250°C, During firing samples distorLed,
at temperdtures of 1175 - 1200°C and above; in thin walled preducts
(3 millimetre thick). ‘
Elimination of 10% feldspar from body SCT4 with an increase
i the tale and clay components resulted in an inctesse in fired
water absorption (Sdample 8CT6) to 4.7% at I240°C~1270“G‘ HowQVer, ¢
fiegt of the absorp&xon was due to surface purosity of the gample ‘ &
Which recotded d petrmeability of less than 0.1 miliidazays.
The fired miteralogy consisted i predominantly of wotdierite with ‘ ‘ E
dceessory crdstobalite and traces of muitmta, prbLocnsLatmté {
and quarts. ‘
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‘ Siibstitution of the Ball Clay 'H' in body 5CT6 for Axedaie bali
clay in SCT8 resulted in an incredase 1in the nasting vaté. The fired
water absorption of the product remained gimilar. | i

By eliminating thé alumina from body SCT8 and increasing the
ball c¢lay and china elay, tesulting in a body of similar magnesium
but higher silica and lower aluiiina conitent:,
vitrified product was produced at 1260°G,

a self glazing fully
X~ray diffraction
showed that the product consisted of well érystalline cordierite
with tra.a
quartz and mullite,

to dccessory amounts of protoenstatite, cristobalite,

X-Yay data and water abosrpticn results . ve givei in Table 7.
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'a hiﬁh proportion ¢f cordierite may be prodiced from a number of
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DISCUSSION = SLIP GAST CORDIERITE BODIES

The prellminary work indicates that products consistirg

3 .

8 of

talcl clay, alumina and feldspar mixtures which are ¥uadily slip

cast}in plaster moulds. ~ Slips incorporating Gumeracha tale

reqdlre high Jevels of deflocctlant and generally exhibit a
degﬂee of instability, changes in viseosity and thlxotrophic
behaviour, over & period of days which may reqiire attentlon
to maintaln uniforn casting properties.,

Results obtaified indicate thae purous (earthenware) dnd

impervisis (storewars) products may be mantifactured f£rom taie

containing bodies and that ovenware prodiéts may be manufacturad

which contain a signlflcant proportion 6f cordierite.
Distortioi okserved on firing in thin walled cdstings of
Body SC14 may be eliminated by ineteasitig the wall thickness

and maintaining 4 temperature slightiy below 12306°6 to produce
a vitrified product.

+
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7. DEVELOPMENT OF EARTHENWARE TALG/CLAY SLIP ;
FOR HOBBY CERAMIGS ‘

Over the past five years or so the hobby ceramic fieid has '
grown extensively within the eastern Australian States and sore
recently ifi South Australia. To o laras extent Fhis market has
beer siippiied by imported mdterials incéluding elay siips and glazes.,

A project wds thus initiated; at the request of the South
Atistralian Department of Mines and Energy to develop a slip
utilizing South Australian tale which would be sultable for thlS
tdrkét and be dompatible with the fafige of imported glazes tged
extensively by the hobby cetamists, |
| Slips currently produced afd avaiiabia in Australia were, din
general, tnsuitable for use with many 6f the 1mported glazes which
had a tendeticy to eraze on the local slips.

The imported glazes are generally applied by brushing on
piéqUé fited castings (1100°G) Foliswed by & glost firing usually
at 1015°c~1040°¢.

7:1 Objectives |

The degree of contrel of slip characteristies exercised is
d commercial production shop which,may be required t6 manufactire
thousands of identical pieces daily ovet & period of iotiths ox
years is tntally forelgn to the opération of the hobby ceramist.

. Por thils tedson the investigation was approached with a ralatively
ibroad rangs of objectives which are eotisidered to be of primaty
concetn to the specific intended market:  The object of the
Anvestigation was to produce a slip which :

(8) Is teadily manufactured from locally available COMPOHBALS 5
ineluding Gumerdecha tale, whicl nafitain a rcasonabie degrae
of cofisistency over a period of time. ‘ :

(b) tlas satisfactoty castdng properLies and behdviour suttcd to
the lobby ceramic fieid, '

‘(é) When fired to 1100°C the resulbant product ko have adequate

' strengtly durability and appearance ﬁb'Be‘fégaf&ﬁd~a satisfactory
éﬂfﬁhéﬂwaré?prddﬁﬁtw |

1800
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(d)  After bisque firing may be readily glazed with the dmported
 range of glazes and after glost firing these glazes to. provide
a surface free of defects, in particular érazdiiig:
7:2 Materials
In addition to some of the materials previously used during

the ifivestigation of taie bO&iﬁa a local plastic clay, & first grade
white tale and a ground iffestons were tsed duving the course 6f the
development tiotk. ‘
7:2:1 MelLarei Vile White : N ‘

A plastic silicesus 6ff-white clay eontaining approximately

~equal proportiocn of kaolinite and museovite and & brdée of potash

feldspars The elay fites to 4 hard pale yellowish grey product
at 1100°C with an absorptlon of dpproximately 9%. The material,

-supplied by clay & Mineral Sales Pty Ltd; wds grouid to minus 200

riesh (75 nitéromet¥es) B.§. fo¢ incorporation in castifig bodies:
7:2:2 Calgdun Gavbondte

A preground yellowish limiestone of mints 75 mictomctres Fineness

First gfade white tale marketed by Minerals Ply Ltd, miiled to
minds 53 micromettes (2% retained).
Chemlcal andlyses of the local cjay atid firsL grade tale are

‘gdven in Table 4.

7:3 Preparation of Slips

Nine aitprnatlva slips were propated based upon the known
behaviour of tlie individual slip comporeiits and prcgressive‘ddta
obtained duting the investigation.  Compositions are given in
Table 8. '

Each slip was prepared by blungiug the dry comporeriks in
distilied wator to which 0.6% of liquid sodium silicate had been
addeds  Final adjustments to the degree of defloceulation of Lhe
slips; where requived, was effected by additions of sodium
hexamauaphu,phaLo (Calgon) during blunging. All slips yoie
prepnred at 65% sollds canLent and allmwad to stand for 30 mitiubes
priar to testing

1806
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7.4 Slip Properties - Behav1our & Results

7 4.1 Vlscosity Determinations

After standing the slips were stirred prior to measuring
their viscosity using a Brookfield Syncro Lectric Viscometer
fitted with a No. 3 spindle at shear rates of 10, 20, 50 and 100
rpm to determine the relationships of shear stress to rate of
shear. |

‘Two of the slips proved unsatisfactory at this stage due
to' excessive viscosities and were elimindted from the testing
programme. - Results obtained from the remaining seven test
slips are. shoyn in Table 9 and Graphs 1 and 2.

7:4.2 Casting Beéhaviour

Slips were cast in plaster moulds for 25 minutes prior to
draining for 15 minutes. All slips showed good casting and clean

draining behaviour. Although slight variations in casting rate

were noted medsirements of wall buildup were not recorded since
p

this property varies extensively depending upon a large numbei of

parameters which differ from one cast ghop to another.

When cast in a relatively dry mould (5-10% moisture) all
s1ips released within 1 hour and casts were sufficiently rigid
_for stripping and trimming within 1% houtrs of casting.
7.4¢3 Deying & Firing

Greeti casts were alr deied for 12 to 24 tiouts after stripping
xollowed by sevetre deying at 105°C for 24 lisurs,  Dry casts were
strong, hard dnd readily handled without sustaining damages

The casts were bisque flred 4n an electrie kila to 1100°C
over a 7 lhour perisd ineluditg a4 1 hour woak on peak temparature.
Dryitig and £irdng shrdnkdpes, togather wikh 24 lour cwid'water
absorption and fived colour results nre ghown in Table 10+
7444 Glazing ‘ ‘ o

Four Duneatt B«Z Flow seramie plazes were applisd to the fired
products wliieh wvere refired to 1040°C over a 8% hour firing eyele
dneluding & oxe hour goak 6it pean tumperatura.

The gluses used were ¢ Upnque White GL=638; Waltut Browd
GLwGGG, Royal Blue GL~634 and Botkle Green GL=66Y.  No glaze uufects‘
whieh are attvibuted to phio 'fit‘ bf body and glaze were observed
on the Eired products,

i
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-:"ﬂ, 7:4.5 Res1stance to Crazing of Glazes o ‘ : ’ .

Tt ‘ A glazed product manufactured from each of the seven test slips,l RPN
. ' o ‘ was immersed in steam at a pressure of 690 kN/m2? (100 psi) for 2 hours o
‘%,»o“?‘ Tl - in accordance with the proceduré recommended for determining thé
' “ . crazing resistancé of glazed ceramic tiles (BS 1281:1974 Spec1f1cation
for Glazed ceramic tiles and tdile fittings for internal walls).

Glazes on two of the experimental bOdlES (Nos 6 & 7) -either

/ crazed or d@veloped fine haitrline crdcks as a result of the test.
‘ These bodies contalned he highest perccntage of potash feldspar, : ; w t‘?.”'Fl
107 and "15% respectively.  The crazing observed in these glazes

is a result of moisture éxpansion of the bodies which will ocecur
gradually when the glazed ware is in service, although the time
lapse will depend upon the imposed conditions. ' The steam pxessure
test accelerates the rate of crazing:

7.5 Discussion = Earthenwate Tale/Glay §lips

0f the nine sllps inVestlgated five inay be considered as
'SU1Lab1e for Hobby ceramlcsa' These slips; Nos 1; 3; 5, 8 and 9
may be readily manufacturéd from locally available materials, have
good casting properties, fire satlsfactorily and are compatlble
with the Dunean QIHZESa
Of these five slip No. 1 has the highest casting viscosity
“and o higher yield point (see Graph 2) than the vemataing slips
and this could; under some elrcunstances; reduce its usafulneSSa
Congidetation must be given to the market ploposed which is not
‘acquainted witl many facLors such as slip temperature and salt
contetit of make up wabay which - wlll further insrease tlie viscosity
and yleld point of the slip resulting in variation In the propertics
and behaviour of the sldp.  Phis body is therufore asslpnod a Low
prlﬁriLy. ‘
Ofi the basie of ﬂired propartles all of tha remdining bodles
. ‘ -~ have low total savinkages of 5% to 6%, In particular the Eiring -
| shrﬂnkagaq of the «gnerimental ‘bodies are very lww, approgimately
1%« Water absufvtiaﬁ of the fired producty aﬁa acceplable for the
Antended matket. Aii slips develop adequate strength for thels
Intended market, exuibit a shary souﬂd rlng atd do not ghow
erazing due to muﬁanure éxpaﬁyiow; |
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The fired c¢olour of the four potential slips may be used as
a determining selective factor in which ease bodieg 5 and, 9 are
‘distinctly less pinkish thad bodies 3 and 8, and may therefore be”
preferred.  The pinkish discoloutation of the latter Eodies is
attributed to the highet‘ifqn content of the T'2 tale compared with
"T1 talc. ' ‘ ' v
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SRR I ‘ , 8  CONCLUSIONS
o v o " The results of the investigation into areas for utilization

BN of Gumeracha talc have shown the matérial to have a wide range of

poténtial applications in ¢eramic bodies:

ey
-4
=

e

"

° ; h' B 0f primary interest is the development of high proportions.
I a ; .
o of well crystalline indidlite; at relatively low temperatures, ‘ -y 0

e " in bodies designed to approach the theoretical chemical requirenents e

P | for cordierite formation.
P T ' ' Considering the simple two component bodiés consisting of
appfoximately 33/ Guméracha talé, contalnlng 5% of natural albite;
' and 67% of high alumina Wllliamstown clay the data obtained from A
’ ‘ the irvestigatior suggests that either low absorptien or potots R
cordierite (1ndnalite) products may be manufactured with properties
latgely readily controilable by varying the grinding eriterion “7;1
for the elay/sillimanite comporent and the firing cyele:  Medium ‘ 53“
sprade refrdctories,; sultable for use up to dapproximataely i300°¢; ‘ _J o
wlth the required characterigtics for normal duLy refractory . \
shapes stch as kiln shelves; sUpports anid blocks are ‘ .
conaidered within tlie scope of attalnabillty with the talc/
wWilliamstovm body.
the area of vitrified cordierite bodies from the same mix
by adjusting the fineness of the componénts and the firing
cyeles requires further ;nVéstigation particularly in relationship
go the fiting range of the fine prained boddes: Cordierits
bodies genetally exhibit relatively short firing ranges whdeh
o _ may cause problems in industeial productlon gltuations. ‘ o 1
§1ip cast bodies, apain of high cordieritic compositioit |
were successfully produced in the laboratory fiom blends |
{neorporating Cumetacha tule, clay; alumina and feldspat. : |
Results obtained sugpest that both cookyare and pereal thermal B f
ghock resistant products and utiliry ware of good quality are
, within the gabpa of the tale bodies investigated, HoWevery
although there is considerable merdt id ysing a low expaitsive |
‘pody for vookware there are digudvantages pelatiig to the problems ‘: |
of plazing such pmoddots‘ Thig aten raquires vxtensive congidatation: ‘
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, T As a general éeramic body component Gumerahca tale has been
R = Shown to be suitable for the manufacture of sllp cast and glazed
VH‘; oy b R : earthenware articles.of comparable quality to- those produced from
B n : oy imported slips as used extensively by hobby ceramists. Tteéms

o o . ‘ La . L i . . b
i \\ Pl produced in the laboratory during the earthenware investigation.
8. e i ’ o . N e . i
[ f " “ . are. shown in Figs 1 =3,
R PR RO S » ‘ ‘ g .
‘ i 8 The known large reserves of lower grade tale in close
R R proximity to Adelaide and the broad range of ceramic suitability
: . ? " pes P
AN E; of the faterial; as indicated by the investigation undertaken,
R R ‘ L L T . e
'_‘ ; suggest that the deposits are 4 valuable source of raw material
Sy L ‘ ‘ L ,
S ‘ for the ceramic industry.
i ,r*’
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00083

VISCOSITY DETERMINATIONS (EARTHENWARE SLIPS)

S1ip

Shear

Stless/V150051ty (cps)
6

5

Rate 6f

shear(s)

rpm

10

29.5/2950
4373100
68/1360

i0o+/10

12/1200
19/950
35/700
00+ 58/580

. TABLE i0:

58/580

13.8/i550
21/1050

36.5/730

9:5/950

15/750
- 27/540
43/430

56/ 1400
497940

72:5/725

18:5/1850  6.2/620 9,2/93%

10/500  15/750
18:8/376 29/580

33/330  49/490

SHRINKAGE & ABSORPTION RESULTS

~ DARTHENWARE BODIES

S1ip

l

Drydiig

ShrInkage

Firifg
Stirinkage
%

Totai

Shrdnkage
%

W;ﬁef |
Absorption
%

Firsd Colout

SR

3.7
5:0
b3
5:0
63
3.8

5@3

2:3
1.0
0.7
1:0

0:5

6:0
6.0
5.0
6:0
6.8
4:9
6:0

18.7

19,3

16,7
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10:6
15.0
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TABLE 8:  COMPOSITIONS OF EXPERTMENTAL EARTHERNWARE SLIPS
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Ball Clay
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TABLE 7:  MINERALOGY AND WATER ABSORPTION OF FIRED SLIP CAST GORDIERITE BODIES |
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Body No./Firing Temp.°C

scré
1090°C
to

1110°C

SCT4
1175°¢
to

SCT4
1225°¢

1200°¢

scT4
1250°C

SCT6

1240°¢C
to
1270°C

SCT9
1260°C

Mineralogy

Cordierite/Indialite‘
Millite

Cristobalite
Protoenstatite
Quartz

Sapphiriie

Amorphous Mﬁterial

Water Absorption %
&

i

A
A
A
A

Abiindant

1146

Tr Tr
A A
D A
A A

TrQA

A A

Tr=A -

Present Preseit

1%

A
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b
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A
i

Tr

4.7
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Very minor

Vikrified

?

5

o
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e
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-
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i3%6

Actessory (probably 5-15%)

Tr = Trace (probably <5%)

Dominarit (probably greater than 30%)
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SUMMARY OF SLIP PREPARATION AND GASTING PROPERITES

Body No. SCT

2

3

4

5

6

7

8

Sodium silicate %

Sodium hexametaphosphate %
' ViSCOéity (poise)

Casting Rate

Drain

Reiéase

0.4
© 04
35
ﬁapid
Fair

Poo¥r

0.4
0.27
30
Good
Clean

Poor

0.4
002

8

“Good
Clean
Satig-

factory
1 Kotk

0.4

0.1

45
Good
Clean

Nil

0.4

0.225

7.6
Good
Clean

Satig-

factory
35 mins.

0.4

0:2

5
Good
Clean

Poot

0.4
0:3
é

Good

Clean

Satis=
factory

Good
Clean

Satis*-
factory

&

Defects Cracked Sotic - ~ = Some = =
: im sticking sticking
motld:  in motilds in mould !
Cast s6fts
* Could not obtain satisfactory deflocctlation.
1566
L .
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SLIP CASTING BODIES COMPOSIT
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(FIRED BASIS)

CHEMICAL ANALYsES

Body No. §&
Cotnpositién

510,

T10;

Al;05

Fe205

FeO

Mg0

' Ca0

Naz0 K;0 P,0s

SCT1

Talc 33%
Birdwoed
Clay 67%

scr2
Talc 402

Feldspar 10%
Alumina 20¢

Brldwood
Clay 30%

SCT3

- Tale 409

FeldspaL
Ball "y

SGT4
Tale 307

Fe]dspar 10%

"W 94y

Altinidna 102

Chiia 26/

SCTS
Tale 39.4%

loZ
304
Alumina 20%

56.40

48.19

53.39

5643

reldspar 10 6% 62.87

figgHf 249 -
Clitiia 26%

S61T6
Talc 844y
M 26,5y

- Alumina 10,97

Chiina 28.5%

ser7
Tale 35%

- Siliea 107
Axedale 274 |

Cliftia 289

sors

Tdale 344

- Alimina 10,92
quda]é 262
Chiiia 28.5/

SOTYH
Tdale 23a8/

Axedale 23y

Chiina 35,2

55:39

54,58

60,72 0.9

1.3

0.67

0:47

0.49

0.51

0454

0.64

{468

oS oo i

30.32

35.83

290

28&99

19,74
29.72
20;66‘
30,56

24,54

0.59

0.58

0.95

Oaggv

1.04

.o

0,82

V.82

0493

0.72

0.87

0,87

0:65

0:85

0:75

0.76

9.89

11,97

12.28

- 9.31

12,11

10865

1077

10.5Y

10,18

.0.10
0.11
0:24

0:27

0#27
0.15

0.16

0.20 0.09
0.60 1.08
1.83

0:8

0:85 1.80

0.92 i.86
0.:52 (.84

048 1508
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TABLE 4:
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EMICAL ANALYSTS oF
USED IN SLIP CASTIN

RAW MATHRIALS
G . BODIES

»‘l /

s e,

Ball Clay ¢Ch

"H"’

ina Clay
K37L

K. Feldspar

Axedale
Ball Clay
..C/10

McLaren
White

Talc

810,

Ti04
Al;05
Fe,0,
FeO
Mt0
Mg0
Cad
Na,0

K40

P 2'05‘
LAOJIS

" 65.6
1:2
20.5
1.8
1.0
‘0.5,
0.7
2.4

6.2

4534

0:4

38:0

0:8

Tr

0:3

0:3
0:4
0:4

13:6

67.0

18.0
0.3

0.1

0.3

3.6
10:3

0.4

61.02
1.50
2.6

“05947

0.8%
0.07
0:44
3:13

7:63

69.4

2.2

23.64

1.37

6.05“

0.01
0.43
0:47
0:22
1.55
0:04

636

0.03
0.38
0.36
‘0;56_
297
0.12
007
0:04

5:27
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.c B
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Bulk Density
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. Ruptre HPa -

Tale/

Minui 7%
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R - TABLE 1i  MINERALOGY AND CHEMICAL ANALYSIS OF RAW MATERTALS
ey | USED IN CORDIERITE REFRAGTORY BODIES

T | | _ , ‘Guméraqha 3rd- Williamstown Birdwood
P ‘ ‘ Grade Tale - Clay : Clay
s Tale D  Kaolinite o
¢ b Feldspat (albite) app: 5% Sillimanite ")

i Dolomite Tr - Muséovite & SD
, L ‘ Paragonite |

e Quartz ? . gidght Tr Quartz A
s Pyropliyliite 1t

S 5105 | 61.2 b3l o 45,3

o 0, o 0:16 1.36 1.7

FeO o 2.07 - | o=
Mo ¢ 28;44 © 0.9 0405
Cao ' 0:13 0.11 ‘ ‘ 0:06 o
Ha30 | 0:56 0.52° S
K10 ,, 6.06 0 ‘ . 6.01
L:0:T. 470 : 166, R i3:8.

” | 9977 98:98 59,71

fizo™ bikt

Hs0" G2k

D Dondtatt ‘ o
aD Co=dominait (approsimately equal propettions)
) Stub~doninant (15-30%) |
A Accessory (5-15%)
T¥ Trdee (less than 5%)

ABLE 2 DRY SCREEN ANALYSIS OF TALC SAWPLE 1/2

Sige i Sereen Sizing BiS,S. Gunulabive % Hebaired

F150 o 100 mesh 0:02
~105 ‘ 150 mesh - 0.02
=75 200 niesh 0426
=53 | | 300 st ‘ 2.28

Lboe



