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1- INTRODUCTION

South °?  "fche 'talc tlllned ftom Gumoracha area of
1S T ; lS,Ual ln that lft *» associated with a varying amount

' ^rk'etJ th1 PaSr haf aff£cted «“« *  the LadicioualmarKcts tor which talc is mined. Further, much of the talc is iron-
5? va^yinp degrees resulting in a discoloured product when

S ' f .,ldl limits its marketability. As neither the presence
generally W n ^ T ^ ^ ? ? 8 i s .uaiform distribution the area has generally been worked with a view to obtaining a number of talc Ptades
cesignated 1st grade through to 4th grade depending upon the degree ’ ’ 
of lion staining. This is achieved primarily by hand sorting
particularly for the higher 1st and 2nd grade products. 8’

denopd^1? ? ! 811 I?6 randomly distributed throughout the
enronni r "i h r area SOme massive fGidspat bodies have been 
encountered, Feldspar proportions in general vary from zero to 30
“ , f  results recent drilling have determined that
selected areas may bn mined and bulked to produce a product with a 
relatively consistent level of feldspar,

o£ a consistent product, containing a pre- 
detolmined level of olbxfce, appears feasible it  is desirable to obtain
mn he s U  Witheut & * * * * * ,  the most i S e g
marked f  ” n tha et,t?eilt ' f f  oktender and coatingmarkets look Lo be m the ceramic field , 6

. already completed has show that a body incorporating
c i gh proportion of talc, which contains approximately 25% of 
albA*°» could,in conjunction with a plastic clay,be used to 
manufacture low absorption floor tiles by fast firing techniques,

'The current investigation considers the utilisation of 
xa x, esagnatod ’3rd oi* 4th grade talc* doptrading upon colour 

bodiosT^8 appmJbnatel* 5?* o£ albifcc> tlio mnufaccura of cardicrifcc

coefficienf'^nf^H 2A1?°* 5sl0^  bbf1ic» unusually low
flan ^ u  1 e:;p'u';;ion and therefore are valuable for
c o n t a i n 1J:hoclt la oJ! importance. Bodies
nro\tur.fi! i c^untialty conn orate have been used successfully for

j ! “, " l ; : r S k K fract” 17lv'“ os*

um*1 > NS0?f VWk W?5i ar,fli8ttt,d 10 tewutiguta the area ofUnglued tmdienito uomwics which may be suitable for kiln furniture,
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2. CORDIERITE

Cordierite, 2MgO 2A1203 5Si02, contains 13.7% MgO, 34.9% A1203 
and 51.4% S102. In nature it is found in granites, gneisses, schists 
and in contact met: amorphic zones. Industrially it is manufactured
from talc, kaolinite, magnesia and alumina. Segrtit & Holland (1971) 
investigated the use of clinoclote, a chlorite of composition Mgs 
Al2S:L20,.o (Oil) e, and a good quality kaolinite for manufacturing 
cordierite which began to form at temperatures as low as 1140oC 
associated with christobalite and mullite phases. With increasing 
temperature these phases were eliminated resulting in. only COrdierife 
at 1225°C. Geller & Insley (1932) produced porous cordierite bodies> 
with high thermal shock resistance and low thermal expansion, from 
bodies consisting of talc, kaolin and corundum (or calcined alumina) 
at temperatures of 1350“C and showed that ah increase in cordierite 
WaS directly responsible for a decrease in thermal expansions 
Numerous other workers have also investigated various talcs and clays 
for producing cordierite, generally at temperatures above 1300°C. 
'l'heiss (1943) studied the formation of vitrified cordierite bodies in 
systems containing feldspar, beryl, spodumene, nepheline-syenite and 
feldspar-zinc oxide combinations to evaluate their effect en extending 
the firing range of vitrified products. Generally cordierite bodies 
have short vitrifying ranges which creates problems In industrial 
manufacturing and .as early as 1930 in Germany, alkalies, iron 
oxides and redefining clays were added to cordierite insulator mixes 
to extend their firing ranges.

Data produced by Theiss shows,that feldspar, nepheline syenite 
and feldspar-zinc oxide used as a flux in vitrified cordierite bodies 
did extend their vitrification firing ranges.

It is well established that cordierite may form at different 
temperatures depending upon the physical and chemical properties of 
the constituents* For example,the work previously mentioned 
of Scgnit and Holland produced a body of only cordierite composition 
at 1225°C and a well crystallised cordierite with minor mullite 
and crlstobalite phase;; at 1200°G using clinoclilore and kaolinite. 
Presumably because the chlorite and kaolinite undergo major structural 
breakdown at temperature;; below 10(}Q!’C, the resulting disordered 
Structures'm\; favourable for the early development of stable 
phases. However, in the cane of tale, kaolinite and alumina 
combinations invest! 71 ted by iluyjvm (1952) and the kaolinite, 
magnesia and silica , or alumina magm-slte and .silica bodies 
investigated by uVlnsir and Uauinti ( l in>7) temper at ut*ts» above 
1300°G were neuuunar/ to 1 ortn camHorUo*
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Takkcr at al (1974) studied the production of a dense-sintered 
monomineralic cordierite body using finely dispersed glass powders 
and raw clay. They report that X-ray photographs taken at 900°G 
Show that the diffraction peaks of cordierite are clearly developed 

between 1100°C and 1450°C. This becomes the unique crystal
phase. The process whereby an in itia l crystal phase is  completely 
transformed into cordierite is complete at 1100°C. This is in 
contrast to cordierite development in traditional bodies, as already 
mentioned, where cordierite does not begin to form below temperatures 
of approximately 1150°C.

Thus cordierite may be synthesised relatively easily from a 
variety of materials by selecting components and blending them in 
the amount required by the stoichiometric formula of cordierite.
This uncomplicated procedure is , however, only partially satisfactory 
since the completeness of the reaction and mineralogy Of the final 
product is dependent upon the firing temperature! and soak times, 
the fineness of the components}, the decomposition and the degree of 
reactivity of the components. Additional variables have been 
found to be of relevance} such as the presence of fluxes and 
minerallsers to extend the sintering range and promote self glaring 
of vitrified products and the addition of excess alumina to broaden, 
the firing range and reduce the thermal expansion of a cordierite 
body (Basta and Said (1973).

3i BltfERlMEhTAL WORK

3.1 Materials

3.1.1 Talc ■
The talc was a 3rd grade yellowish-pink material (minus 

200 mesh) designated as Jarvind Super-Fine T/2, preground to minus 
75 micrometres supplied by Jarvis Industries Pty Ltd. Analysis 
by X-ray diffraction shown in Table 1 Indicated dominant tale with, 
approximately 57. of albite and.a trace of dolomite. A possible 
faint trace of quatlx, outside the limit of estimation} was indicated.
The. chemical analysis given in Table 1 indicates a soda content of 0.567} 
confirming the albite estimation, and a 0.137 level of calcium which 
may be attributed to dolomite (approximately 0.57)« Ferric and 
ferrous oxides account for 2.97 of the composition. I f  the tale were 
of ideal composition then the mugnohiurn would account for 57” of the 
silica leaving an excess of approximately 47 of which 3.37 may be 
attributed to the albite and the remainder to excess silica .

A dry screen site  analysis is given in Table 2-



3c1.2 Clay

clay from tm iLiratw^to^South^uahm itf coluS “lum±im rcfractofy

°£ * ^ ^ A s ^ s ^ s t a s s s t
m  » . ? 2 j r * <S T % ^ e, to 2 S ,1**>-J• . . * * * * * * * q w ttx  ostl*ate‘|U vA  vi V  Ptes°ut together-with n trace of pyroolivlHtn

a a a t l f L  S o W t S i  ? “ “  M  C" S“ Vite> • ‘ *  ’ « 4 U U

3,2 Body Composition

body « 4 J r t e S j f  ci?y m *' cl,8sa' “  tha experimental

° -3 cs " i T :1M^ hx  ^ r fo4 to au.m mo, m  m ,o. «<  s i .«  , * &  cmta±as

* ? * ths « * " « «

. I S l tiilxmanifces w ill remain unreacted in the fifed hodv ««d inn,

g s s s r  e A*5L , l f “  “ ad “ l
Jo? toaction, * * * * * *  01 “ »  • * * « «  ainilarly bo unnviiabie

■,..... , ^though theoretical calculations were done at this qtnp»
be t  f  P ^ " r tion« of t^sncsia, alumina and silica which will 
ptefera!^^i formation of cordletite and protoinstatite it,was considered
pSdS“ o * " *  f ™ 1 « “  - W 5W . xt the fired “p mu, to ptioi to pustulatxng anyalteration of the basic mix.

3,3 Preparation

15 Bioroi-otrotal« nonli B.S.S.) talc hm  than wo?"
BllU'd m , «  aryK'O,.., slurry at 30.: f;oi Ida 1„ 3 "a ll™  taoaH tv 
Porcelain Dali H ills  to (,,) <"y,*
“ ■ M O  (b) Ilnur than »  lama. ,1  i V ” Ĉ “
tho stein,; sima, 1„ Table 3 , h \ ' f 5 on‘1 Cc ,
300 pm ( f t  meal, B.S.S.) ami » <  „ M . «  * 2 *

SS ■ $ ! * ¥ ;  - f )  ^  S L

hi  !•** w 1 s
material prior to pvt!!” ," " 1' llU '' r‘mLl’nl ‘ I*»>URhmL llu«
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5.

3s4 Pressing of Samples

Test pieces consisting of 50 mm square 10 nun thick tiles were 
pressed on flat from each body in a mild steel die at a pressure of 
224 kg/cm2. Additionally, bars 230 mm long by approximately 25 mm 
square cross section under a pressure of 100 kg/cm2 loading 
perpendicular to the 230 him by 25 nun face were made from the Cuarser 
body. Test pieces were dried at 105°C immediately after pressing*

4. TEST PROCEDURES AND RESULTS

4 .l Firing

A number of firing conditions were Used during this in itial 
stage of investigation to determine the general behaviour and potential 
of cite tale-day mixture for the production of cordierite bodies ■,

I* The coarse tile  body was fired in an electric kiln from 1250bU 
to 13706C at 306C intervals over a 4% hour period including 
1 hour soak at peak temperatures Two samples previously 
fired to the above cycle at 1280 and 13i0°C were rs-fired at 
1280cC over a 7 hour firing period including a 3h. hour soak 
at peak temperature to .determine their stability on te~fitings

2 s Tlte samples pressed from the material finer than 300 pm (52 mesh 
B.S.-Ss) were fired in a Bickley gas kiln between 1250eG and 
1400°C at 30°C intervals. Total firing time was 4 hours 
including a 1 hour soak periods

3s The pressed bars were fired in the Bickley gas kiln between 
1250°G and 1370®C at 30°C intervals to the above cycles

4s The fine grained body (minus 75 pm; 200 mesh) was fired in 
an electric kiln at 1270%  1290aG and I310*C in 1 hour 
followed by a 2 hour soaking period.

A i l i f e y i t o x

The mineralogy of the fired bodies was determined by X*tny 
Diffraction techniquess Appro id mate proportions of cordierite and
sillimanito wore estimated by averaging the four major peaks of each 
mineral,

All traces showed that, indlnlile (!!i.yn.;hiro (1957)), the 
hexagonal polymorph of wordier Ur was formed on firing at: temperatures 
as low as LUJU'C ill ns.an-mlioii with nil 1 iuini L u, pro toe ns Lnl. 1 to 
and a trace of quarts.
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4.2.1, -  Loss than 75 i,w

associatloifwith s ^ i c e e s s l J ^ i w S ^ f 1^ ^ 6 Ptadmei in 
traca oE « * M ,  A trace o£ protenstotite WM d o ^ S ? ^  " g i f

« * S K f  « S ‘ act s l“ EM to 6 mwas s t i l l  present, “atecublo at 1290 0. A trace of quarts

4.2,2 Material J'Jncr than 300 ins fso

P t o p o r t S S  . i f ^ L T S ^ S S S S ; e  . ' * “ * •
S t f i g 1! 0^  0 8£ q m tt* reeai^ed f c J S J f g *

cot Eounf t f S v US c » ? S 013 ? f “ j'f.“ l i ,1" i!!y 6 t  « “  iM iaU te was 
to CO„ii« this
throughout the serfeg wag high* b crystallinity

* *2,3 Be.Omitted Sanm'lno
These .samples fifed between i25o6f! *nA i ... * ,■ , ....

minetalogleel associations to those d a ^ rm in ed S  ?t P ?CUfij d sxral ldt‘
OE me to rial Eiuer than * »

op to M x J o e 'S 'S r

M w * M o S 5cpT ,“ 1,m of “ w o « cto " L S c ? ™ 1*6"
was obLveS aUhouci S T f '  .S “ * “ « » • *  i180 1"  to -S S tt.
d e t e c t S  P r o S . t S y .1  ltl was
not to d efin ite ly id m tifijd  2 , , g S ? U! *? f °  1M0! °  but “ uld cooatont an" »  f) ? 1  d 1 1310 C. A trace oE quarts,

Iow (2" 3">> “as detected thtotlfihout the series,

■C w/ h.T ? , 1'?  doltlaXly tired at 1280 and 1310'c but retired at

• g f W i
" T t " * » r  f S p f f a ’S a S f f ’

sample1 L n i l i  sl S «  £oMBerly hi^ t  fired (1310‘ C)

’ eardfaSte'0^ : ^  ° Tf  * *eBW““
to be very similar "to tlr- 1-ibor■><■,CT ' l  t n êloflt^nS5ly it  was found 
composed of fadfaHm and t-infa H i , 1'/!!t«ccd samples In that i t  was 
smimanite and n u llite). fath e"t ! f T  bly a lto« t« ^

9 l , ' B n . 'd  “ W L »  IndiaHte to1’i-l , ,  11 ' -»C J m  {U»i»r«Klma*ulv 2■, a -9 , 3*1 , No
t o t o ? S  ° r ttUart:i WaS in ilui comparative

Mineralogy of the fired samples is shown in Table 4,
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4.3 Physical Properties

4.3.1 Fxno Grained Bodies
lh<i Grained 75 pm (200 mesh) bodies formed hard* dense 

highly crystalline and near Vitrified products at i270“ 13lO°C.
Notabie distortion was evident at I3l0°c and a heavy glaze was well 
developed on he surface of the tile , A Very thin sLze was aLe'ady 
beginning to form at M W Q , The bodies Were light grey in colour,' 
Firing shrinkage at 1270°0 was 3,9% decreasing slightly to 3,4% at 1290eC, 
An accurate measurement at 1310*C Was not poslible due to distortion

m o S ; 70; 3? L t itm  ■1‘ »  “

4.3.2 Codies Finer Than 300 urn (52 mesh k .s . s a
Ttiese fired in the gas kiln produced strong crystalline porous

a n f tan a^"]A00«? £*owt rwhlte at 1250°c to steyish at 1340*6■ ,Uri aL */>D? . G‘ Firing, shrinkage* -Water absorption (2 hr boil)
X P?,r^ ? ° ? Slty atI? fcuik dei1sitF results shown in Table 5 indicate 
a, in water absorption from 13,4% and 1250°C to 4,4%
at 1340 C followed by an increase to 10.3% at 1400°C, Firing 
ottriuagus range from 2,1% to 2,5% with the exception of the 1340*0 

^corded a 3,2% firing shrinkage. ihe absorption 
, nd shrinkage results are consistent with an increase in bulk 
density at this temperature from an average at other temperatures 
of 1,99 (range 1,9.7 -  2,02) to 2,13 and a significant reduction in 

P ^ofity  of the body from 22,9% at 1310 to 9,7% at 
I3" 0 c‘ - Above 1340 C the fired tiles show an increase in surface 
porosity, Examination suggests that a localized sintering process 
is  talcing place. The pores or vesicles occur throughout the 
? r * ? L and?re stlt5:oundt‘d by a yellowish crystalline halo, 
identification of this mineral has not been undertaken at this time,

tllCHJulus °,f  5:upture of the pressed* gas fired bars was 
determined under a throe.point system in general accordance with' 
cue method recommended in Australian Standard AS 1774,3 1977 
(Determination of cold modulus of rupture), A loading rate of 
5 H/eoc was maintained to failure to accommodate for the smaller 
cross sectional, area samples, The H,0,R, was calculated using’ 
tne formula

. k ~ f 'T i b
wliere k ; Hodul.ua of Ituptura (MPa)

W ! Force at failure (newtons)
1 ! Span between bearing edges (mm) 
b j 'Width of test n;vt.iw , (mm) 
d ! Depth of teat spucJm ui (atii)
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ehVflieai<,«5^ h h!,Wnlni Tnb^0 5 ar° in eetlGrnl acreement with' the other 
I t f t 1«  “ S ”  “ ijW otoJ and the Mehcst strMEtl, ttcordod

i 0 appears to verity that an •increased rate at

“ « v i a & i r -

d ttr ib u S  > « T 6 - th« 1ee^ asf  iti s treitgth is. considered to be 
g r S s   ̂ increased porosity and discontinuity of the m m

of ° niy ° ttG saftpl® was avaliabie for a Modulusf Rupture determination at each temperature and two of the 
sampler notable the 1280 and l3iO°G samples, do show Minor
ofmt b f  an ? • Xti J?ne ! r kon fdce *Uftnins Perpendicular to the direction
pres3itipPs:i i S  JrGf f in8 forGei Obviously these were induced during 
pressing since m the cross sectional broken face of the bars (-ho & 
laminations1 are concave relative to the direction of the 
p! essif f  fw ce‘ Although they were not major cones of Weakness • 
faces J™ 1,ass trough discrete mineral grains in the broken ' ’ 
faces they may have reduced the strength of these specimens

4*3.3 Coarse-grained ilorlv
S 1 „ As alreac,y discussed the exay component of the body contains 

large proportion of sillimanite (approximately 351) which is  a 
hard fuel very touch mineral. It in, therefore; thto S e r a i
ttetodv1" 3 n l  ?o!J''1° £-iah  Pl“ S 300 (5Z Ksl,) “ terlal to
l i  eah ttcd ’ a? i o ^ h l j l i r " 140 ° £ th“ b° dy “ * » * « »

produItr?fi1H«f.n1<?:1?iCft,iC r11” producad crystalline porous 
K  fn/J"/. Vj 8 ln Cnl0Hr from croaw at 12S0°C to light brown at 1340 C and a grey speckled product at 1370°C.

Compared with the finer grained gn,; fired body water 
absorptions, poroaitioe and bulk densities w r̂e of the same 
?ffnufirt«?rtk,r f l,r aU tc:.nu rat urns bcUv-n !\,rr'C and l370eG
iamilc S T h  “ !"! " " I  « ? - '> .  « « V " '  I'tlon of tho 13<0"C
inn it * t  ̂ i* a temaci.itin u ! no body did not fiinter to the
^  * " fch0 p.r.tinvd oa.plo and i t r, behaviour
Was a uxguif icarn; reversal til,owing an iivroirv in water absorption 
apparent porosity mid decrcatw in balk density, P

for r -r HV t;lKm;t'r hotl/ '•vr,‘ l!i:’h,,r ’it 1250*0 than
to n mini1! ?  w<H-* flrtoR temperature

d m i : : n .. " 1,1 "  * "•! i*;ht Im-n-aro toI«73,j at 1370 (J .’.coo:ipanicci, --------------v. ,i u. or m . .* mi Y . ' . u o r  ah
and apparmt po,\»»Ily and an iamvaue in bulk density

hi v/nter nhoorpt ion
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. At 1340 C and 13/0 C the surface porosity described previously 
became pronounced, particularly at the higher temperature, which 
xs attributed to melting of discrete mineral grains. A distinct 
orange-red mineral, unidentified at this stage, was observed 
within some of the larger vacuoles surrounded by the yellowish 
crystalline halo. 1

The physical properties of tile fired samples are shown ill lable 6. , •

. ■ The 1280°C and 1310°C samples, refired at 1280°C for 7 hours
0n27Uohnl f ^ ?  h0ur ,soakitlS period, recorded a slight expansion of

2 n r J u  5 f d ? / ery ,lu-ndr ^dnction in their water absorption U hour boil). Results are presented in Table 7.

5. DISCUSSION

. . .  Vest! gat ion conducted to date has shown that Synthetic
indialite is readily produced from a combination, of 32,8%

eoi}ta*niaf  ! lbihe> ancl 67-2% 6* High alumina William^town clay during fast firing cycles at temperatures as
lo-w as, Xf5? c' Thp- indialite shows a high degree of

at al1 temperatures which did not appear to vary 
±mposedC£inely thB ° £ and time conditions

. increased firing temperature and soaking time alters the 
mineralogy of the fired samples wiLhin a scries (eonstant 
p a r t i s  s i M) , SMOdly. increases L i a l i t o
increases in proportion and sillimanite decreases. Protoenstatitc 

]2,ncrcasi,1;3 temperature and was not detectable 
above 1310 C. However, its  presence or absence in Lhe fired 
product is also dependent upon soaking time and fineness of the 
mix components, particularly silliiu m itc,

_  , , i 2 ^ G.ry £*po p it ie d  samples protoonstatite was not detected 
at uju  c nut m coarser particle siaed samples produced from 
cycles with shorter soaking times it  persists to a higher 

Pfotounstatito dispersed upon refiring the 
l.cO { coarse grained sample at the same LemperaLure with a 
soak of j ’s hours,

•n,tt! Pnntxcli' nine of the mineral components of the mix is the 
G'JnLrull'Jl<!' f;lf‘Lnr the type and nature of the 

Induct:. Mu-: grinding of mineral cwnpononlo produces
2rnn«iViLl i U<d abi:ot‘:ii ion) products at l:i7(rc but coarser
ground Mmoles remain porous up to at least l/tOCTc when fast 
firing cycle.;, vuv used.
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The anomalous physical result obtained from a gas fired product 
at 1340"C remains unexplained at this stage. Further 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, in itia lly  fired at 12800C and 1310°C, 
at 1280°C in ati electric kiln resulted in only a minor decrease 
iii water absorptions and in the sillimanite proportion of the 
lower temperature sample, which has reacted with the protoenstatite, 
indicating that the initially-formed components were not stable 
and longer firing periods are required.

6. CONCLUSIONS

The preliminary investigation indicates that the Gumeracha 
talc and Williamstown clay mix has considerable potential for the 
production o f both vitrified and porous cordicrite (indlalite) 
bodies, the properties of which will depend primarily upon the 
fineness of the in itial components but also upon the firing cycle.

The low temperature of formation of indialitej found by most 
investigators Of talc-clay bodies to be in excess of 1300°C suggests 
that production of cordietite products may be undertaken at 
temperatures of 1250-1300aC and chat tlie required physical properties 
of the products may b‘b controlled by cither varying the grinding 
criterion for the in itia l mix or by the addition of pte-fired 'grog' 
to a fine grained unfired body.

Properties of the fired ware demonstrate that strong bodies 
of satisfactory appearance and having, a range of porosities can be 
produced by relatively simple rapid preparatory and firing 
operations.

7. RECOHMENMTIUHS

Prior to this investigation being undertaken it  was envisaged 
that the rolatiom.hip of particle size in the pre-fired body would 
be highly relevant and thin nnpoet was mentioned in the project 
proposal. It  in therefore recommended that this area be further 
investigated in the eoutintuition of the project together with a 
study of 'grog' additions to the basic fine, grained body.



Further work is necessary to resolve the firing behaviour during 
sintering in the area of 1340°C and this would be related to the 
dependency upon grinding. , . ■

Since low temperature vitrification is possible in finely- 
ground bodies, examination.of the firing range of vitrified  
cordierite (indialite) ceramic articles, such as cooking ware 
is recommended. The area of glazed products should also be 
considered.

The thermal shock resistance of the synthetic bodies, not 
investigated to date, should be investigated in relationship to 
specific products, such as refractory kiln furniture and cooking 
ware, within the Scope of the ongoing investigation.

These recommendations are necessary in order to confirm the 
suitability of the body fof commercial exploitation in the fields 
of refractories and low expansion ceramics. Additional tests., 
not recommended at this Stage, Would be necessary to establish 
suitability as electrical porcelain.
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TABLE 1: MINERALOGY AND CHEMICAL ANALYSIS OF RAW MATERIALS

Talc (CE 5199) ClAy (A 4797)

Talc Maj or Kaolinite CD*
Feldspar (albite) app. 5% Sillimanite CD
Dolomite Trace Muscovite & Paragonite SD
Quartz ? Slight trace Quartz A

Pyrophylli te Tr
Si02 61.2 44.31
Ti02 0.16 1.36
AI2O3 1.51 43,42
Fe203 0.83 0.50
FcO 2.07 Hi

MnO 0.01 <0.01
MgO 28,44 0,09
■Cad 0.13 0.11
NazO 0.56 0.52
K20 0.06 1.0
P 2 0 »j 0.10 0.01 ■
L, 0 , 1 , ..4 * 70 7,66

99.77 98.98

11 a 0
HaO

4 i 46 
0.24

*00
SD
A

Tr

Co-dominant (anproximately equal proportions) 
Sub-damilvmt (15-30*)
Accessory (S-155S)'
Trace (leas than 5%)
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7  , i. 0  : . TABLE 2: IikY SCREEN ANALYSIS OF TALC SAMPLE ,

-J / - - ,  ' 7
[ I . Size pm Screen Sizing E.S.S. Cumulative % Retained

t , 

J ■*r?<i pi +150 , 100 mesh , • 0.02

' - . . . I ' Li.' . -105 150 mesh 0.02
■ 7  j: -  75 200 mesh 0.26

n“ .** ■» ,i■ ’ >.i  ̂ i -  53 300 mesh 2.28

V }

" U1
■ '

■>
J .

, i
TABLE 3: WET SCREEN ANALYSIS OF COARSE TALC/CLAY BODY

i ,U

Size pm Screen Sizing B. S. S. Cumulative % Retained
f
i 300 + 5 2  mesh 20.6

( 212. 72 mesh 27.6
150 100 mesh 33.5

, 105 150 mesh 38.4

75 200 mesh 4 3 . 7

%*. p:
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TABLE 4: MNEIMLOCY OF FIRED SAMPLE!!

Composition

Tempera turd °C Indialite Sillinmnito Protoonstneite Quarts

Fine (’.rained SniapldS (IcSS than 75 micrometre (200 mesh B,S ,s._)

1270 D A Tr tr
(51) (9)

1290 ft A Tr
(52) (9)

Samples finer, than 300 Urn (52 mesh B.S.S.)

1250 ft A Tr+ Tr
(37) (13)

1280 D A : Tr+ tr
(57) ( id

1310 ft A ■ tr Tr
(53) (10)

1340 ft A V.- Tr
(61) (9)

1370 ft A - Tr
(64) (7)

samples coarser, fcltah 360 urn (52 mesh B,S,Si)

1250 0 A Tt tr
(46) (13)

1280 ft A tr tr
(45) (12) ,

1310 D A ■a tr:
(49) (13)

1340 ti
(SB)

A
(12)

- tr

1370 ft A U  ' tr
(65) (10)

Red m l ”.T” il,-; (fir- . ' l3fif»9C -  7 hours, 3'; hr sen!*.)

Initial Temperature °C Indialite 3mimankftpociH?>eoenstate Quarts

1280 ft A tr
(SO) (10)

1310 ft A tr
(46) (12)

itnt.d'inf •t i ■ r Plato
ft

(43)
A*

Up)
____i i .  i  i  « *

liOTEt 1ho finin**! lit tit* it 1 • tu <!.••. ti .irate the vavlailim In .n. 'imt; o f
H i t *  tV M  i i j i t v  o o " .  i : D u ;  n  tn »  t i ' l . i t l o n  (_.t p i 'l- c -■ m l . i *, -  <
11u> flinu- '..■!•.■ .!. tiv <1 tilt:i s ; ; n ' ! t i ' i o  nvoM ,v o f  four pt..ih
height!; oi Ike j'.itioiiti.

* Kay he a : i::(nv-' til’ s i l l i .  mite ;,ud mtlllilo.

L E W ft f t r  .

ft ftomlnattl'
A Artv-., .u iv  0 - 152)

■ rr It 'JU - C l " ' ' )

y
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TABLE 5: GAS TIRED TILE SAMPLES -  FIRED PROPERTIES
1*

m  Firing *
Temperature

1 ■* °G

Firing
Shrinkage

%

Water
Absorption

%

Apparent 
Porosity %

Bulk
Density

Modulus 
of Rupture 

MPa

■' ' KM
l . , •1250j 'KV 

1
2.4 13.4 26.5

(
1;97 26.9

C274 kg/c.m2)

| J'" 1280 ' 2.5 11.8 24.3 1.99 28
(285 kg/cm2)

!■ ( . ' . 1310
; l.„

■2*2- 10.1 22 ; 9 2,0 25
(225 kg/cm2)

: 1340 ! r
3.2 4.4 9.7 2.13 34

(347 kg/cin2)

1370 2,3 9.2 20.4 2.02 30.5
(311 kg/cm2)

1400 2.1 10.3 20.7 ] .98
......■ ...

*4 hour firing time including 1 hour soak on peak temperature.
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TABLE 6: ELECTRIC FIRED TILE SAMPLES -  FIRED PROPERTIES

Firing*
Temperature

°C

Firing
Shrinkage

%

Firing Wt 
Loss %

Water
Absorption

%•

Apparent
Porosity

7,

Bulk
Density

i250 2.85 6.4 12.1 24.3 2.0
1280 2.5 6.4 1L 7 23.5 2.0
1310 1.67 6.4 12.5 24.7 1.98
1340 1.6 6.4 13.8 26.5 1.92
1370 1.73 6.4 10.3 20.6 2 i 01

kH hour firing including 1 hour soak at peak temperatures.

table 7: RE-FIRED SAMPLES

Initial Firing 
fempernturo/Totnl/SOak 

0 C Time

Re-firing
(h r s ) Tempera t ur e /  To tal /  So ale 

°C Time
Water Refiring
Absorption Shrinkage 

% %

1280 1 1280 7 3I5 11.3 “0 i 2
1310 4% 1 1280 7 3k 12.0 -0 .2
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INTRODUCTION

Previous investigation'of the ceramic behaviour of low grade talc 
1/1/228) in conjunction with a refractory clay indicated 

that Indialite Ca hexagonal polymorph of cordierite) could be-manufactured 
at temperatures as low as 1250°C. Formation of this mineral in ma-jor 
proportions in certain ceramic bodies* particularly those which operate 
in situations of high thermal shock and intermittant firing conditions is  
advantageous since,in general,cordierite bodies exhibit extremely low 
coefficients of thermal expansion and high resistance to thermal shock.

The initial investigation was based upon a 1:3 molaar mix; of 
Gumeracha 3rd grade talc and Williamstown high alumina refractory 
day* The talc was of low grade quality due to the presence of 
feldspar (approximately 5%) and discoloration. The clay was basically 
a kaolinite-sillii.dnite mixture with 15t30% of muscovite and paragonite and 
minor quartz and pyrophyllite, analysing 43% Al203 and 44% Si02,
Cordierite was detected at a ll firing temperatures up to 1370°C in 
conjunction with unreacted sillimanite* Test tiles produced by pressing 
fired to produce high strength porous products indicating that the 
talc-clay bodies may have some potential in refractory manufacture.

£ Subsequent work, reported herein, has briefly examined the behaviour 
of a similar body using Birdwood refractory clay in lieu of the Williamstown 
material. This substitution of clay was requested by a local refractory 
manufacturer who has indicated some interest in the in itial results and 
for economic reasons would prefer to USe the Birdwood clay.

2. EXPERIMENTAL WORK

2.1 Materials

2.1 .1  Talc.

Jarvind Super-Fine T/2S preground to minus 75 micrometres (200 mesh 
B.S.SO supplied by Jarvis Industries Pty Ltd, The material contains 
dominant talc, approximately 5% of albite, a trace of dolomite and possibly 
quartz. A chemical-analysis is  given in Table It

2 11.2 Clay

Minerals Pty Ltd K2, refractory clay pregrohnd to 63 midfOhietres (250 
mesh B»S tSv)s A chemical analysis is giv^n in Table 1,

2.2 Body.Composition

A 1:3 molaar mix of talc and clay (weight per cent 32.8 Clay:67t2 Clay) 
was selected as the experimental body composition. On a fired basis the 
mix contained primarily 56% Si02 30% A1203 and 9.8% MgO* corresponding to 
a formulation MgO 1.2 Al203 :3.7  Si02 (Theoretical cordierite -  Mg0:Al203:
2.5 Si02) . -

The chemical composition of the mix .is given in Table 2*
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Zt3 Preparation

The raw materials were thoroughly mixed dry prior to addition of 
moisture to produce a body suitable for extrusion. The body was 
allowed to mature for 24 hours in a sealed container prior to extrusion 
using a laboratory Bolton de-airing extruder to produce a 25 mm column 
for firing tr ia ls , A slightly larger extruder capable of producing 
a column of 50 mm by 25 mm cross section was also used but failed to 
produce a column.

The extruded column was cut into individual slugs for testing.

2.4 Test Procedures and Results 

2i4ti Extrusion and Drying Behaviour

The body extruded satisfactorily at 30% moisture, wet weight basis* 
to produce a smooth faced* moderately weak, soft column tfhich wife cut 
poorly, Some improvement would be gained by extruding stiffer, 
particularly in the wire cutting behaviour*

During drying, under static conditions at 35°0 and lO5o0* 
each sample developed a single longitudinal crack; Dry samples 
although of low strength could be handled satisfactorily. Drying 
shrinkage was 4,85%.

2;4.2 Fired Results

Two firings at i250°C and 1350°C were undertaken in a Bickley gas fired 
kiln over a 4 and kh hour period respectively including a half hoUr 
soak at peak temperature.

Firing at 'I2$0°C produces a high strength porous* grSfish^yeliew 
product. ^Firing shrinkage was 3.65% and compressive strength 60 MPa
(615 kg/cmz) measured parallel to the cylindrical axis. Absorption of 

mater:{-al determined after 24 hour of cold water immersion, was 
2Q;4% relative to the dry sample weight.

An X-ray dif f ra'cfcion trace of the fired product indicated the presence 
of well crystalline indlalite with a trace of protoenStahjte and mullite 
and a very minor (1%) trace of quartz.

At l350aC the material transforms into a greenish-black* molten, 
low viscosity mass,

4. CONCLUSIONS

The combination of talc and Birdwood clay examined lacks the 
refractory properties of the previously examined talc and Williams town 
clay body and is unsuitable for general refractory applications.
However* the association of high strength and a substantially cordieritic 
mineralogy at 1250 C implies that ceramic articles may be manufactured 
suitable for applications which demand both Strength and low thermal 
expansion. (The latter property is only assumed at this stage based 
upon the determined mineralogy).

x
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Both drying and firing shrinkages may be reduced with stiffer extrusion 
which should also eliminate cracking during drying. The low green and 
dry strength may be substantially improved by addition of more plastic 
clays, or a small quantity of oentonite to the mix.

The failure to obtain an extrusion column in the larger machine 
is regarded as predominantly a limitation of the machine rather than a major 
oroblem of the body. The particular machine used is  fitted with a high 
pitch aiiger with a high ratio of bore to auger diameter (i*e* 0.61) which 
in effect is inadequate for feeding unctuous materials.

In consideration of the data obtained and implied therefore it  is 
concluded that the body, with minor modification to improve its green 
strength, suitably prepared and fired may be satisfactory for earthenware 
cooking products, general high strength non-refractory porous ceramic 
articles and laboratory ware.

5. RECOMMENDATIONS

Further Work on the utilization of low grade Gumeracha talc should 
follow the general recommendations given in Progress Report No. 1 
(MD 1/1/228). With relation to the talc/Birdwood clay mixture the 
investigation should include aspects of . ( 1

li- Improving the green strength of the body.
2. Slip casting -  cookware, laboratory ware and general earthenware 

products (including glazing).
3 . Alternative forming methods such as "jlggering".
4. Determination of the acid resistance of the product.-

The refractory applications of the talc/Williamstown cldy body 
should be directed toward the aspects of body preparation and in 
particular a study of "grog" additions to a basic fine grained body 
of the same composition for production of refractory kiln furniture.

The refractory properties of the talc/Birdwood blend are poor and 
ho further work on the development Of refractories from this blend 
is recommended.

dk:3.
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MINERALOGY OF RAW MATERIALS

$

, .Talc. (Gumeracha,3rd Grade) Clay (Birdwood K2)

SiOa 61.2 45.3
Tlda 0.16 1.7
Ala'Os 1.51 38.3
F 6 a 0 3 0.83 0.4
FeO 2.07 . r>1
MnO 0.01
MgO 28.44 0.05 '
CaO 0.13 0.06
NaaO 0.56 .}** }
K20 0.06 0.01 |
p 2o3 0.10 ' 1

L.O.I. 4.70 13.8 f
99.77 99.71

TABLE 2: CHEMICAL COMPOSITION OF EXPERIMENTAL MIX

Fired Basis

SiOa 56.4
TiOa 1.37
Ala Os 30.38
FG2O3 0.59
FeO 0.71
MnO
MgO 9.8
CaO 0.09
NaaO 0.19
KaO 0.1

■ Pao 9 0.03

- < v .

V. :

0 , 0

99*68
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i INTRODUCTION

The investigation of the ceramic behaviour of low-grade Gumeracha 
talc has previously considered the suitability of a number of talc bodies 
for manufacture by pressing and extrusion., The most recent work has , 
been directed toward examination of the casting behaviour of bodies 
incorporating talc, whikh may be suitable for the production of stone 
and earthenware products in general and more specifically for ovenware.

Ceramic ovenware is considered since previous work has shown 
that simple talc-clay bodies, incorporating local materials, readily 
produce cordierite (indialite) at the normal stoneware firing 
temperatures (1?.50°C -  1300"C). Bodies incorporating a percentage 
of cordierite exhibit a lower coefficient of thermal expansion than, 
normal stoneware bodies in which cordierite is absent and thus they 
show superior heat-shock resistance, an important characteristic 
of quality ovenware bodies.

Although there is considerable merit in using a low expansion 
body for cookware there are disadvantages relating to the problems 
of glazing since most glazes have coefficients of 6-9 x °0 whereas 
a body which contains cordierite may bo expected to have a thermal 
coefficient of 4 * 10 6 6C or less, Thus, since the glaze is in 
tension crazing generally results. Special glazes arc therefore 
normally required for cordierite bodies, or alternatively self 
glazing bodies are developed.

2. EXPERIMENTAL WORK

2*1,1 Talc
Jarvind Super-fine T 2, praground to minus 75 micrometres 

supplied by Jarvis Industries Pty Ltd (Minerals Pty Ltd), The, 
material contains dominant talc, approximately 52 of albite, a 
trace of dolomite and possibly quarts.,

2 ,1 ,2  W 1  j;1oyJ'j!M
An ofi>wnite (piphinh) moderately plastic clay which iaiparta 

gi t'en strung!u to a rerenie body , The clay, ns supplied by 
Steel ley laiiu"«trie;! hid, wan preground to iiimiu 63 Micrometres *

2,1*3 OIHu.m (May ju m
A White tinn-l'LiM ie pi ir.rll /  haul in, Supplied by Stuutluy 

InduaLri-, pivgiwind to suimi.*. 6J nu rnt.iutres*

t i l th  Birdrntt-1 (H.'-y 1L'
A wli tte it H fee -ivi reel c»iy clay low in pin.,I { c i ty ,  supplied 

by .LneraIn Piy Lid, piv;.iu»nd to mi.me. (,.J w.i'crotiot res,

2,1,6 Ax J i l e  R >11 c 
A l.uuli 1 .a .1! ■■■ p (. 

P l y  L i d  pi e,,1 ouini t o  
2U 11 i ere: ,e( i'cs),

ay*. PiioH.n f/Jf} -
u ie ;m*« \, 1m ? \ c le  ‘ .uj-p 1 ii tl by Miiteratv*;
■ • ’• r than Iki ui 11 m. ■( , i (!')., cu.ir.uer limn
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2.1.6 Alumina
Calcined alumina supplied by Comalco Aluminium Ltd. Nominal 

fineness 63 micrometres. .* ■.

2.1.7 Potash.Feldspar 2001?
Potash feldspar marketed by Steetley Industries Ltd Willed nominally 

to finer than 75 micrometres. ' '

2 .1.8 Silica
Marketed by Steetley industries Ltd milled to finer than 75 micrometre

Chemical analyses are given in Table 1.

2.2 Body Composition

Nine bodies were investigated, with major components falling within 
the following compositional ranges (on a fired basis); .SiOa 48 to 65%;
AI2O3 20 to 36%; MgO 9 to 12%, Under appropriate firing conditions 
a ll bodies were expected to produce a proportion of eordierite and 
to vitrify within the stoneware temperature range, eordierite, 
2Mg02Ala035Si0a, contains 13j7% MgO, 34,9% AlaOs and 51,4% SiO*,

Calcined alumina was used in five of the bodies to increase their 
alumina content without increasing the silica  content which is high 
in all clays and talc., and is particularly high in the plastic clays 
used, in the study which were necessary to produce satisfactory casting 
properties. Excessive levels of silica in the bodies, over and 
above that required to produce eordierite and the associated silicate , 
tnxttmh! formed during firing result in a body with free silica  
which may be deleterious to its thermal behaviour, Body compositions, and 
calculated chemical analysis, are given in Table 2,

2,3 Body Preparation

Bodlen were prepared in porcelain jar m ills, with distilled  
water at 65% solids concentration, with a charge of porcelain 
pebbles to effect mixing and dispersion, Bodies were milled for 
Hul-fleiuul fine, > run'll y one haif to one hour, to produce a fluid 
slip , Various quant 11 i»a of sodium silicate and sodium s llii  ate 
and sodium In. :;,t..vt .jp-ionphutr went added to the wills to obtain 
slip*! of favourable con., latency* final slip  viocooities were 
adjusted after dr.-« .firing from Urn mills using a Brookfield Syncro 
Lurfcrit; ViHctn.iater,

.2-4 J i i jp  and (kisUng.l!ohu’ 'lnur.

Whet,- poui.jbh i , l ips  we i v  adjusted to between 5 and 35 points 
vloeofiJty ior east in;', in pl .u. ier uouJd.,. A i l  bodies n  qulrod high 
conct iiljvil inns iij di i 1 e< eu i ant s to obtain Mininum viator. it i>:i at 
(ib.j !;e.l id :a.i •,...0 ".* ti f Ik* sl ip; .  ;,h,.u< d marked thixotropy find 
fill Jneieaia in v i i e o . i t j  o w r  ,, p, i i ,>11 oJ hours , Addition o f  
a stmilj (O.Uo, > ; ’ unf ni sed;ii;< he...,' -I; pho' ;ph,: I e was, bovi-eef, 
t*i Joe l ive  ill liUMotti." \ 1 • . .  ; i ( y Id i ts  pn-viotis l e v e l ,
Although 1 f;„e did U *t P ,! it (i, 1 til, a ipve , ip. a it„t of Lhe 
rln ologio.t I InbaviuM- ui ( ;i,. ;,1 ip., l; W!S i - md that the slip!,! did 
st.ihili.'e ovei a |f i iod 0 } 1 with d ■ i Iv d- , W , ,-uj.mt do.,'; 
to a d j u  t t ta- v i ' . i  e ;itv . A s  t h • slip?. ! l i . h i l i s e d  tiny shoved a  
leaner d . - i / . e  ol 11; 1: at i opy,
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Only one of the slips (SC.T1) could not: be deflocculnted 
"satisfactorily for drain casting,

The properties of the various slips are Summarized in Table 3.

Since only a preliminary investigation into the slip casting 
behaviour of the talc bodies was undertaken, casting rates were 
not studied in depth to determine the wall build up to time relationships 
for each slip , Therefore, a good casting rate, as exhibited by 
a ll except one of the castable slips examined, denotes in general 
a wall buildup of 3 to 4 millimetres in 12 to 20 minutes* SCT2, 
which showed rapid easting behaviour, produced a wall thickness 
of G millimetres in 5 minutes* With regard to the release properties 
of the various slips a satisfactory release was generally obtained 
Within 30 minutes to 1% hours without the aid of artificia l 
drying*

3. TESTING Of OAST BODIES

Slips SCT4, G, 8 and 9 showed good casting behaviour and samples 
were produced for firing trials. -

Preliminary firing trials were undertaken on cast cups produced 
from each of the four slips at 1240 to 1260*0, Total firing 
times were three and a half hours with a one hour soak at each 
temperature. Sample SCT4 was fired over a range of temperatures 
from 1090*0 to 12S0£’C to determine the effect of firing on mineralogy* 
Water absorption deterndn'tuiomj were made on each fired product 
and on X-ray invootigati. . of the mineral phases produced on firing 
was undertaken on selected samples.

O ,,, i)
.A ■■•‘V':

];i '' •".■ • ■' ■ #5<
o .■ ■ tab

4. RESULTS

Although sumo difficulty was in itially  experienced in easting 
the talc bedim it x:;>s frond ll.-t <:ai i:,factory emu ting behaviour 
could be old lint d .1 kuies in* .i pore Hug up to 35? talc which,
broadly, ha e ch *'i>.i ei,, at*;. H Inn:: favouring (ho dovul opmiuit of 
eoidierile on l‘ !ri.o-* iteijuiird del1o,eulant levelf. are high 
and repeat i d d ; * . ( or a j triod of days were gen rally required 
to Htid.ii.lixe the slip s.

The X-ray exact! im l *on of •p‘,e SCT4 at various temperatures 
indicates that cord ionite foi*,,;; in ninor nmnunl s aL least by ]20{l'*C 
in sssoeiat. ion tr rt li otlvo i. ■!)•;».•siuu s i Lieaft s, nami.’ f y napphirine and 
pmtiHasl.id i t e aad cristobul if e* Although lit.* nest appropriate 
fun in! a for suppiirri.ie in ■ mtcui aht it, >pprrr i .; it->s Mg/Al j »Si ■!0/)o . 
Outlaid* v.s 1»i• * sikvm it tit i(*.j of i\ ■' lor lip, nay occur in addition Lo 
n o n e  A lA lH Ig O f  u  p lu s *  . ' n i l  .

With i'e'i'i in.; loupeivii nr*1 the et Kteki! s» e phase d lltllidisbcfl 
and I , absent at 1J Jf (; at which :ta ;v  iV  i ? . • xl ttMei.'ul i>; composed 
pi t ■*!«,■itti'itf t v of *. ■ J L’-rry dsiiiir card:* ■'; I ( fv.t! i a I i i >■) with 
uece!.!!*>) y tSi.Hiis k * oi supph *. is**, nullits*, p*,* * ucnitat the anti a Ltuco,
O f  t J t l i i t l U .
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At tile lowest: temperature examined, 1090°C-1110°C.abundant 
amorphous material is present with equal amounts of: mullite, 
criotqbala.te, quartz and protoenstatrte. With increasing temperature, 
and development of the crystalline phases, the proportion Of amorphous 
material decreases.

Fired^samples are strong at all temperatures and water absorptions 
decrease with increasing temperature from l i t 6% at 1090°C -  1110°C to
0.2G% at 1250°C. During firing samples distorted, at temperatures of 
1175-1200 C and above, in thin walled products (3 millimetre thick).

Elimination of 10% feldspar from body SCf4 with an increase in 
the talc and clay components resulted in an increase in fired water 
absorption (Sample SCT6) to 4.7% at :240°C-1270°C. However, most 
of the absorption was due to surface porosity of the sample which 
recorded a permeability of less than 0,1 millidareys, The fired 
mineralogy consisted predominantly of cordieritc with accessory 
cristobelite and traces of mullite, protoenstatite and quartz.

Substitution of the Ball Clay "11" in body SCT6 for Axedale ball 
clay in SCT8 resulted in an increase in the easting rate, The fired 
water absorption of the. product remained similar,

By eliminating the alumina from body SCT8 and inercnsing the 
bali clay and china clay, resulting in a body of similar magnesium 
hut higher silica  and lower alumina content, a self glazing fully  
vitrified produce was produced at 1260"C. X-ray diffraction 
showed that the product consisted of well crystalline cordierite 
with trace to accessory amounts of protoenstatite, cristobalite, 
quarts and mullite,

X-ray data and water absorption results are given in Table 4,

5. DISGUSSIOM

The preliminary work indicates that products, consisting of a 
high! proportion o? cord!oriiv may ho produced from a number of 
talc, clay, alumina and foldspni mini urns which are readily slip  
cast^in planter moulds;. Slips incorporating (hsmernchn Laic 
require (ugh level.; of doriorculanL and generally eiihlbit a degree 
of instability, changes in viscosity .nnd. tlsisiotrophtc behaviour, 
over a period of days, which may require attention to maintain 
uniform casting properties* , ljt

V Results obtained indicate that porous (earthenware) and 
Impervious (otou» wave) product s ..ay be s./mufuetured from tnlc 
liedie:; uniup, cheap local i ateriula ami that ovepvnro products Wily 
he sunui'nelurt'd chub con la in a s i girl U caul proportion o f cordinKte*
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Distortion observed on firinn In H-i-f„ i „ , .
Body SGM may I« hy “  f ^  '=“ . “ S» of
and maintaining a temperature slightly b elow m n ‘ r- ̂  
a vitrified product, S y eiow 1250 G t0 produce

Fifed samples have been dispatched under separate cover,

j ,

dk:5.

f .
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TABLE X: chemical analysis OF raw materials
Tale Ball Clay "H" China. Clay IC37L K. Feldspar AxedaleBall Clay C/1Q

iBirdwoodK2

Sid 2 61.2 65.6 45.4 67.0 61.02 54*3TiOa 0*16 1.2 0.4 - . 1*50 1.74.1*0*, 1*51 20.5 38.0 18.0 24.6 38.3Fea03 0.83 1*8 0.8 0.3 0.94 0*4 iFsO 2.0 7 « m . ■ t
MnO 0.01 - Tr u
MgO 26*44 1*0 0.3 0.1 0*81 0.05CaO 0.13 0.5 0.3 0.3 ' 0.07 0.06Naso 0.56 0,7 0.4 3*6 0.44 ■ -
KaO oo 2,4 0.4 10*3 3,13 0.01»aOfl 0.10 - *. •-v 1L.O.I. 4.7 6.2 13.6 0.4 : 7.63 13.8
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m U  2! BODY COMPOSITIONS AND CALCULATED CHEMICAL ANALYSES
(FIRED BASIS)

Body No. & 
Composition

SilO h Ti02 AI2O3 Fgz03 • FeO MgO CaO NaaO KftO P2Os :

sell
Talc 33% 
Birdwood 
Clay 67%

56.40 1.36 30.32 0.59 0.72 9.89 0.10 0.20 0.09 0 .04 '

SCT2
Talc 40% 
Feldspar 10% 
Alumina 20% 
BridWood 
Clay 30%

48.19 0.67 35.83 0.58 0.87 a .  n 0.11 0.60 1.08 0.04

SCT3
Talc 40% 
Feldspar 10% 
Ball "H" 30% 
Alumina 20%

c* jhftfi

53.39 0,47 29.0 0.95 0.87 12.28 0.24 0.8 1.83 0.04

OuJ.4
Talc 30%

, Feldspar 10%
"it" O/.'Y

56.43 0.49 28.99 0.98 0.65 9.31 0.27 0.85 1.80 0.03
Alumina 10% 
Chinn 26%

SOTS
laic '39,48Feldspar 10.6% "H" 24% a* CO 0.51 19.74 1.04 0,85 12,1). 0,29 0.92 1,86 0,04
China 26%
SCTG
Tale 34.4%
"11" 26.2% 
Alumina 10,9% Clii.na 28.5%

55.39 0.54 29.72 1.04 0.75 10,65 0,27 0.52 0,84 0.04

SCT7
Talc 35% 
Silica 10% 
Axedalc 27% 65.04 0.64 20.06 0,82 0,76 10,77 0.15 0,48 1,08 0,04
China 28%
S0T8
Talc 34.4% 
Alumina 1 f). 54.38 0,62 30.96 0,82 0,75 10,59 0.16 0.46 1,23 0.04Axed.ilc 76,2%
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TABLE 3: SUMMARY OF SLIP PREPARATION AND CASTING PROPERTIES

Body No. SCT 1 2 3 4 5 6 ? 8 9

Sodium silicate % 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
Sodiun hexanetaphosphate % 'it 0.4 0.27 0.2 0.1 0.225 0.2 0.3 0.2
Viscosity (poise) iun 35 30 8 4.5 7.6 1 6 7.5
Casting Rate sV Rapid Good Good Good Good Good Good Good
Drain * Fair Clean Clean Clean Clean Clean Clean Glean
Release it Poor Poor Satis­

factory 
1 hour

Mil Satis­
factory 
35 mins

Pbot

i

Satis­
factory

Satis­
factory

Defects vV Cracked
in
mould.

Some 
sticking 
in mould. 
Cast soft: *

- Some
sticking 
in mould

- -

* Could not obtain satisfactory deflocculation.

0 0 0 3 5
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TABLE 4: MX«S8AfcO<8£ AND MATER ABSORPTION OF Ei REd SAMPLES

Body No. /Firing Temp. °C SCT4
1090°G
to
1110°G

SCT4
1175°G
to
1200°C

s c t 4
1225°C

SCT4
1250°C

SCT6 
1240°C 
to
1270°C

SGT9 
1260°G

Mineralogy
Cordlarite/Xndialite Tr If B D D
Mullitc A A A A Tr-A Tr

Cfistdbalite A D A A A-Tr

Protoenstatite A A A A Tr Ti -A
Quartz , A Tr-A Tr-A . Tr Tr : Tr
Sapphirino - A A A - sir

Amorphous Mato.ria.1 Abundant Present Present Present - Very minor

Mater Absorption % 11.6 4.6 0.26 0 4.7 Vitrified

...... ̂ ------ --- — <• «, ...... .........
£

t) =* Dominant (probably greater than 30%)
A * Accessory (probably 5-15%)

Tr * Trace (probably <5%)
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1. INTRODUCTION

,^S exteVsion ,t0 tlie w°rk already undertaken In relation to the 
^ 1̂ zatl° nrof TaW M hite 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 
produced materials incorporating, in particular, talc/albite material.

Thf imported product known as Westwoods Clay Slip is manufactured 
In America and is  extensively used throughout Australia by hobby 
ceramists. The particular product investigated is an earthenware body 
composition imported as a dry powder. The casting slip is prepared 
by addition of water and a product referred to as 'dope* (a 
deflocculating agent) to the dry powder,

A large range of pre mixed ceramic glazes are marketed for 
use with the Westwood's slip which have been formulated, to 'f i t '  
this particular body, It is generally considered by users of these 
products that the Westwood slip must be used with the special pre-mixed 
glazes and Vice versa, The glazes are manufactured by Duncan Ceramic 
Products Inc, Fresno, Caliiornia,

Suppliers of the clay slip recommend that the cast dry pieces 
are in itially  bisque fired at 1100°G followed by application of 
the glazes, generally by brushing, followed by a second firing 
to a temperature indicated in the instructions accompanying each 
glaze, usually Orton cone 06-05 (,l015eC ** ICMÔ C).

2, OBJECTIVES

The degree of control of slip characteristics exercised in 
a commercial production shop which may be required to manufacture 
thousands of identical pieces daily over a period of months or 
years da totally foreign to the operation of the hobby ceramist, 
lor this reason the investigation described herein was approached 
with a relatively broad range of objectives Which arc considered to 
be of primary concern to the specific Intended market, The object 
of the investigation was to produce, a slip which J

a) Is readily manufactured from locally available components which 
maintain a reasonable degree of consistency over a period of 
time.

b)

<•)

d)

Has easting properties and behaviour comparable with Westwood's

Has comparable firing behaviour to that of tne Westwood's s.L„ 
Iropeities such su> shrinkage, f <red colour and absorption ore 
regarded ass being, relevant uUlu,ugh they need not ttocoasarily 
be identical Lo similar properties! of Wesd-wood's Silip.

When fired Lo tlOO C the remilt.mi. product has adequate sLfength 
and durability to be regarded as vomparable to sd.rJ.lar products 
cast from West,wood 'a slip ,



e) After in itia l firing may be readily glazed with the Duncan range 
of glazes and after glost firing these glazes to provide a 
surface free of defects, in particular crazing, which is similar 
to the glaze finish obtained on a glazed Westwood body.

3, NATURE AND COMPOSITION OF WESTWOOD SLIP

A sample of the Westwood slip , as received, had a solids content 
of 6g,5% and a viscosity in excess of 100 000 centipoise. An X-ray 
diffraction trace of a dried aliquot of the slip and of a less than,
2 micrometre size fraction, which constituted 39% of the bulk 
material, indicated the following components to be present.

Relative Proportion
Component Bulk Material Less than 2 Micrometre

_______ ______ . ........... Fraction

rare
Quartz

D SD
SD Tr

Kaolin SD D
Calcite A
Muscovite
Dolomite

• A 
Tr-A

Tr-A

Amphibole ? fr  Tr

Legend

0 Dominant
SD Sub-dominant (15-30%)
A Accessory (5-15%)

Tr - Trace (<5%)

The slip was grey in colour and thickly gelled. Agitation was 
ineffective in reducing the viscosity of the slip ,

4, INVESTIGATION OF ALTERNATIVE SLIPS

4*1 Materials
41.1,1 laic T'a ' '

Jatvind Paper-fine preground to minus 75 micrometres, as supplied 
by Minerals Pfcy Ltd, The ■material consists of predominantly talc 
with 5% of albite (sodium feldspar), a trace of dolomite and possibly 
quartz. Colour is yellowish*

i\, l , 2 MjcLajeji jVnlo _ Wjv'te
Aplastic siliceous off-wliile cJay containing approximately equal 

proportion ol kaoluilte and muscovite and a trace of potash feldspar. 
The clay fires to a hard pale yellowish grey product at j.i00t’C with an 
absorption of approximately 9%, The material, supplied by Clay 6 
Mineral Sales Pty Ltd, was ground to minus 200 mesh (75 
micrometres) B,S, for incorporation in easting bodies.
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3*
4.1 .3  Ball Clay 'H1

An off-white moderately plastic clay, supplied by Steetley 
Industries Ltd, preground to minus 63 micrometres.

4*1.4 Axedale Ball Clay. Kaolin C/IQ
A moderately plastic, grey, semi ball clay supplied by Minerals 

Pty Ltd preground to finer than 125 micrometres (10% coarser than 20 
micrometres).

4 .1 .5  Whiting
A preground yellowish limestone of 75 micrometres fineness.

4 .1 .6  Potash Feldspar
A pinkish, potassium feldspar from Broken H ill marketed by 

Steetley Industries Ltd milled nominally to finer than 75 
micrometres.

4 .1 .7  Talc T3
First grade white talc marketed by Minerals Pty Ltd milled 

to minus 53 micrometres (2% retained).

Chemical Analyses are given in Table 1.

4.2 Experimental Procedure & Results

4.2.1 Preparation of Slips
The viscosity of the Westwoods slip was reduced by addition 

o£ distilled water until a satisfactory consistency was attained.
Nine alternative slips were prepared based upon the mlneralogical 
analysis of the Westwood slip , the known behaviour of the individual 
slip components and progressive data obtained during the investigation 
Compositions are given in Table 2.

Each slip was prepared by blunging the dry components in 
distilled water to which 0 . 6% of liquid sodium, silicate , based upon 
the dry weight of the body components, had been added. Final 
adjustments to the degree of deflocculation of the slips,where 
required, was effected by additions of sodium hexametaphosphnte 
(Calgott) during blunging. All slips were prepared at 65% solids 
content and allowed to stand for 30 minutes prior to testing.

4*2.2 ViKoosi ty Detormi tint long
After standing tin* slips wore* stirred prior to measuring their 

Viscosity using a Brookf:ie.ld Syncro Lectrtc Viscometer fitted with 
a No. 3 spindle at. shear rules of 10, 20, 50 and 100 ppm to determine 
the relationships of shear stress to rate of shear*

Two of the slips proved unsatisiactory at this stage due to 
eKee.sst.ve vinous!Lies and were eliminated from the tesLing 
programme. Results obtained from the remaining seven test 
slips plus tins standard Uentwockla slip are. shown in Table 3 and 
Graphs 1 and 2 .
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4.2 .3  Casting Behaviour
Slips were cast: in plaster moulds for 25 minutes prior to draining 

for 15 minutes. All slips showed good casting and clean draining 
behaviour and although Slight variations in casting rate were , 
noted measurements of wall buildup were not recorded since this 
property varies extensively depending Upon a large number ot 
parameters which differ from one cast shop to another. All 
slips however showed comparable behaviour to the Westwood's slip under 
similar casting conditions (Wall thickness measured after stripping 
generally ranged from 4 to 4,5 mm).

When cast in a relatively dry mould (5-10% moisture) all 
slips released within 1 hour and casts were sufficiently rigid 
for stripping and trimming with lk  hours of casting.

4.2.4 Drying & Firing
Greert casts were air dried for 12 to 24 hours after stripping 

followed by severe drying at 105°C for 24 hours. Dry casts 
were strong, hard and readily handled without sustaining damage.

The casts were bisque fired in an electric kiln to 1100°C over 
a 7 hour period including a 1 hour soak on peak temperature. Drying 
and firing shrinkages, together With 24 hour cold water absorption 
and fired colour results are shown in Table 4.

4.2.5 Glazing
Four Duncan E-2 flow ceramic glares were applied to the fired 

products which were retired  to 1040*0 over & 6k hour firing cycle 
including a one hour soak oil peak temperature.

Hie glazes used were! Opaque White GL-638, Walnut Brown GL-666,
Royal Blue GL-634 and Bottle Green GL-669. Ho glaze defects which are 
attributed to poor 'f i t '  of body and glaze were observed on the 
fired products,

Once fired glazed ware, fired to 1100*0 also performed satisfactorily,

4.2.6 Resistance to Crazing
A glazed product manufactured from each of the seven test s lip s, 

and from the Westwoods slips, was immersed in steam at a pressure 
of 690 kll/inz (100 pai) for 2 hours in accordance with the procedure 
recommended for determining the crazing resistance of glazed 
ceramic tiles (BS 1201:1974 Specification for Glazed ceramic tiles  
and tile  fittings for internal w alls)*

As shown In Table 5 glazes on two of the experimental bodies 
(Wos 6 & 7) either crazed or dive]oped fine hairline cracks as a 
result, of tin* test. Those, bodies contained the highest percentage, 
of potash feldspar, 107. and 15,':; respectLvely. The crazing observed 
in those, glazes is a result of moisture expansion of the bailies 
Which will occur gradually when the g,lazed ware is In service, 
although the time I,ips<3 will depend upon the imposed conditions.
The oLeam pressure ttoL aeceL<raLcs the rate of craning*
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l f  the porosity of the body is to remain relatively the same 
crazing, resulting from moisture expansion, may be prevented by 
increasing the amount of silica  and sometimes lime and maGnesi'a rnni-«me 
of the body* Reference to Table 2 indicates that in all6 of the 
bodies cast the lime and/or magnesia content of the bodies which 
do-not show glaze cfazing as a result of moisture expansion is 
considerably higher than that of bodies 6 and 7 which do show 
crazing, Further SUnportiVe evidence of the effect of an increased 
lime content in a body as a prevention against glaze crazing as a 
rf f u,lfc of “ O ism a expansion is shown by the degree of crazing on body : 
which, contains no lime but a high potash content compared with body 
o which contains lime and consequently shows a lesser affinity for 
glaze crazing,

5, DISCUSSION

, n^ne s -̂iPs investigated five may be considered as
potential Substitutes for the Westwoods s lip , These slip s,
numbers 1 , 3* 5, 8 and 9 may be readily manufactured from locally 
available materials, have good easting properties, fire satisfactorily  
and ate compatible with the Duncan glazes.

Of these five slip number 1 has the highest casting viscosity 
and a higher yield point _(see Graph 2) than the remaining slips and 
this^couldj under some circumstances, reduce its  usefulness. 
Consideration must be given to the market proposed which is not 
acquainted with many factors such as slip temperature and salt 
content of make up water which, will further increase the viscosity  
and yield point of the slip resulting in variation in the properties 
and behaviour of the slip , This body is therefore assigned a 
low priority.

the basis of fired properties a l l  of the remaining bodies 
have total shrinkages of 51 to 61, considerably lower than the 
Westwoods slip (10.51). In particular the firing shrinkages of 
the experimental bodies are very low* approximately 11 compared with 
h/* for Westwoods slip . Water absorption of the fired products are 
generally double that of the Westwoods s lip 5 however, this factor 
is not regarded as detrimental since a ll slips develop adequate 
strength for their intended market, exhibit a sharp sound ring, 
and do not .show crazing due to moisture expansion,

Thu fired colour of the four potential slips may be used 
as a determining ool 00.Live factor In which case bodlos 5 and 9 are 
distinctly less pinkish than bodies 3 and 8, and mny therefore be 
pj.of01.red» Iho pinkish discolouration o', thu latn.er bodies is
attributed to the higher iron conLent of ihoT»2 Ul1e. compared with 
'll talc,



6. CONCLUSIONS

Earthenware slips incorporating talc/albite material may be 
readily manufactured from locally available materials to produce 
slip cast bodies which have comparable casting behaviour to the 
Westwoods clay slip and are compatible with the Duncan glazes 
examined.

Slips identified as numbers 3, 5, 8 and 9 could be used as 
substitutes for the Westwoods slip and for comparative purposes the 
following properties are summarized !

a) Casting at 65% solids, when adequately deflocculated, the experimental 
slips w ill cast, release and develop green strength properties 
comparable to Westwoods slip .

b) Drying and firing shrinkages of the experimental 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 when 
cast under similar conditions and fired to 1100°C,

c) The water absorption of the experimental bodies will be higher 
than: the absorption of the Westwood slip body. However, the 
increased degree of absorption has not been shown to he deleterious 
to the bodies and should not affect their in-use behaviour fbt
the general hobby ceramic field*

d) Ihe fired colour of the experimental bodies Will be either cream 
or pinkish when compared with the white Westwood body* This 
difference could be eliminated by selecting raw materials of 
greater purity (containing less iron)*

e) Some variations in glaze colours may be apparent between the 
various bodies particularly when thin glaze coatings are applied*
Less overall variation may be apparent on the whiter bodies, 
numbers 5 and 9* than, on bodies 3 and 8 when compared with a similar 
glaze on a Westwood body.

Samples of both glazed and unglazed bodies are being supplied*

, , a '

dk«6*
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TABLE! 1: CHEMICAL analysis of slip materials

Talc T'2

Si02 61.2

AI2O3 1.51

1’ e *0 3 0.83

FeO 2.07

MgO 28.44

CaO 0.13

MnO o.oi

Na20 0.56

K20 0.06

TiO 2 0.16

P2O5 0.10

SO 3
ci
Cu 2
1j i- 0 *■ X * 4.7

McLaren Ball Clay Kaolin K Feldspar Talc T1 
White 'll' C/lQ . . ,

69.40 65.6 61.02 67.0 63.6 . f

23.64 20.5 24.6 18.0 0.38 |

1.37 1.8 0.94 0.3 0.36 j

0.05 0.56 l
|

0.43 1.0 0.81 0.1 29.7 t

0.47 0.5 0.07 0.3 0.12

0.01 i>
0.22 0.7 0.44 3.6 0.07

1.55 2.4 3.13 10.3 0.04

2.20 1.2 1.50 0.03 *•

0.04
0.08
0.06
0.32

6.2 7.63 0.4 5.27
—==*̂ =*î --==s=i===! —LI- ■' '

I.*.
? >,V-'
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Slip No.

TABLE 2: COMPOSITIONS OF EXPERIMENTAL SLIPS

—..... ......  Composition t
Talc T '2 McLaren Talc T1 Ball Clay Axedale 

White 'ii i

0 0 0 4 6

Ball Clay
K Feldspar Whiting

Deflocculant

1 35 50 , 15 0.6% sodium silicate  
0.2% calgon

2 3° 45 10 15 0.6% sodium silicate
3 35 50 15 0,6% sodium silicate
4
5
6

35

35 50
50

5 ..
15
10

0.6% sodium silicate  
0.6% sodium silicate

30 50 10 10 0.6% sodium silicate
7 35 50 15 0 # 6% sbrH.finr i i r* f* /a
8 30 50 5 15 0.6% sodium silicate
y 35 50 15 0.6% sodium silicate
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j i J ... * '  ' ■ TABEL 3: VIS COSITT DETERMINATIONS
’

; | '! sup 1
Shear

3
Stress/Viscosity (cps)

5 6 7 8 9 Westwoods !
, t

; {■' Rate of 
i | shear(a)1 -L.-i
, rpm

*

i
ii|
ij

' }
; lo 29.5/2950 12/1200 13.5/1350 9.5/950 18.5/1850 6.2/620 9.2/920 19/1900 i

20 42/2100 19/950 21/1050 15/750 28/1400 10/500 15/750 28/1400 j

' 50 68/1360 35/700 36.5/730 27/540 47/940 18.8/376 29/580 41/820

ioo 100-1-/1000+ 58/580 58/580 43/430 72.5/725 33/330 49/490 56.5/565 ,

* TABLE hi SHRINKAGE & ABSORPTION RESULTS

Slip Drying
Shrinkage

%

Firing
Shrinkage

%

Total Water 
2 Shrinkage Absorption 

% %

Fired Colour

1 3*7 2*3 6*0 18.7 Pink

3' 5.0 . i.o 6 .0 19.2 Pink

s' 4*3 0.7 5.0 16.7 Grcen/white

6 ' 5.0 1.0 6 .0 16. i Cream

7 6.3 0*5 6.8 10.6 Pink/eream

8 3.8 1.1 4.9 15.0 Pink/cream

9 5.3 : 0.7 6.0 15.8 Cream

WestwoodS' 6*4 4.1 10.5 7*7 White
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* TABLE 5: CRAZING RESISTANCE

Slip ■■
I
: p 1

t
No crazing or cracking

i Lj 3 No crazing or cracking

f •: ■ 5 No crazing or cracking

6 Crazing of blue glaze» Slight hairline cracking of remaining 3 glazes

7 Extensive crazing of a ll glazes

i ; 8 No crazing or cracking

9 No crazing or cracking
Westwoods No crazing or cracking
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SUMMARY
Background

Extensive deposits of talc exist in the Gumeracha-Lyndoch area 
of South Australia about fifty  to one hundred kilometres north-east 
of Adelaide. Much of the talc contains significant feldspar,
5 30A. Project investigations have been carried out by AMDE1

for the S.A. Department of Mines and Energy to identify possible 
markets for this talc* This report is specifically directed 
towards Uses of the talc/albite rock, without beneficiation of 
chemical treatment. A previous investigation, AMDEL Report No. 
1235, described the successful development of talc-based 
vitrified floor tiles .

Objectives
The primary objective of this investigation was to determine 

Uses for talc/albite rock. Secondary objectives were to determine 
its uses for manufacture of certain ceramic products namely 
refractories, ovenware and casting slip for hobby ceramics.

Summary of Work Done
Ceramic bodies utilising talc, talc/albite and local ceramic-, 

materials where possible were developed* Products were evaluated 
against typical design criteria to establish the potential fot 
these bodies.

Conclusions
Talc/albite rock from Gumeracha/ Lyndoch was shown to have 

Specific uses in relation to S

1. Production of high thermal shock refractories suitable
fot use up to 13dO°C or so. This watetial has application 
fot kiln doors, hearths, furniture, fast-firing saggars 
et cetera*

2* Production of oven** and cook-ware such as casseroles, pie- 
disites, mid, possibly, sk ille ts ,

3* Production of casting slips similar in casting, firing and 
glassing proper tics to currently Imported lines.
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1. INTRODUCTION '
Investigation into the utilization of low grade talc mined in 

South Australia specifically for use in the ceramic industry has been 
undertaken of a period of years. This work* sponsored by the 
South Australian Department of Mines and Energy, followed from 
previous investigations in itially  designed to evaluate, assess 
and characterize the large number of talc deposits within South 
Australia. ,

Large deposits o f impure ta lc  e x is t , and are presently mined, 
in the Gumeracha and Lyndoch-Truro areas o f South Australia and i t  is  
these deposits, and more s p e c if ic a lly  the Gumeracha deposits, which 
have been extensively evaluated for  a variety o f  industria l ceramic 
Uses over the la st  three years at Amdel.

Much of the talc mined from these areas is relatively unique 
in that the talc is  associated With the feldspar, albite. The albite 
occurs both as massive material within the talc bodies and as finely 

/ dispersed material intimately associated with the talc.
Drilling undertaken by the South Australian Department of Mines 

and Energy indicates that although the percentage of albite within
the Gumeracha deposit may vary between 5 and 30% throughout the 
deposit relatively large tonnages may be extracted with a consistent 
level of feldspar.

Further to the feldspar impurity, the majority of the talc is 
iron stained in the Gumeracha area and although hand plotted material 
of first guide quality may he obtained, any large mining operation 
will result in production of second to fourth grade material. The
grade classification depending primarily upon the colour of the
tale* Ground material of third grade quality is generally
yellowish to pink in colour,fourth grade material Being more extensively
stained.

Thus the association of both albite and iron discolouration, due
possibly to Both ferric and ferrous iron in the tale,downgrades the 
value of the overall deposits considerably and many of the higher 
prised markets, traditionally the cosmetic and some f ille r  applications, 
are unattainable for the majority of the talc readily available to

open cut mining*

JL3Q0
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Two p o s s ib il it ie s  thus e x is t , either the area o f  ben efic ia tion  
be considered to upgrade the colour o f  the lower grade m aterial, ’ 
possibly with concurrent recovery o f  feldspar, o f  uses fo r  the 
ta lc -a lb ite  m aterial are more widely considered.

Although only a lim ited amount o f  work has been undertaken 
in relation  to improving the colour o f  the ta lc  resu lts tend to 
suggest that to a degree the d iscolouration  o f  the ta lc  is  due to 
ferrous iron  substitution  within the ta lc  la t t ic e .  I f  this is  
proven to be correct then s ign ifican t improvements in the colour 
of the ta lc  may not be attainable.

The material association of the talc and albite has obvious 
advantages in the Ceramic industry where feldspar arid talc are 
often used aS fluxing materials and talc its e lf  as a major body 
component. For this reason it  was considered that a major market 
opening could be found for Gumeracha talc in a number of ceramic 
industries particularly i f  higher valued products* Such as tiles  
end refractories, could be manufactured.

A previous Amdel Report he. 1235* titled  'Manufacture o f Talc- 
Based T iles ', outlines the successful development of a fast-firing 
t ile  body incorporating seventy percent o f third grade Gumeracha 
talc*containing approximately 25% of albite* with thirty percent 
of a locally available plastic clay. The most recent work* 
reported herein, summarizes three additional development projects 
to further extend the ceramic uses of the natural taie-albite 
material, namely.
a) Production of cordierite refractories
b) Development of slip cast,cordierite developing bodies 
e) The development of a slip  casting body with specific properties 

and suitability for a range of imported glazes used In the 
hobby ceramic field
Four

Progress
progress reports titled 'Uses of Talc/Albite Rock, 

Reports Non 1-4, Amdel Project MD 1/1/228* have hitherto
been issued.

1 3 0 0
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2. . CORDIERITE
Cordierite, 2MgO 2A1203 5Si02, contains 13.7% MgO, 34.9% A120 3 

and 51.4% Si02. In nature it  is found in granites, gneisses, 
schists and in contact metamorphic zones. Industrially it  is ' 
manufactured from talc, kaolinite, magnesia and alumina. Segnit 
& Holland(1971) investigated the use of cliuochlore, a chlorite of 
Composition Mgs Al2Si30 i0(OH)8, and a good quality kaolinite for 
manufacturing cordierite which began to form at temperatures as low 
as 1140°C associated with cristobalite Slid muilite phases.
With increasing temperature these phases were eliminated resulting 
in only c-ordierite at 1225°C. Geller & Insley (1932) produced 
porous cordierite bodies, with high thermal Shock resistance and 
low thermal expansion, from bodies consisting of talc, kaolin and 
corundum (or calcined alumina) at temperatures of 1350°C and 
Showed that an increase in cordierite was directly responsible 
for a decrease in thermal expansion. Numerous other workers 
have also investigated various taics and clays for producing 
cordierite, generally at temperatures above l3O0°C< Theiss 
(1943) studied the formation of vitrified cordierite bodies in 
systems containing feldspar, beryl, spodumene, nepheline-syenite 
and feldspar-zinc oxide combinations to evaluate their effect 
on extending the firing range of vitrified products* Generally 
cordierite bodies have short vitrifying ranges which creates 
problems in industrial manufacturing and as early as 1930 in 
Germany, alkalies, iron oxides and red-firing clays were added 
to cordierite insulator mixes to extend their firing ranges.

Data produced by Theiss shows that feldspar, nepheline-syenite 
and feldspar-zinc oxide used as a flux in vitrified  cordierite bodies 
did extend their vitrification firing ranges.

i t  is  well established that cordierite way form at different 
temperatures depending upon the physical and chemical properties 
of the constituents. for example, the work previously mentioned 
of segnit and Holland produced a body of only cordierite composition 
at 1225aC and a wall crystallised cordierite with minor muilite 
and cristobalite phases at 1200*0 using dlinochlore and kaolinite.
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Presumably because the chlorite arid kaolinite undergo major 
structural breakdown at temperatures below 1000°C, the 
resulting disordered structures are favourable for the early 
development of stable phases. However, in the case of talc, 
kaolinite arid alumina combinations investigated by Hughan (1952) 
and the kaolinite, magnesia and silica  oralumina.magnesite and 
silica bodies investigated by Jelasic and Kacian (1967) 
temperatures above 1300°C were necessary to form cordierite.

Takker et al (1974) Studied the production of a dense- 
sintered monomineralic cordierite body Using finely dispersed 
glass powders arid raw clay. They report that X-ray photographs 
taker! at 900°C show that the diffraction peaks of cordierite are 
clearly developed* Between 1100°C arid 1450°C this becomes the 
unique crystal phase. The process whereby an in itia l crystal 
phase is completely transformed into cordierite is complete at 1100°G 
This is in contrast to cordierite development iri traditional bodies, 
as already mentioned, where cordierite does not begin to form below 
temperatures of approximately ilso°c.

Thus cordierite may be synthesised relatively easily from a 
variety of materials by selecting components arid blending them in 
the amount required by the stoichiometric formula of cordierite*
This uncomplicated procedure is , however, only partially satisfactory 
since the completeness of the reaction and mineralogy of the final 
product is dependent upon the firing temperature and soak times, 
the fineness of the components, the decomposition and the degree 
of reactivity of the components. Additional variables have been 
found to be of relevance, such as the presence of fluxes and 
miharaltxets to extend the sintering range and promote se lf ginning 
of vitrified products and the additional of excess alumina to 
broaden the firing range and reduce the thermal expansion of a 
eordieritu body (Basta and Said 1973).

1 3 0 0
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3. CORDIERITE REFRACTORY DEVELOPMENT 

3;1 Materials
3.1.1 Talc T /2

The talc was a 3rd grade yellowish-pink material (minus 200 mesh) 
designated as Jarvind Super-Fine T/2, preground to minus 75 micro­
metres supplied by Jarvis Industries Pty Ltd! Analysis by X-ray 
diffraction shown in Table 1 indicated dominant talc with 
approximately 5% of albite and a trace of dolomite. A possible
faint trace of quartz, outside the limit of estimation, was 
indicated. The chemical analysis given in Table 1 indicates a 
soda content of 0.56%, confirming the albite estimation* and a 
0sl3% level of calcium which may be attributed to dolomite. Ferric 
and ferrous oxides account for 2.9% of the composition. i f  the 
talc were of ideal composition then the magnesium would account 
fdr 57% of the silica  leaving an excess of approximately 4% of 
which 3.3% may be attributed to the albite and the remainder to 
excess silica .

A dry screen size analysis is given in Table 2.
3.1.2 Williamstown Sillimanlte Clay

A high alumina refractory clay from Williamstown in South 
Australia containing approximate equal proportions of kaolinite 
arid sillimanite and sub-dominant (15-30%) mica (muscovite and 
paragonite), Accessory quartz estimated at between 5 and 15% 
is present together with a trace of pytophyllite (<5%). The 
clay is non-plastic, white in colour, and contains 0.5% ferric 
iron, 43.-4% AlaOs, 44«3% SiOa, 1.36% TIO2, 0.52% Naao (attributed 
to paragonite) and 1% KgO (muscovite). The clay was preground to 
a nominal fineness of 600 micrometres (25 mesh B.S.S.) A 
complete analysis is shown in Table 1.
3.1.3 Blrdwood Refractory Olay

A white refractory china clay preground to 63 micrometres (2 5 0  

mesh B.S.S.) supplied by Minerals Pty Ltd. The clay is basically 
free from fluxing oxides and contains 38% M*03 and 45% Si0a. A 
chemical analysis is  given in Table 1, ,

*Company now Minerals Pty Ltd
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3-2 Body Compositions arid Preparation
A 1:3 molar mix of talc and each individual clay was chosen for the 

composition of the experimental cordierite bodies (32.8% ta lc :67.2% clay) 
Using the Williamstown clay, the mix thus Contains primarily 10% MgO,
32% A1203 and 53% Si02 on a fired basis corresponding to a formulation 
MgO:1.24 A1203:3.5  Si02. Theoretical cordierite contains 7,3.6% MgO 
35% A1203 and 51.4% Si02 (MgO:Al203:2.5 Si02).

With Birdwood Olay the mix contains 9.8% MgO, 30% A1203 and 
56% Si02 corresponding to a formulation MgO:1.2 A1203:3.8  si02.

Mixes incorporating the Williams town clay were wet milled to 
produce bodies of various fineness for pressing into tiles , firing 
and subsequent evaluation. Samples of the Birdwood talc/clay 
body were produced by extrusion.

3.3 Firing and Testing Procedures
Samples were fired in both electric and gas kilns at temperatures 

ranging from 1250°C to j400°G with firing cycles varying from kH 
hours including a 1 hour soak to a 3 hour cycle including a 2 hour 
soaking period.

The fired products were analysed by X-ray diffraction 
techniques and physical properties such as bulk density, apparent 
porosity, water absorption, firing shrinkage and modulus of 
rupture wore determined.

Betails of mixes, firing conditions and fired properties 
are given in Table 3.

3.4; Mineratpgical and Physical Properties 
of Fired ProductsII"-  1 ml — m —    j ■■ ■■    ~

All fired products consisted predominantly of indislite 
(Miyashiro 1957), the hexagonal polymorph of cordierite in 
association with simmanita, in the Williamstown clay bodies, 
and a trace of qiiartg* Protoenstatite is present in some 
products up to 1310°C.

isoo
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,3.4.1 Fine Grained Bodies -  Less than 75 micrometres (Talc/Willlamstown 

Clay) “ -----r--------------

A 1250°C sample was not produced but at 1270“C highly crystalline 
indialite is well developed in association with an accessory amount 
of remanent sillimanite and traces of protoenstatite arid quartz.
With an increase in temperature to 1290°C the protoenstatite 
reacts with alumina to form indialite. The remaining crystalline 
phases appear to maintain their relative proportions. The 
bodies produced are hard, dense and near vitrified at 1290°C at 
which temperature a very thin glaze was detectable 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 (Talc/Williamstown Clay)
• Highly crystalline indialite is well developed at 1250°C in 
association with quartz, protoenstatite and remnant sillimanite.
With increasing temperature up to 1370°C indialite increases 

/ ’ in relative proportion and sillimanite decreases. Protoenstatite 
is present Up to l3lO°C in trace amounts and quartz (2-2%) persists 
throughout the firing cycle.

Generally the degree of crystallinity of the indialite was 
not found to vary significantly with higher firing temperatures.

The fi fed products were strong, crystalline and porous 
ranging in colour from off-white at I250°c to greyish at i34o°c 
and tan at 1400°C. Firing shrinkage* water absorption (2 hr 
hoil) apparent porosity and bulk density results shown in Table 3 
indicate an in it ia l decrease in water absorption from 13.4% 
at 1250°G to 4*4% at 1340°C followed by an increase to Io .3% 
at 1400*0* Firing shrinkages range from 2.1% to 2.5% with the 
exception o f the 1340*0 samples which recorded a 3*2% 
firing shrinkage, The absorption and shrinkage results are 
consistent with an increase in bulk density at this temperature 
from an average at other temperatures of 1,99 (range 1,97 -  
2,02) to 2,13 and a significant reduction In the apparent 
porosity of the body from 22,9% at 1310 to 9.7% at 1340*0,
Above 1340*0 the fired tiles  show an increase in surface porosity. 
Examination suggests that a localized sintering process./takes 
place, Pores or vesicles develop throughout the bodies 
surrounded by a yellowish crystalline'halo, ' . .
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Pt. ea!hdt7mperf trUPtUre r<2SUltS W<?1'e limitGd t0 one determination
„ L  7  " d are regarded with caution
However, the results are in general ,

general agreement with other physical

“ a —  - -  
of sintering 1  7 ^  ^
reduction in „„ T  g“ 1M° ’ C Wlth a •“'■eequenl:ductron in porosity and water absorption and increase in
he shrinkage and bulk density of the body. Abc,ve 1 M < a  the
ecre.se «  strength is considered to be attributed to the

increased porosity of the bbdy and resultant discbhtinui y
Of the mineral grains. 7

3.4.3 Coarse Grained Body (Talc/WilH.M t„.„  m
of s i lli  T P‘>S“ ': ° f the bm e° " eaI" e • ^ rsc  proportion 
tough ■ i 6 <aPP™*1“ tld>’ 35»  • a» extremely hard and

the buik^fVli Ik ’’ tl’8raf<’ra' thls hiineral which forms
"  mS 3M "^romet,e material in the

ProdJtd1'’6 ln ktlB Pt6d““ d crystalline porous
ranging in colour from cream at 125o*c to light

brown at 13«*C and a grey speckled product at 1370*0

compared with the finer grained f-300 micrometre) gas
ired bo y, water absorptions, porosities and bu!k densities

1230*0 i ^ZTT1 **" fM  *“  * * * *

exception of the 1340* s i  7 !  „  V ^
. pleU AL Lhis teinpisratute the bodv

no a nter to the degree observed in the fine* grains
^rnple and its behaviour was a significant reversal showing
dti increase itx water ab*mr«M«« °deerp, qn , . .... ttbaoipiion, apparent porosity and 
decrease in bulk density.

thm, “ f  **■ tiS b06l> BMa hlS'>“  «t 1250-0
■, i0t U’° Stained body but decreased with f Iri„P

to a minimum of at 13« ,*C foUuwed by d
slight increase to i . 7;«> 1*2700 ,, „ ,x {U JJ7t} c, accompanied by a 
decrease in water abstmiHnn .,,,1, absorption and apparent porosity and an
increase in bulk density, 7  “n

1 3 0 6
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At 1340°C and 1370°C the surface porosity as noted in the 
minus 300 micrometre bodies became pronounced, particularly at the 
higher temperature, which is attributed to melting of discrete 
mineral grains/ A distinct orange-red mineral, unidentified 
at this stage, was observed within some of the larger vacuoles 
surrounded by the yellowish crystalline halo.

The 1280°C and 1310°C samples, refired at 1280°C for 
7 hours including a 3h hour soaking period* recorded a slight 
expansion of 0*2% on refiring and a very minor reduction in their 
water absorption (2 hour b oil). -
3.4.4 Talc/3irdwood Clay Body

Firing at 1250°C produces a high strength porousy 
greyish-yellow product with a water absorption of 2.4%. An 
X-ray diffraction trace indicated that highly crystalline 
indialite is the dominant Crystalline phase with a trace of 
protoenstatite, mUliite and quartz. At 1350°C the material/
transforms into a greenish-blacky molten, low Viscosity mass.
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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 Williamstown clay 
during fast firing cycles at temperatures as low as 1250°C.
The indialite shows a high degree of crystallinity at a ll temperatures 
which does not appear to vary significantly over the range of 
temperature and time conditions imposed.

Increased firing temperature and soaking time alters 
the mineralogy of the fired samples within a series (constant 
particle size) . Broadly, with increasing temperature, indialite 
increases in proportion and sillimanite decreases marginally. 
Protoenstatite disappears with increasing temperature and was 
not detectable above 1310°C. However, its  presence or absence 
in the fired product is also dependent upon soaking time and 
fineness of the mix components.

In very fine grained samples protoenstatite was not 
detected at 1290°C but in coarser particle sized samples, produced 
from cycles with shorter soaking times, it  persists to a higher 
temperature. Protoenstatite disappeared upon refiring the 

. 1280°C coarse grained sample at the came temperature with a 
soak of 3*s hours.

The particle size Of the mineral components of the mix 
is the most significant controlling factor on the type and nature 
of the fired product. Fine grinding of mineral components 
produces dense v itrified  (or low absorption) products at 1270°C 
but coarser ground samples remain porous up to at least 1400°cJ 
when fast firing cycles are used.

The eombination o f talc and Birdwood clay examined 
lacks the refractory properties of the talc and Williamstown 
clay body. However, the association of high strength and a 
substantially cordieritlc mineralogy at 1250*C implies that 
ceramic articles may he manufactured suitable, for applications 
which demand both strength, and low thermal expansion. (She 
latter property is  only assumed at this stage based upon the 
determined mineralogy).

1 3 0 0
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5. SLIP CAST CORDIERITE BODIES 

A second phase o£ development relating to cordlerite 
Production was directed toward the manufacture of slip cast 
cordlerite bodies which may be suitable for the production of
atone and earthenware products in general and mote specifically 
rcr ovenware. 1

Ceramic ovenware was considered since the previous Work 
has sh0„ „  that simple ta le -c la y  bodi8s> lncorporatln . io ca i

‘  Pr° <iUC'! cor<ile‘t i t ® (indialite) at the normal
oneware firing temperatures (1250-c -  1300"C). Bodies

incorporating a percentage o f  co rd ler ite  exhibit * i rj?o f  h W mni „ i n ^ rxce  exhibit a lower coe ffic ien l
thermal expansion than normal stoneware todies in which 

cordlerite is absent and thus they show superior heat-shock

b M ie ? "06’ chai:ai:tMiSC±t- O -H ty  ovenware

/ ' 5.1 Materials
In addition to the talc and Birdwood Clay previously 

-  a tange Of china Ball Olays, alumina, flldspUf ^
ilica  were used in specific bodies

The additional materials were :
, 5• 1 * 1 ball Clay 'IS*

. „ te  (Ol-kish) moderately plastic clay which
imparts green strength to a ceramic body, ihe d a y , as supplied
by S ee ley industries ltd , was preground to minus 63 micrometres.
5 ‘l - 2 China Clav t tm

A whlfce ft0ll“Pltlsfcie primary kaolin, supplied by steetlev 
ndustfiesi preground to minus 63 micrometres,

Knn1 -f 11 r / tn

Ww... A W ^ Uly Pla8tie « « i  ball Olay supplied by
liherala Pty ltd  pregtaund fce f in e r  than 3 26 «,•»-*...

tlum 20 micrometres) * ^^omettea ( 1 0 % coarser
5*1*4 Alumina

C&icined alumina supplied by Comalto Aluminium ltd,
Nominal Hnenesa 63 micromefctea,
5 ‘ ^ 5  lotash  ffeldnnnr orim?

mi,l a f °ldSPM *” kctE‘' 6y Steetley Industries ltd '
illed: nominally to finer than 75 micrometres.
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5.1 .6  Silica
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Marketed by Steetley Industries Ltd milled to finer than 75 
micrometres.

Chemical analyses are given in Table 4.

5.2 Body Composition and Preparation 
Nine bodies were investigated with major components falling  

within the following compositional ranges (on a fired basis); SiO 
48 to 65%-, A1203 20 to 36%; MgO 9 to 12%. Under appropriate 
firing conditions a ll bodies were expected to produce a proportion 
of cordierite and to vitrify  within the stoneware temperature range 

Calcined alumina was Used in five of the bodies to increase 
their alumina content without increasing the silica content which 
Is high in a ll clays and talc, and is particularly high in the 
plastic clays Used in the study which were necessary to produce 
satisfactory casting properties. Excessive levels of silica  
in the bodies, over and above that required to produce cordierite
and the associated silicate minerals formed during firing,result 
in a body With free silica  which may be deleterious to its thermal
behaviour. Body compositions, and calculated chemical analysis, 
are given in Table 5.

Bodies ware prepared in porcelain jar mills, with d istilled  
water at 65% solids concentration, with a charge of porcelain 
pebbles to effect mixing and dispersion. Bodies were milled for 
sufficient time, usually one half to one hour, to produce a fluid 
slip . Various quantities of sodium silicate or sodium silicate 
and sodium hexametaphosphate were added to the mills to obtain 
slips o f favourable consistency. fina l slip viscosities were 
adjusted after draining from the mills using a Brookfield Syncro 
leetric  Viscometer,

i*JLSlip and Casting Behaviour 
Where possible slips were adjusted to between 3 and 35 poise 

viscosity for casting in plaster moulds, All bodies required high 
concentrations o f deflocculants to obtain minimum viscosities at 
65% soUds and ttany of the slips showed marked thixotropy and 
an increase in viscosity over a period of hours, Addition of 
a small (0.05%) amount o f sodium hexawetaphosphate was, however,



0 0 0 6 7

13
effective in again reducing viscosity to its previous level * 
Although time did not permit detailed investigation of the 
rheological behaviour of the slips it  was noted that the slips did 
stabilize over a period of time with daily deflocculant doses 
to adjust the viscosity. As. the slips stabilized they showed a 
lesser degree of thixotropy.

Only one of the slips (SCT1) could not be defloccUlated 
satisfactorily for drain casting.

The properties of the various slips, SCT1-9, are summarized 
in Table 6.

SltlCe ° nly a preliminary investigation into the slip casting 
behaviour of the talc bodies was undertaken, casting rates were 
not studied iii depth to determine the wall build up to time 
relationships for each slip . Therefore, a good casting rate, 
as exhibited by a ll  except One of the castable slips examined, 
denotes in general a wall build Up of 3 to 4 millimetres in 12 
to 20 minutes. SCT2, which showed rapid casting behaviour, 
produced a wall thickness of 6 millimetres in 5 minutes.
With regard to the release properties of the various slips a 
satisfactory release was generally obtained within 30 minutes 

.to Xk hours without the aid Of artificia l drying.

,5*4 Firing and Testing of Cast BorHes 
Slips SCT4, 6, 8 and 9 showed good casting behaviour and 

Samples were produced for firing tr ia ls ,

Preliminary firing trials were undertaken op cast cups 
produced from each of the four slips at 12.40 to ]260°C. Total 
firing times were three and a half hours with a erne hour soak 
at sach temperature. Sample S014 was fired over a range of 
temperatures from 10908C to 1250°C to determine the effects of 
firing on mineralogy, Water absorption determinations were made 
on each fired product and an X-ray investigation of the mineral 
leases produced on firing was undertaken on selected samples.
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5.5 Results L > \■ l

Satisfactory casting behaviour was obtained from bodies 
incorporating up to 35% talc which, broadly, have chemical 
compositions favouring the development of cordierite on fifing. 
Required deflocculant levels are high and repeated doses over 
a Period of days were generally required to stabilize the slips.

The X-ray examination of sample SCT4 at various temperatures 
indicates that cordierite forms in minor amounts at least by 1200°C 
in association with other magnesium silicates, namely sapphirine and 
protoenstatite, and cristobalite.

With increasing temperature the cristobalite phase diminishes 
and is  absent at 1250°C at which stage the fired material is 
composed predominantly of well-crystalline indialite with accessory 
amounts of sapphirine, mUllite, protoenstatite and a trace of quartz ,

At the lowest temperature examined, 1090°C -  illd6Cj abundant 
ambfphdUs material is present with equal amounts of ffitlllitfes cfisto - 
halite, quartz and protoenstatite. With increasing temperature, 
and development of the crystalline phases, the proportion of 
amorphous material decreases.

Firad samples are strong at a ll temperatures and water 
absorptions decrease with increasing temperature from 11;S% at 1090°C 
"* W10 C to 0.26% at 1250°C. During firing samples distorted, 
at temperatures Of 1175 -  1200°C and abnve, in thin walled preducts 
(3 millimetre thick).

Elimination of 10% feldspar from body SG$4 with an increase 
in the talc and clay components resulted in an increase in fired 
water absorption (Sample SOT6) to 4,1% at I240*tM270B(f. howeverj
most of the absorption was due to surface porosity of the sample 
Milch recorded a permeability of less than Oa millidareys,
Hie fired mineralogy consisted predominantly of cordierite with 
accessory cristobalite and traces of mullite,, protoenstatite 
and quartz,

1 3  0 0

I
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■ Substitution of thu Ball Clay ’h ‘ In body SCt6 for tacdnlo ball 

clay In SCT8 resulted in an increase in the ousting rate. The fired 
water absorption of the product remained similar.

By eliminating the alumina from body SCT8 and increasing the 
ball clay and china clay, resulting in a body of similar magnesium 
but higher silica  and lower alumina content, a self glazing fully 
vitrified product was produced at 1260°C. X-ray diffraction 
showed that the product consisted of well crystalline cordierite 
with tra./s to accessory amounts of protoenstatite, cristobalite, 
quartz and mullite,

X-ray data and water abosrption results , re given in Table 7.

i  3 0 0

, y
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, j 6i DISCUSSION -  SLIP CAST CORDIERITE BODIES
The preliminary work indicates that products consisting of 

a high proportion of cordierite may be produced from a number of 
talc, clay, alumina and feldspar mixtures which are r.iadily slip 
cast in piaster moulds. Slips incorporating Gumeracha talc 
reqUire high levels of deflocculant and generally exhibit a 
degree of instability, changes in viscosity and thixotrophic 
behaviour, over a period of days which may require attention 
to maintain uniform casting properties.

Results attained indicate that piUfoUs (earthenware) and 
impervious (stoneware) products may be manufactured from talc 
containing bodies and that ovenware products may be manufactured 
which contain a significant proportion of cordierite.

Distortion observed on firing in thin walled castings of 
Body SCT4 may be eliminated by increasing the wall thickness 
and maintaining a temperature slightly below 1250°C to produce 
a vitrified products
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7- DEVELOPMENT OF EARTHENWARE TALC/CLAY SLIP 

FOR HOBBY CERAMICS ■
Over the past five years or so the hobby ceramic field has 

gr'owii extensively within the eastern Australian States and more 
recently xii South Australia. To a large extent this market has 
been supplied by imported materials including clay slips and glazes*

A project Was thus initiated, at the request of the South 
Australian Department of Mines and Energy to develop a slip 
utilizing South Australian talc which would be suitable for this 
market and be compatible with the range of imported glazes used 
extensively by the hobby ceramists.

Slips currently produced and available in Australia were, in 
general, unsuitable for Use with many of the imported giazes which 
had a tendency to craze on the local slips*

The imported glazes are generally applied by brushing on 
bisque fired castings (1100°C) followed by a glost firing usually 
at l015oC-1040°C* '

7*1 Objectives
The degree of control of slip characteristics exercised in 

a commercial production shop which may be required to manufacture 
.thousands of identical pieces daily over A period df months or 
years is totally foreign to Che operation of the hobby Ceramist.
For this reason the investigation Was approached with a relatively 
broad range of objectives which are considered to be Of primary 
concern to the Specific intended markets The object of the 
investigation was to produce a slip which i
(a) is readily manufactured from locally available components* 

including Gumeracha talc, which maintain a reasonable degree 
of consistency over a period of time*

(b) Has ■satisfactory casting properties and behaviour suited to
the hobby ceramic field .

(e) When fired to 1100°C the resultant product to have adequate
strength* durability and appearance to be regarded a satisfactory 
earthenware product*
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(d) After bisqtie fifing may be readily glazed with the imported

range of glazes and after glost fifing these glazes to provide
a surface free of defects, in particular crazing.

7.2 Materials
In addition to some of the materials previously Used during 

the investigation of talc bodie0 a local plastic clay, a first grade 
white talc and a ground limestone were used during the course of the 
development work.
7.2.1 McLaren Vale White

A plastic siliceous off-white clay containing approximately 
egUal proportion of kaoiinite and muscovite arid a trace of potash 
feldspar* The clay fires to a hard pale yellowish grey product 
at iiOO°C with an absorption Of approximately 9%. The material* 
supplied by Clay & Mineral Sales Pty Ltd, was ground to minus 200 
mesh (75 micrometres) B.S. for incorporation in casting bodies.
7-2*2 Calcium Carbonate

A preground yellowish limestone of minus 75 micrometres fineness,- 
7.2.3 Talc Tl

FirOt grade white talc marketed by Minerals fitly Ltd, milled to 
minus 53 micrometres (2% retained).

Chemical analyses of the local clay and first grade talc are 
given in Table 4.

7.3 Preparation of Slips
Nine alternative slips were prepared based upon the known 

behaviour of the individual slip  components and progressive data 
obtained during the investigation. Compositions are given in 
Table 8.

finch slip was prepared by blunging the dry components in 
distilled water to which 0.6% of liquid sodium silica te  had been 
added. Final adjustments to the degree of defloceulation of the 
slips, where required* was effected by additions o f sodium 
hexametaphoi-iphate (Calgtrn) during b ]unging> All slips were 
prepared at 63% solids content and allowed to stand for 30 minutes 
prior to testing.
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7.4 Slip Properties’ -  Behaviour & Results

7.4.1 Viscosity 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 fates 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 eliminated from the testing 
programme. Results obtained from the remaining seven test 
slips are shown in Table 9 and Graphs 1 and 2.
7.4.2 Casting Behaviour

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 measurements of wall buildup were not recorded Since 
this property varies’ extensively depending Upon a large number of 
parameters which differ from one cast shop to another.

When cast in a relatively dry mould (5-10% moisture) all 
slips released Within 1 hour and casts were sufficiently rigid 
for stripping and trimming Within 1% hours of casting.
1i4 <3 Drying & Firing

Green casts were ait dried for 12 to 24 hours after stripping 
followed by severe drying at 105°C for 24 hours. Dry casts were 
strong, hard and readily handled without sustaining damage»

The casts were bisque fired in an electric kiln to 1100*6 
over a 7 hour period including a 1 hour soak on peak temperature. 
Drying and firing shrinkages, together with 24 hour cold Water 
absorption and fired colour results are shown in lable 10.
7*4.4; Glazing

Four Duncan E-Z flow ceramic glazes Were applied to the fired 
products which were te-Mred to 1040°C over a 6 k hour firing cycle 
including a one hour soak on peuh temperature.

The glazes used were i opaque White GL-638* Walnut Drown 
GL-666, Royal blue GL-634 and Bottle Green Gl>669. Ho glaze ucfects 
Which: are attributed to poor ’fit' of body and glaze were observed 
on the fired products*
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7*4.5 Resistance to Crazing of Glazes

A glazed product manufactured from each of the seven test slips, 
was immersed in steam at a pressure of 690 lcN/m2 (100 psi) for 2 hours — 
in accordance with the procedure recommended for determining the 
crazing resistance of glazed ceramic tiles (BS 1281:1974 Specification 
for Glazed ceramic tiles and tile  fittings for internal w alls).

Glazes on two of the experimental bodies (Nos 6 & 7) either 
crazed or developed fine hairline cracks as a result of the test.
These bodies contained the highest percentage of potash feldspar,
10% and 15% respectively. The crazing observed in these glazes 
is a result of moisture expansion of the bodies which w ill occur 
gradually when the glazed ware is in service, although the time 
lapse will depend upon the imposed conditions. The steam pressure 
test accelerates the rate of crazing*

7.5 Discussion -  Earthenware Talc/Clay Slips
Of the nine slips investigated five may be considered as 

'Suitable for Hobby ceramics.') These slips, Nos 1, 3, 5, 8 and 9 
may he readily manufactured from locally available materials, have 
good casting properties, fire satisfactorily and are compatible 
with the Duncan glazes.

Of these five,slip No. i has the highest casting viscosity 
and a higher yield point (see Graph 2) than the remaining Slips 
and this could* under some circumstances* reduce its usefulness. 
Consideration must be given to the market proposed which is not 
acquainted With many factors such as slip temperature and salt 
content of make up water which will further increase the viscosity 
and yield point of the slip resulting in variation in the properties 
and behaviour of the slip, fhis body is therefore assigned a low 
priority.

On the basis of fired properties all of the remaining bodies 
have low total shrinkages of 5% to 6%. Iti particular the firing 
shrinkages of the ixnerimontal bodies are very low, approximately 
1%. Water absorption of the fired products arc acceptable fog the 
intended market. All slips develop adequate strength for their 
intended market, exhibit a sharp sound ring, and do not show 
crazing due to moisture expansion.
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8. CONCLUSIONS 1
The resu lts o f the investigation  into areas for u tiliza tio n  

o f  Gumeracha ta lc  have shown the material to have a wide range of 
potentia l applications in ceramic bodies.

Of primary interest is the development of high proportions 
of well crystalline indialite, at relatively low temperatures, 
in bodies designed to approach the theoretical chemical requirements 
for cordierite formation.

Considering the simple two component bodies consisting of 
approximately 33%' Gumeracha talc, containing 5% of natural albite, 
and 67% of high alumina Williamstown clay the data obtained from 
the investigation suggests that either low absorption or porous 
cordierite (indialite) products may be manufactured with properties 
largely readily controllable by varying the grinding criterion 
for the clay/sillimanite component and the firing cycle. Medium 

/grade refractories, suitable for use up to approximately i300°C* 
with the required characteristics for normal duty refractory 
shapes such as kiln shelves* supports and blocks are 
considered within the scope of attainability with the talc/

Williamstown body.
the area of vitrified cordierite bodies from the same mix 

by adjusting the fineness of the components arid the firing 
cycles requires further investigation particularly in relationship 
to the firing range of the fine grained bodies; _ Cordierite 
bodies generally exhibit relatively short firing ranges which 
way cause problems in industrial production situations.*

Slip east bodies* again of high cordistxtie composition* 
were successfully produced in the laboratory front blends 
incorporating Gumeracha talc* clay* alumina and feldspar*
Results obtained suggest that both cookware and general thermal 
shock resistant products and u tility  ware of good quality are 
within the scope of the talc bodies investigated* However* 
although there is  considerable merit in using a low expansxvc 
body lor cookware there are disadvantages rUicing to the problems 
of glassing such products, litis area requires extensive consdderation*

1 3 0 0
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. As a general ceramic body component Gumerahca talc has been 

shown to be suitable for the manufacture of slip cast and glazed 
earthenware articles of comparable quality to those produced from 
imported slips as used extensively by hobby ceramists. Items 
produced in the laboratory during the earthenware investigation, 
are shown in Figs 1 -  3.

The known large reserves of lower grade talc in close 
proximity to Adelaide and the broad range of ceramic suitability  
of the material, as indicated by the investigation undertaken, 
suggest that the deposits are a valuable source of raw material 
for the ceramic industry;
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fig . 3 Cast earthenware articles produced from talc
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Fig* 1 Cash earthenware articles produced' from talc slip s,

l ig .  2 Cast earthenware articles produced frpttt talc slips,

.1 .3 0 0



TABLE 9! VISCOSITY determinations (earthenware slips)

Slip Shear Stress/Viscosity (cps) 
3 5 6

i' rn. .

Rate of 
shear(s) 
rpm

10 29.5/2950 12/1200 13.5/ ,i.3J0 9 .5/950 18.5/1850 6.2/620 9.2/920

j p : 20 42/2 iOO 19/950 21/1050 15/750 28/1466 10/500 15/756
; CJ * SO 68/1360 35/700 36 * 5/730 27/540 47/940 18*8/376 29/580
; n 100 100+/1000+ 58/580 58/580 43/430 72*5/725 33/330 49/490

TABLE 10: SHRINKAGE & ABSORPTION RESULTS -  EARTHENWARE BODIES

Slip Drying
Shrinkage

* %

Firing
Shrinkage

%

Total
Shrinkage

%

Water
Absorption

%

Fired Colour

1 3.7 2.3 6*0 18.7 Pink
3 5*0 1.6 6.6 19.2 Pink
5 4.3 6.7 5.0 16.7 Green/white
6 5.0 1.6 6.0 16.1 Cream
7 6.3 0.5 6.8 10.6 Pink/cream
8 3*8 1*1 4*9 15.6 Pink/cream
6 5.3 0.7 6.0 15.8 Cream

JJOO
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TABLE 8: COMFOsItIOHS OF EXPERIMSBTAL EARTHER1WAKE SLIPS
■ ................ .....  --U...... - ■ ' 1 1

Slip No. Coniposition % Deflocculant

.......... ' /  1

Talc T’ 2 McLaren
White

Talc T1 Ball Clay 
'H'

Axedale 
Ball Clay

‘ K Feldspar Whiting

1 35 50 IS ■ . ..: ?  Y "
0*6% sodium s ill*  Jite 
0.2% calgon

2 30 45 10 15 0*6% sodium silicate
■i

3 35 50 15 0»6t sodiiim silicate^
4 35 50 15 0.6% sodium silicate-
5
6 
7

35 50 5 10 0*6% sodium silicate *
30 50 10 10 0*6% sodiiim silicate
35 50 15 0.6% sodium silicate

8 30 50 . 5 .. 15 0*6% sodium silicate ■
9 35 50 15 0*6% Sodium silicate

1 3 0 0

■ «f <-* *

I
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TABLE 7: MINERALOGY AND WATER ABSORPTION OF FIRED SLIP CAST CORDIERITE BODIES

Body No./Firing Temp.°C SCT4
1090°C
to
1110°C

SCT4
1175°C
to
1200°C

SCT4 
12256C

SCT4
1250°C

SCT6
1240°C
to
1270°C

SCT9
1260°C!'•

MineraloKV
Cordierite/Indialite Tr Tr D D D

Mullite A A A A Tr-A Tr

Cristobalite A D A - A A-Tr

Protoenstatite A A A A Tr Tr-A

Quartz , A Tr-A Tr-A Tr Tr Tr ' f

Sapphirine - A A A -
t

' “ f

Amorphous Material Abundant Present Present Present - Very minor i

Water Absorption % 11.6 .4.6 0.26 0 4.7 Vitrified

D = Dominant (probably greater than 30%)

A = Accessory (probably 5-15%)

Tr «  Trace (probably <5%)
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TABLE 6: SUMMARY OF SLIP PREPARATION AND CASTING PROPERTIES

Body No. SCT 1 2 3 4 5 ' 6 7 o

' Sodium silicate % A 0.4 0.4 0.4 0.4 0.4 0.4 ’ 0.4 0.4
Sodium hexametaphosphate % * 0.4 0.27 0.2 0.1 0.225 0.2 0.3 0.2 \\
Viscosity (poise) A 35 30 8 4.5 7.6 7 6 ..... V

7-5
Casting Rate A Rapid Good Good Good Good Good Good Good
Drain A Fair Clean Clean Clean Clean Clean Clean Glean
Release A Poor Poor Satis­

factory 
I hour

Nil Satis­
factory 
35 mins.

Poor Satis­
factory

Satis- . 
factory

Defects A Cracked
in
mould.

Some
sticking 
in mould. 
Cast soft

Some
sticking 
in mould

w

i

* Could not obtain Satisfactory deflocculation.

1 3 0  0
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TABI.E Si SLIP CASTING BODIES, COMPOSITIONS AND CALCULATED
(FIRED BASIS) CHEMICAL ANALYSES

Body No. & SiOa TiO,
Composition

SCT1
Talc 33% 
Birdwood 
Clay 67%

SCT2
Talc 40%
Feldspar 10%
Alumina 20% 48.19 0.67
Bridwood
Clay 30% '

SCT3
Talc 40%
Feldspar 10% 53;39 0.47
Ball "H" 30%
Alumina 20%

A1203 Fe203 FeO
MS° CaO Na20 K20 P2Os

56.40 1.36 30.32 0.59 0 .72
9,89 .O'.IO 0.20 0.09 0. 04

35.83 0.58 0.87 11.97 O .l l  0.60 1.08 0,04

2940 0.95 0.87 12.28 0.24 0.8 1.83 0.04

Talc 30% 
Feldspar 10% 
"ll" 24% 
Alumina 10% 
China 26%

56,43 0.49 28.99

SCT5
Talc 39.4%
Feldspar 10.6% 62.87 
"H" 24%
China 26%

0.51 19.74

SCT6
Talc 34.4%
"H" 26.2% 
Alumina 10.9% 
China 28,5%

SCT7
Talc 35% 
Silica 10% 
Axcdale 27% 
China 28%

SCT8
Talc 34,4% 
Altunina 10.9% 
Axedale 26.2% 
China 28.5%

SGT9
Tale 23.8% 
Axedale 23% 
China 35,2

55,39 0,54 . 29.72

65,04 0.64 20.06

►*38 0.62 30,

60.72 0.76 24,54

0,98

1.04

1.04

0,82

0.82

0,93

0*65 9.31 0.27 0.85 1.80 0. 03

0.85 12,11 0.29 0.92 1.86 0, 04

0.75 10,65 0,27 0,52 0.84 0>.04

0,76 10,77 0.15 0,48 1,08 0.(

0,73 10,39 0,16 0,46 1,23 0,04

°>71 10.18 0.18 0.52 1.28 0,04
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TABLE 4: CHEMICAL ANALYSIS OF RAW MATERIALS
USED IN SLIP CASTING BODIES f">

Ba?!1,,Clay Chlna clay K. Feldspar H" K37L Axedale 
Ball Clay

McLaren Talc 
White ■ T1

S102 65.6 45.4 67.0 61.02 69.4 63.6TiOa li 2 014 1.50
Al 2O 3 2.2 0.0320.5 38.0 18.0 24.6 23.64 0.38Fea03

FeO
1.8 0.8 0.3 0.94 1.37 0.36

. . . 0-05 0.56MnO - Tr OiOlMgO
CaO

lid
0.5

0.3
0.3

0.1

0.3
0.81
0.07

d.43
0.47

29.7 
0.12Na26 0.7 0.4 3.6 0.44 0.22 0.07K.au 2.4 0.4 10.3 3.13 1.55 0.04P 2O5 —

— 0.04Li Oil, 6.2 13.6 0.4 7.63 - 5.27

13 0 d
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n  0  U 8  f3 TABLE 3! CORDIERITE BODIES - FIRING CONDITIONS AND FIRED PROPERTIES
r
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Body Nominal Site 
Analysis

Method of 
Preparation

Firing Temperature 
Conditions. “C Indialite Sillimnnito

Fired Composition 
Protocnstntite Quartz Miiliita

Firing shrinkage
....  X'...

'♦ . Physical Properties 
Water Absorption Apparent Z 

X Porosity
Built Detulty Modulus o f 

Rupture KPa

Talc/
fl Willi u&stoun

Minus 75 
micrometres

Pressed 
224 kg/cm*

Electric 
3 hrs 
ine* 2 hr 
soak

1270 D
(51)

A
(9)

Tr tr - 3*9 2*3

32.SI Talc 1290 D
(52)

A
(9)

■ - Tr 3.-4 0.31

67.21 Cl»y 1316 11 Distorted 0*3 * (.*tt
‘ Minus 300 

micrometres
Pressed 
224 kg/cm*

One 
4 hrs

1250 b
(37)

A
(13)

Tr-A Tr “ i
1 2.4 13.4 26*5 1.97 26.9 .

MOR Bar* 
pressed 
100 kg/co*

sook 1280 b
(57)

A
01)

Tr-A Tr
1

2*5 ii*o 24*3 1*99 28

1310 D
(53)

A
...<lo) :

Tr * Tr m ■ j 2*2 10.1 ' 22.9 2*0 25

1340 D
(61)

A
(9)

Tr - 3*2 4,4 9.7 2*13 34

1370 D
(64)

A
<U

-  1 Tr — ( i 2*3 9.2 20. A 2.02 30.5

...__ ___ __ ............:............ 1400 1 2*1 10.3 So *t 1*98
20.61 4 300un 

33.51 *■ lS0(ua 

43.71 + 75mS 

A7.4t + 53jg»

Pressed 
224 kg/ca*

Electric 
IV hrs 
inc* 1 hr 
soak

1250 1)
... (46)........

A
.... (13) .........

Tr Tt
.......  ■-

2*9 12,1 24.3 2*0
1280 b A

U2)
Tr Tr _ r

2*5 11.7 23*5 2.0
1310 D

.-..,(40).......
A

(13)
“ Tr " 1»7. 12.5 14(7' 1.98

1340 D
. (58)

A
(12)

Tr “ 1*6 13*8 ■ 26,5 1*92
1370 D

(65)
A

____<M_____ ........; ...... ..." ..........
Tr ”

i»7 io.3 20*6 2*01 ■ i

Electric 
Retired (280*0 
Sample 7 hrs

1280 b
(50)

A
(10);

- Tr - Re fired s ..... 
Shrinkage -0*2

11.3

Rcfired 1310*0 12&) 
Sample

b
(46)

A
(12)

tr Retired
Shrinkage -6*2

12.0

Talc/
Blrdvood

Minus Extrusion 
73 cicrou-crcn 304 nolxtuco 

Drying

Cas 4 hrs ihc. 
V hr soak

1250 D Tr tr 3.7 20.4

32*81 Tile 

h1»n Clay

ShrinkageMi 4V hts Inc* 
V hr soak

1350 Molten

RoUt The figures In bracket* denohiitraU the variation in amounts ct the two major eozponc.nt* but bear
no relation to percentage#* The figures wore derived from a geotietrlc average of four pfl*k height* 
o f the X-ray patterns.

ti * fcoainant (probably greater than 30X)
A *< Acceosnry (probably S-UU)

'tr  «  Trace (probably *$%}
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TABLE 1:
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MINERALOGY AND CHEMICAL ANALYSIS OF RAW MATERIALS 
USED IN CORDIERITE REFRACTORY BODIES

Gumeracha 3rd 
Grade Talc

Talc d

Feldspar (albite) app. 5%
Dolomite Tr

Quartz ? Slight Tr

D
CD
SD
A

Ti

Williamstown 
Clay

Kaolinite 
Sillimanite 
Muscovite &

Quart!

CD
CD
SD

A

Dominant
Co-dominant (approximately actual ptbportidhS) 
Sub-dominant (15-30%)
Accessory (5-15%)
Trace (less than 5%)

Birdwood

SiOa 61.2
Pyrophyllite Tr 

44.31 45.3
TiOa 0.16 1.36 .1,7
AlaOa 1.51 43,42 38.3FejOa 0.83 0.50 0,4FeO 2.07 A-i
MnO 0101 <0,01
MgO 28f44 0.09 0.05
CaO 0.i3 0.11 0,06
Na20 0,56 0,52
KaO 0.06 i.o 0.01PjOs 0,10 0.01 ■im-

1 ,0 .1 . 4,70 ..7.66 13.8
99.77 98.-98 §9.71

II20+ 

HaO“

4.46

0,24

Size pm

+150
-105
-75

TABLE 2: DRY SCREEN ANALYSIS OF TALC SAMPLE T/2

Screen Sizing B.S.S, Cumulative % Retained

lOO mesh 
150 mesh 
200 mesh 
300 mesh

0102
0.02
0.26
2.28

k* y

iaae


