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el 1. ImmRopucroy e

e

| ”ev,uuﬁ\“*ﬁéllowing diaausSibns‘With,Mr,Btvseadlér Of Australian Ceramic
LR Irldustries, and M£'R. Adam oﬁ*the_Déparﬁment,dijines, this project

-Was dnitiated for the plUrpose of ihvestiqating‘rawfmate:ialé_and o
- developing suitable blends for the ma_‘nufacﬁure of Ceramic wall tiles,
-+ The work was tﬁqinclu@e~washing, Settling rates,‘tilegforminq, dry

L and‘firédwqharaéﬁefiSEiCSi‘dévﬁlopmeht;of fast once-fire technique,
xug‘_ ‘AgléZihg;,spray‘dryihg‘andfaéSésSment-of‘éqﬁipmeﬁﬁ at Port Pirie

curanium plant,

S édreénéd,‘grdﬁnd;.ahdublended in VariouS“proportibﬁé‘to»make'é‘séries i
‘ of twelve earthenware blends. The blends were fired glazed ang = -
‘Uniglazed. Vcharacﬁeristicsgt}V‘a'r‘iou‘s stages of processing were
redorded ahd”ﬁSedﬂtordétermihé»thé]qptimumumixturé with «respect to

m   }"COIQur;‘éhrinkagé;”ébiﬁ water absorption and warpage. = Each blend .

. was tested for its suitability fdr‘the«ﬁast~once;firé”ﬁeéhniquég,u -
Settling rates with and wlthout flodculants were determined for the
‘ Hesso clay. vEﬁfdrts‘weréimédé‘tO'detérmiﬁe the feaSibility,ofﬂépgay o
. drying. Fired tiles Wefe“tésted@fo:fhardhess‘andfcomga%édUWfth a' v
i standard commercial REPE e e FoRL T

T

R ST -
B - 2

 The Port Pirie plant was Visi}edﬂéﬂd a‘diééefinspécﬁioﬁ‘ﬂaae-

,H;of.éuiﬁabie,equipméht,_,teﬁaiisof'maﬁerials_preparatioﬁ.Methcds :
"*ﬂ-were,discussedJWith[Mr'SEadler;aﬁd technical representatives of an
“Italian Geramic madhinery;supplyldompény KSoéiétawimpiapti Termo= L
| EIéﬁtfidijihdustﬁiali)*withvauviéw'Ed‘utiiiéing existing equipment =

o at port pirie, = <

L

3. VORK IN HAWD e L

¢ Investigation of talds as an aitéfﬁativé‘Eé“ruaby.ﬁayftai¢;  o
Gl sdreeriing and firing tests of Mount Maghiﬁident”s@;id&;riﬁﬁéégigatiSn‘u
| Of known reserves of ball clays and Kadlins and a&lqﬁbmetryjéf,ﬁhé G
earthenware blends»dénéidéréd'maéﬁglikgly‘tdfbé Useds . . .o
4. urmmrhrs mavzvep 0 |

R S

age, 2beHIaLs tested for thoir possinte usa in aarthemare bignts

Cwepeg . T T . cs
A Clays - e 0; Georgstown, Cromes iigi, Cromer, ‘Pine point, |
. Yatina, Cowell, pavenport, Mirrdytown, Orystal Brook;, |

o Boolerco; and pauls (Pt Augusta), | Lo DrooRs |

e R

SRS

‘_va;‘%aidg;w“Mbuﬁﬁriﬁﬁgn;éﬁd.gr;dé;~ﬁﬁmﬁy”ﬁay"i§%?éfléé_ahd\ﬂ:‘u~,fl
o Tumby Bay 2nd grade ¢ o Sraeeand

Lk




;vﬂ;;‘:M i o L e “2‘% S o O()6 l3
| ,ﬁ% D s pouieMeNT vsmp g o
: ,  pan ﬁypéjplahétary mikerylﬁaééall mill,“gqréw’préss,_stonéwéré'
©...¢ Jar mills with porcelain balls, semi-muffle oil burner kiln, open
TR wound”eleétrical‘Wire‘résistance~kiln, Vickers diamond pyramid =
el ha:dness‘téstéf,,xésther*deﬁtpifuqe Spray dryer, Watson Marlow flow
- inducer and Cenco moisture balance, . L B o
TeminAT g B e e e e
6. EXPERIMENTAL PROCEDURE AND: RESULTS SIS

Lo R 6:1. Raw Materials preparation

w . Thé ¢lay samples were carefdlly chosen as truly representative = .
| of the exposed areas of the deposits. Bach sample was brokén down
 4n a planetary mixer and then a representative sample taken out by .
. quartering, " The final sample was ground ih the Pascall mill to
. . minus 18=mesh BSE and then water added to give a solids dontent of
I 23%. The slurry wds allowsd to settie fér 16 hours and then the
i : free water was syphoned off.  The balatice was screéned to minus
1o 170-mesh Bsss  The oversize was dried; weighed and recorded as a
¢ . percdentage of the totdl dry weight (See Table 1) e

‘.({"‘ :

Ve
\‘../’ B

‘ﬁiﬁésMWfo bréb§féd (éééf@ébléf?)‘byf

8.2 Farthenvare fHixes

i Twelwé earthenware _ 4 \
~ blending the screened clays with the other ingredients by wek

| ;,‘]n,_qrindﬁﬁg‘iﬁma\jér'mili:férleightjﬁéufs; _'The ground slurries were

P oven~dried at 105°C and the dried cakefpcwde”edyin the Pascall mills

P Y,,waﬁér~was,éadeawté,théypdwdér.Eywspfayihqrtojgiyéwafmdiéture content |

.. ' .suitable for éemi&dfy‘ﬁrééSinq‘M(Sé““‘ablé,B).ﬁv.THé,mixqwéé‘ﬁhéﬁ“f‘~‘W

. granulateqd by screening toé minus 12-mesh BSS.

i
B

i

S 6:3_ Semi-dey pressiig e r

2 hand-operated screw Fly-prass, The feed was welghed in at 20 '

Tiiengere'fofméayina,zhin;x‘é’in;f@ilagsteel'diéfitted‘eoT' 
7 grams to give a finished dépth of 5/32 in,

.. ,.khe prested specimens were aip dried for otie hour, oven dried
5““;[,“éE‘AS‘d\féf,ﬁWd‘h@ﬁfé;;aﬁd*éﬁbf‘d“dﬁ“lbs d in preparation £ér glasing
= and firing. Drying shrinkage was negligibis and wag ignored for .
EhiE gepept, 0 TE R R G e B i e




Srelere wall 4

 atomiser was opérated dt & constant speed:  The vagiab.
‘2 Sys em were feed rate,‘heat lnput, air ihlet and outlet

d”jfor the. PUrpose 6f achieving an én
=j:‘and havmng a molsture cOhtent arodnd 6%.ﬁ‘

o dhange of seﬁ_i

The fired spoc;mens were measured for shrlnkage . They were
wi15$ tested for hardness on the Viokers tester and the 24~hour cold
&Mter absorption was. determined. \ Results of these ﬁests are shown
“4n Table f ‘ : ‘ : : -
H
{

e SR By 5 Glaring and Pirl;g

An unfired tlle Erom each misc was sprayed w1th a boron-felsoar
clear glaze previously developed by Amdel.. The glaze weight was
held at 30 6%, per pint, appronlmately SSA solids. The glaze was

not adjusted to fit each mix but wds uged as a triadl to deternine

the geheral characteristics of the fired glazed bodies, such as
,bubbling, crawllng, blistering, colour,fetc. Results are glven
1n~Table ST L e ‘ ‘

B,
L Fean

6.6 srngle Fast Firl_g

ol oRE g consequehce of the results aohieved 1R sise hours"firing :
‘in the muffle Kilh a shorter firing. cydle was. decided on, - The open—
Wound electris kiln wag used to fire a single t e setting to 1070 d
“in. approx1mately one hotir, plus up to 15 minute “soaking period,
‘Thé kiln was cooled o lOOOC at two hours £roem sw1tch—on. The- rlrst
results were satisfactory, and. subsequenﬁ firings followed the same

““‘mprocedure. - Firing detaills dre given in Table 5 See Table 5 also
, for cold water absorption of glazed tlles N

,{J EXPLRIMENTS WITH MATERIALS PREPARATION

7 l Spray Drying ‘p

: An aftempp Was made to determlne the feasibllltyof Spray drylng

“‘;fHesso clay to a pre—defermlned molsture conteht of approxmmately 6%

; washed, screened to mlnus l70~mesh Bss and blunged
Grtent for two hours.  The slip féed £o6 Ehe dryer
stéred through a wWakssn Marlow flow indUcer: ‘ The‘”‘

Many settlhg comblnatiohs of the SjSLem & varla“les Were Hrled
d product. of suitable granular form

The unde”flow from the.:v
Cand

. MHe hmghest«‘
elay buillt dp
“as fiﬁnd to\be

40 Rt oo oo



b  “v‘ : f*7.2i Presslhg Sp {-dried Clay

L
Al

S A sample of sPray—drled clay refioved: from the dryér underflow

at 3% roisture content was pressed in the 2 dn. x 2 in. €ils diefand
wWag found to be an escellent presging material - Tha pressed /

- Specimen was hard, very smooth—textured and frec from any air

x\ S
pockets,” folding o laminating.  an dttenpt was made to préss the
‘game . t“”

Ype . of clay at 3% moisture after normal dven drying, but ‘\

without any SUCCeaS The material lamlnatcd badly and ghowed Ve'&, '

coor bondlng.

‘7L3‘ Settling RJtes

: The equipment used for this test lncluded two araduated SOO il
cylinders with an ineh ccale attached and one cylinder fitted with a
o Loripime rakes The slUrry was prepared by blUnging and °Creening as
- E6r normal production. The solids COntent was found by trial ang
@rror to ¢ive the béest results at 15%, ~However; the settllng rate -

was still too slow to achieve an édonomical output of washed c¢lay angd. L

- “further testy were~cdﬁducted'ﬁéihg various, flocculatlng agents. The
fbest results were obtained with Aerdtloc and zing . sulphate to give &

24~hour (dry welght) outptt £6r the 100 £t qia. thickene® of 170 £ong

ﬂ]g: : with t¥ea f@ed at 15% solidg; and'izs tonsg; with a feed SOlldS contentY'

i ““‘Septtfber; 1959

‘jffe'; oL 22% The underflow frcm the thickener would be 39—4OA oOlldS.

Figures l and 2 respectively show the settllng cUrves for l5 and

i ft22% solids content

c'J‘;~ The thlckener capacity Wa calculated according to Lhe methbd @
: glven in "The DeSLgn o} ContmnuoUs Thickeners for Flocculated =
Magerialsw by R:A. Couche and L.H; Goldney, ATMM Public?bion No. l9l

i

; . , g
e S T o ‘
(R L e e

| th DiécU SION

8 1 washing

L ALL clayb tested showed & “arked colOUr improveément afte;
Wi washing and no difficulties Were ensountéred with
CIA view &Ff the high gait &oni nt L o8t of £He
: ongly redommended thak 1 clays listed i ~“
;lbeforé blending, particularly if the fan cnce

“used.<; R

At

:015‘

8 2 Matmrlals
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o less white and shows indicatfons of containing moré flux than

o
SR :
T

o E (R

e
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G R e R e N D e
| yhﬁéb&tTCfOMQf reserves be fully investigated. Mount Fitton Talg,

3'{><,way that tﬁé‘gfaﬁulgéfété;nbﬁfaésﬁféyédp'éSwany’lﬁmpg'éh ering the =
‘die will upset the £low of the granules and restilt in serious -

R ;\@fdjéétlaremédiﬁablé‘fdr fast firing by the singla
. J Process.  Careé must be. taken i

.+ cénelusive, but.
- . this form of dry

ex Roddd, graded aéfT.ﬁ;Ugf’Wdhld be‘éuiﬁablé‘for tiles, but . is
éécohd‘gréaé Tﬁmby Bay tale,

8:3  Barthehvare Mixes
“ Srtilenvare Mixes

ALl the mixes shown in Table 2 have good pressing and firing =

‘ ‘tharadtefistids,ﬂbut‘éfe not all suitable for wall tile production

ydue‘toﬁibw*porosity; Phis can; of ¢ourse, be adjusted by

”intrbduding‘mofewréfraéﬁqummaﬁefial;iﬁtb the mix without upsetting

the other qualities, JUX Nos 7, CE 2000, would be the simplest
and cheapest blend, but woeuld have to be adjusted to inérease
pbfdsity;"”Tﬁié‘blend has‘BeeﬁyEé§£éd\6n a production scale in -
Italy and was found to be/médhanidaiiijaak-WHéhvéuﬁdeEé&‘td High-

_'spéed pressing and ejection.  For this reason samples 6f all clays

' -used in this project have~béen;dispatchéd“tﬁféuqhka,éEaaiér~té"?‘- 

Italy for production line testing,

‘9;4,;Fa§ﬁwﬂifiﬁ§f 8

57
R

 Results iﬁaiaaﬁe,tﬁaﬁ,ggaypﬁiéﬁas~a§ﬁd6néeiﬁuﬁea £or this =
or twicesfire

It is élédAimpdrtaﬁﬁ_ﬁhat'ﬁhe_"feséihg,pawaer be stored in such a .

-y variations.  fThe five-minute soaking perisd at, 5756

Iy LR . e 0

¥ : ) g S - ‘?‘}“ . : : f N

. Bi5. spray prying
A L L 13 : : :

S

s

o PRE

p 05

results of the spray deying investigation were not

} were sUffidient to indicate the feasdbility of

ng.  An industrial diyer having a much greater
chambéfadiaméﬁéf*W6ﬁla‘Bépméréuéuxtabléfféfgehe highet moisture
‘conteht réquired: The slccass of the pressing at 3% moisture
content would be oo

| the quality & he pressed spray-dried u S80 clay wag'

W

ina.would ap
E moisture dontent)

. Bi6 vort pirfe plapt

‘ j plant are cons
for slip storage or -

ddeal in ecapacity

to poThe slurry holding tanks in the leaching

préparation.
able for larges

009

en ‘to éﬁsufé,ﬁhofdugﬁ.mixiﬁg;aﬁaqmiilihég o

i jﬂ3§‘Wébiefgj‘fédudés‘risk‘éﬁ dracking diring quartz conversion
eXpPANS1iGH, L o e e | P

“ply~td‘ail.ééfﬁﬁéﬁwaﬁejmaﬁéfialéyhéviﬁq‘ﬁﬁé‘?f_"

d to ball clays or cther p istic materials:

R L e N i 2
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| Sundry vats méun

ﬁ%néficiation.vIntheéxtractidn,pla
for the casting shop., The

brepaf&tidﬁ‘bfgcaétihq‘slips; 

2 capacity of approximately 12
‘séttlingjtathiﬁ~the‘éﬁtradtio

breparation of casting slip. The &1
‘”td‘tﬁqﬂdfyGr‘Wéuidgbeﬁéﬁiﬁabléwfo bl

caSEiﬁgjélipnﬁolaingjﬁanks.‘
drying«ovénS7‘small“filter presse

partie
00 1b @y

S

A

Lces wouldmﬁaVé‘to‘bepto
ted outside the
for weﬁwor,dry,sﬁdfage; el

6.

nt & f
vacuum filesr drums  cou
ularly the
P Ary welght per hour,
ﬁ;plahtucould;éléo-bequEd pife

Other items of interest would

nnected to the pentads
-éxﬁradtiéh‘plaht would

5 .‘" !
; .

4!

3;  VVZA_()i()

few items are of interest
ld all be used for
which hag

large drum,

£

adjacent

or-as
include

small agitator vats

,Water treatment plant, motors and

L v

building,
be of intérest
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BRI e R L e T L T T e D et 01z G
| TABLE 2; EARTHENWARE TILE BLENDS Ao

D i i

Ke

ST e e L T T T N o
Ingredidnts v 02 0 08 4 5 7. 8 9 16 i3 i3

‘001 2018“ 2039 2050 - 2c

 Material = CENo. OF No. 1995 1899A 2015 2020 2038 2021 2000 3¢

Hesso 183" 95 ' 57 57 s 4p 57 ‘56"‘ |,  ,,40“:ﬂ57. 57
Hesso v i 85 B e iy ~ S
Cromet gl | vidféé e e 20 e : T e R
- Pine Point \:‘ u 1835 o n MAO. Tie. AR e 0T
POEgREENn oL BB L e b e e e L
vablng o 00 MEgs e L L 4o o
Cowell  ° 2026 . S Ll e o B
bavenport, 2027 gy R R e |
Tale (Pusby Bay) = 20 30 40 40 40 7.5 40 I8 20 20,
silica (Redda) = 5 5 LT N e e
Eeldsparv'“n; fff‘w_ S S pkvn,‘ﬁgj“:‘ :f i5‘ ok *y :-f“”“"“ ‘, ng

T, st o i e e A., Bl L e T il A
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SR \ZU ‘ - TABLE 3; MOISTURE CONTENT FOR PRESSING
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1999

1999a

2019

12020 .

2038

2021
2000~
2001

 2018 

2039 .

52050 ‘
2081 -

7.0

. 4.8
W7a9

8.5

7.8
5,00 5
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?iﬁﬁb CHARACTERISTICS OF BISQUE TILES
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(Penetration)
Absorption,»%

Hardness S
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 PABLE 51

ONCE~FIRED

e AT Ea

TILES AT 1070%C Wl

Soak at :

‘Glaze Covérage

Glaze'Texture “M‘m@mv
S ﬂ

‘i§99
19°9A M
*2019 : f"““f“»

5 mins.‘;l he 15 min. . Complete
.e;o;min;‘ o .
10 min. "
. 10 min. 1
, 5 miny N
15 min: o "
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 are sliltable as madjor ifg

~ clay prépar

* the plant as the exisiting lines ‘
-~ from the main street of Port Pirfe. - b .

g YU LT : e
e L i &

~ SUMMARY =

- s : o History THE
~ Inresponse toan applicalfion for assistance from Australian Ceramic, -
Industries Pty Ltd, the South Australian Government Department of Mines
requested Amdel to investigate local ray materials and carry out other
necessary work for the development of Ceramic wall tiles. ;

ko) - Yoo ' : :

: . Objectives

It was desired to prove tlie suitability of local white clays, the develop-
mént of blends for the semi-dry press method of production, development of

" single fire process and evaluation of equipment at the Port Pirie Uranium

Plant:

i Summiary of Work Done

@ ‘ : S
Clays dand tales were sxamined and processed; siitable blends were

. developed, pressed and fired using the fast once=fire process: Equipment |
at the Port Pirie Plant was aggessed, ‘ - o

BRI ~ Conclusions ., ,
e {nvestigation has shown that riot legs than eight clays dnd three tales
ipredients in earthenware:

" The tWelve ea are bldlids listed ifi Table 2 are not all suitable for
"wall tiles due to lo sosity of the tired mix and low green strength and it
‘may be hecessary to {ntrodiee up to 10% of highly plastic ball elay to achieve
{hié green trength regiiired for high speed pressing. i
~All biends Tisted are suitable for the fast onee=fired procsss and would
not be expectéd to present any problems od d j:Hetr eycle, : :
 Most of the slirry and settling tanke at Port Pirle%re ideally suited to
1 | ion dnd slip blending. PRI | S,
fiecessary t6 investipate the standardisation of the rail dink to

1{es may be uiisable when the main lire 18 pemioved

It will

R Recompietidatisns.
The following toples remain to be investigated:
4, DProof of clay aid tale reserves:

[

;. Screetiihg and firing tests of Motint Magnitioent siilear g
&, Detatiediistingof unwanted equipment at Port Piriec % o

Pt o
B

%




esfig‘atiﬁg raw materials -

¢ The project y}z,as"ini‘ciated‘f‘d‘r the purpose of inv - ma b
and developing, suitable blends fm;the«’ﬁiamfactu're,.vof ceramic wall tiles. = e

‘ The work was to include washing, settling rates, tile forming, investi=
-gation of dry and fired characteristics; ‘development of fast once-fired s
techitiques, glazing; gpray /drying and sgasssment of equipment at Port Pirie -
Uranitim Plant., ‘ b e o

i
r : 5 E [IER R

5. MATERIAL EXAMINED

o
{4

o " Materials ﬁ‘éété‘d‘f’d‘:‘c‘,f’théir‘»‘pQ’éSibie‘ Jse in earthenware blends weret 5
q. Claygs Hessoy Georgetown, Cromer "C!; Cromer; a2 :
Pine Point, Yatina, Cowelly Dvaenport, Murf‘ayt‘cjg\xzn;

%Q‘fysﬁaivBrcokg Booleroo, Pauls (Port Augusts) and
~Stokes Sections 12 and 90, | | i
.. [fales. Mount Fittan 2id grade; Tirby Bay 18t and 2nd

Fisiutlve s

grades, Truro; Joe's Hill (Triire) and Liyndoch:

e

4, ANCILLARY MATERIALS
s The feldspar atid silica used in the blends are stockmatemais (e'si S« N, '

~ Rodda and Co. (SA\)‘Eﬁy‘;Lﬁd; "I‘P"ié“fe‘idspé“f ig mined at Broken Hill and the.
silica in Victoria, (the iscality of thie mine Was wot gotight)

O o 4, BQUIPMENT
- The following squipment was used:

Pan type planstary mixer |
adgespvuniner mill o i %

jare jar mills With poroelain balls

fig oil bUr v Tetln

¥ickers diamtotid pyr wid hardness tester, el
| Ketner gentrifuge spray dryer e
© iyatsoh Marlow flow inducer . - T P

o




5 EXPERIMENTAL PROOEDURE AND RESULTS i

5 1 Raw Materlals Preparatlon

‘ ’I‘he clay samples Were carsfiilly chosen to be truly representatwe of thc ‘
~exposed areas of the deposits: & A
e HEach sample was broken dowt i1 & planetary Hiiker and then & represen- : '

tative sample taken hy quartermg‘ e
‘ The final sample was ground in the Pascall m111 to minis 18- rnesh BSS e
© and water added to give a solids content of 23%,  The slurry was allowed to
- 8ettle for 16 hours and then the free water was syphoned off. ' The remalnmg
slurry wag screeried to mifius 170-mesh BSS,  The overs1ze Was dr1ed,
“weighed and recorded asa percentage of the f:o’cal dry welght (See Table 1),

, | 5.2 Darthenware Mixes Bt b g ,
e 'I‘welve earthenware mikes were pr'epared (see Table 2) by' Bleﬁding the
S screened clays with the sther 1ngredlents by wet grinding ifi & ja¥ mill for 8 -
- hours. . The ground slurries were oven dried at 105°C and the dried cake Ef D
" powdered in the Pascall mill, . 6r Was ddded to the powder by 8p aymg ‘ .
to give a molsture content sultable for pressing (see Table 3} 'I‘he mix H
LT

was thén granulated by soreenmg thrOUgh 124 mesh BSS

nt

iz

53 Sem1 Dry PreSsmg

5

re formed a2 x 2~1noh m11d steel d1e fﬂ:ted toa hand operated
d was weighied in at 20 g to glve & flmshed depth of Aa ins
The pressed spssimens Were air dried fof 1 Hour; oven dried at 4506
ot 2 Hotirs; and stored at 1059 il preparation for plaszing and flrmg Drying
shrmkage way. neghglble and Wwag: {gnored for tﬁls repor{; R

e o s o B 5 4 Blsque Flr‘li’ig‘

rFigd 6tit -
| The"clies Wwere brotght' to 1070°d i 6

54

sastred for shrmkage;
‘ : s tester afid subSeqiiently
Water absorpi:lon Wi dé’cérimned,‘

‘I‘abie 40

he 2. hi tir cold
Resul%s Bf these fés‘cs are shovi)n 1n ‘

45 sprayed W1th 4 borsHs ~feldgpar oioar |
“"”L : 1e glaze Welghi; was heid : oz g

. ‘ of the
bodleé; siiehi g Bubb'lmg, erawiing; bllsf;ering‘; oblbﬁr; e’cc.‘ e

f F‘lndlngs aré gwen 1n Table 5‘




.ﬁw . ;‘f . “ 5 6 S111!%‘1e Fast Flrlng

: As a consequence of the results achieved in 6 hours f1r1ng in the muffle
#5kiln, a shorter firing cycle was deeided on, =~ The open-wound eléctric kiln
il  was used fo fire a single tile setting t6 1070°C in clpprommately i hour, : : . !
e plus up to 15 minutes' soaking period, The kiln was cooled to 100°C in'2 hours ’ i
fromi switchson, = The first results Were satlsfactory, aiid subsequent firings
followed the same procedurea ‘ Flrlng detailg are glVen i Table 5, . See
Table 5 also for cold wa‘cer abeorptlon of glazed tiles, =

5 7 Spray Drylng

- An at'[;empt was made to determme the fea51b111ty of spray drymg HeSSO

clay to & predetermined moistiire content of approximately 6%,
) The clay was washed; screenéd to minus 170-mesh BSS and blunged at

35% golids content for 2 hours.. ‘The slip feed to the dryer atomiiser was

me‘cered fhrough a Watson Marlow flow indicer. The atomiger (cen’crlfuge)

was operated at a constant spéed:  The variables in the system were feed
‘ rate; heat input; air inlet and otitlet temporatures. . J
| Many settitg combinations of the System's variables were trled for the
T ‘ purpose of achieving an end product of stiftable granular form and havmg a-
. moistire donteiit arotind 6%: |
‘ : The tnderflow from the drying chamber Was removed at every change
L of setting and tes’ced for m01s£ure content; The Highest mo1s’cure attaified -
o wag 3%

; ~ At nhigher values the clay bmi‘c up rapldly on the chamber walls, Whis
T condition was found t6 be 56 ‘ liig where the moidture content o
: skceeded 3%: The tindérflow from the dryer excludes the finés which are

i ‘ taken off at & point in the fitie system:  The fines were Welghud and found te
1y be 16:8% of the totdl dry weight of dryer otitpu’c R g

5.8 Pressing Spray Dmed diay S

ved from the dryer undcrfiow ai 3%

, c 2-1ieh tile die and was found to be

'an exoellent pressmg ma’ceri The sed Spemmen Wwas hard; very

- Emoothistext fro: "‘y pocksts; folding or lami Ani

‘ef‘"uemp’c Wwag made 16 press the satne type of elay at 3% misisture after normal
Gve diying but W thotit atiy sdcoe%s. ~The matr*rlai 1am1naf3ed badiy ant

¢ shoWed very poor bondmg: e

; ,s'a’c 15%, s
58 fstﬂl‘ too slow to aciu“‘“Ve af ecohomlcal etitput
diicted ugidy varislis g

d Wlth Aerb ]bc At 1&1 g su ‘_pha _c{o

G




"glve A 24- hour output for tHe 100 ft dlame’cer thlckener of 170 tons dry welgmt
with the feed at 15% solids, and 123 tons, with a feed solids content of 22%:
“The underflow from the thickener would be 35-40% golids.
Figures 1 and 2 reSpectlvely; §how the setthng curves for 15 and 22%
solids content.
~ The thickéner capacity was caleulated according to the method giveit in
"The Demgn of Contintious Thickeéners for Floeculated Materialsh, ! \

"5, 10 Dllatometrx \

Flve mixes Were diy preSSed t6 form spe01mens 3Xx i/’a X ‘/a it and
® fired in the Dilatometer Furnace at 100°¢ per hotir to 1100°¢, soaked at that:
temperature for 3 hours and aliowed 16 cool.

Figures 3 to 7 show ?ht\ieatlng and ¢ooling curves, The 1YY axis indi=
cates dilation and the X" axis thea’cemperafure One divisish ol the Y axis
18 eciual ’co 0. 5% 11near<pxpans1on. The coeff1c1en1;s of expansion calculated
over: the"® range 0500 O; were!

Figiire 4 Lo Goefflclent of - PFiied Shrmkage
e s .. . E¥pansion ,'11100°d; %
s oHISWA o bx10tt g4
v 4 CH2018 o Bx07C 3.6
© U5 cmaoel - doxio® 65
6’ 8% 10°¢ g 2:95 :
0 7 8x10° t. 5.9

: Be ; iBay fald.

= ‘ - Trurs talc and Joels HIll tale ('Iwrtiro)

 The flred Speclmens mdlca‘ée ’cha‘c ”Vlount F1’ctan ahd Jde‘s H111 taiV § HYE 8
: ‘"‘abie‘f"

: 'Hlli i*eserves haVe Hot ‘been provcne

& mscﬁsSION o

. ‘1§ PEpPoT Jolc
. “f'1’r<’ad ‘method%is to be useds - In
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6. 2 Ma‘semals and Resérves

¥ The only clay found to be wholiy unsmtable for white wﬁre wag from Paul's
dep031ts near’ Porb Augustaa - The, kaolms in Orde“ Of“p”efe"‘eme‘ wauld Bas
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Would have to bé ;jusfed ’co {Herease pOt‘osfcy. This blend hag been tested -
5 diict} i1 in Haly and was found to be mechanically weak whed
;u’éomatm High speed pressiig iid ejection,  For this reasoit
 gamples slays uged {n this project have been desbatched‘ throu‘gh MI:- =
S{adler {6 Italy for brodﬁctioh 11ne tt:.sting , ‘ :

SRR S L 6 4 Fas{Flring :
Re it hat elsy ble 1ds 48 coﬁstlﬁied fot 'this p“oaéc‘c are sufﬁw
Atig By t mgie o1 twicesfire proce Care‘ must be"t
thiorotigh mixing and milling, It 18 also imm; ‘
_be s’uored i guch & way that the granul
merates s ¥ tle dlé W‘li@wset Ehe

I
He

RN

ot e ol oAb e | S i
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6 5 Spray Drymg

U
153

‘The results of the spray drymg mVeStlgahon were not concluswe, but )
. ‘were sufficient to indicate the’ feasibility of thig for‘m/ of drying.  An industrial
dryer having a much greater chamber diameter w’o/uld be niore suitable for the
., moisture content requlred The success of thé pressing at 3% moistire con-
. . - tent would be confined to ball clays or other plastic materidls. However,
 the quality of the pressed spray-dried Hesso clay was excellent and would
apply to all earthenware materials havmg ﬁhe correct moisture content

| }

1

B
JOSEAN

i3 3 5
SR e

‘ ‘ & ‘ ‘ A ‘K;LJ
. g R 6.6 Port lee Plant Y -

. . The slUrry holdmg tanks in the leachmg plant are consu:iered tocbe ideal i
Corein capac1ty and agitator speed for slip storage or blending. The digestors
would be of definite interest for an ekpansion programme.. The raw materials M
- hoppér,; conveyor: belt and slirry. tanks are suitable for initial ¢lay preparation. il |
». The large thicketiers’ are con51dered to be quite sultable for 1arge dcale °1
beneficiation. In the extraction plant a few items are’of interest for the =

casting: shop. The vacium filter drums cotild be used for preparation of
 casting slips; particularly the large drum, which has & capacl’cy of approxi-
‘ B ~mately 1200 1b dry weight per hotr, The settling tank in the extraction

>V plant could also be used for preparation of casting slip. The six small

: agl‘cator vats. adJacent to the dryer would be suitable for blendifig colotired
- slips or as eastin slip holdmg ’cank _ Other items of interest wotild mclucle
drymg ovens, small filter presses; w{ater treatment plant, motors and
pumps:  Stundry vats motinted outmde the extractlon plant Would be ot‘ |
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interest for wet'or d nagea R ?M’ i
The power hotis rices woild be@‘déqhate for the whole plan‘ce CALL ket
servlces would have to be connected to the Pentad building: PR
. Work Sh?p equlpment Spares stores; iaboratory and ofﬁce equlpmen‘c ‘ { »‘
could be ftilly u’cllls"‘ed‘ =8 i e ‘ ‘ R ‘ vl |
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COARSE MATERIAL, % PLUS 170 MESH BSS
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TABLE 2

EARTHENWARE TILE BLENDS

&

ts ~CE No:

B

_Mix Number .

’1A'
; CE Noi #
T 1 99(9A

=

2 3

OE NOI

2019 2020

2038 -

d 5 ks
CH No. CENo. CE No.
2021 2000

8 9 10 iz
CE N,
2001

Y AN
CE No. CE No. €
2039 2050 , 2

CE No.
2018,
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TABLE 3: MOISTURE CONTENT FOR PRESSING
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'I‘ABLL 4t FIRDD CIIARACTERISTICS OF{ BISQ

v lud:

L i

UD TILDS

)

CE No.

- Absorption, %

C‘oi‘d' Water : Pe‘netf‘aticm;

Hardnegs -

Shr-iﬁicage :

0

Colour

1999
1999A
2019

‘ 202.0
“;?2038

2021

2000

2001
2018
2039

Commprmal

tile

i1.31
16,8

© 1448
13.3
12:7
17.5
13,1
18, 6

15,0

- -

OO O 00 i QO QO B O

-

™~
—

3,96
1.98
3:96
3.46
2.47
1,96
3,48
3 96,

»98
3 96

Off-white
White
White
Off -white
Off - White
Off = white

Off = whlte ‘

White -

Off = w}ute oL

wOff = whlte
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. * TABLES: ONCE-FIRED TILES AT 1070°C S
L A i . Soakat575°C: 5 minutes | e ‘
! ‘ ~ Glaze Coverage: Complete | o

; 6B No. Firing Time GClaze Texture Tile  Shrinkage  Cold Water / "
~ . b ' Heur  min, o - Quality % © Absorption, &
| . | %

5%

1999 1 i5  Fine orarge Good 4.68 0 10:8
P . - peel . e '

‘ié'éf)A i 10  Smooth satin  Cracked 0.8 16,4
2019 i« 10  Smoothsabin  Good 1.6 ig.4
S T (L 10 Smoocth satin Good - 3.1 11:5
2038 1 . .5 Smoothsatin  CGood 1.6 11,2
/ 2021 1 - 15 Smoothsatih  Good - 0.8 . 149
b Cos600 1 10 Smooth sutin  Good 3,12 102
,// . 26bi Yoo 5 Fine orange  Good 46 143
2018 1 15 Smoothisatlh  Good . L86  if.7
| ‘,,"203”9" S Amo 100 High g‘iéSé L Gosd A4 o4
3'3 o s066 1 10  Smooth sabin  Cracked 46 164
5081 1 {0 Highgloss  Oracked 3 140

N

- A i “', i \
~ Note!,

-
o

British Standard for wall tiles requires 12187 absorption.
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Linedc expansion
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PiG.3: DILATOMBTER CURVE CEI999A MIX NO, 14

* Lingor’expansion:

P64 DILATOMBTHRCURVE CH2018 MIX NO. 9
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Lihear.expansion:
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DILATOMETER CURVE CE2001 MIX NO, 8
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Linear expansion: ..
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