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STOREYS CREEK TIN MINING COMPNAY N.L.

DORSET KAOLIN DIVISION

Report on the establishment of a plant
at South Mount Cameron, North Eastern
Tasmania, for the production of Kaolin

for fillers in the manufacture offme papers.
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11. Ke:l.*h Turner
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•••
i\cknoW~<ldmeJ(J..t :is l',ade to 'tu(» Dirac'!;oz' and
Of:f:l.oera of" the Ta_a.~ia.n Mines Department •
to the General Supel:':i,:·j'l.ten.don.t and Teclmical
Stet'f' of' A81Elc>e:l.ll.terJ. Pulp &: Paper Hills Ltd"
to Mro \L H. Cropp and ),11'0 .1, Vol-er,

Their support and interest haA been of'
!wwea$ureble assistance in bringing the
pla:nning of' this P1l'o.1ect to i'&8 present
advanced 13i;age?
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Copy of' letter :/.':Nlm A.?P.U.Ltd",
Durnie, Ta~an~~ = dated 25th May,
1962 0

]1, Report by Un fl?n'~ eo Aasc'Jia.tes
j<;et:bm.tee Q:l r"'~'el1'Vel!l 01: Kaolinitic
C1.a]r in th0 South HOU:ti.t CUllIeron
Area, Tf.iSl!l"'!lxh~, !~th Jt"ly, 19610

RElpnrl; ~>Y l:he D·"partmer,t of" Hines
Lahoratory 01: TrJ.!li!!!ar.ie
Orr't .d:t:'~ssi:u.g :Lu:'l'esti[.;e·.tiol1.
IT '61. R )64. R 365. R )66 and R 368

20th April ,. 196L.

Do P0!?O:":''t 'by~7 ~H. ~.::!."opp ~. A.i'~bruary-~ .1963
li'l\hl.i:~ d~i::;<i.gt;. or 'r",'::'eaj;nH~H'\t. p.1.antt()
produce pt\}.>-ar qt;a.1ity Iraol~..n :fl.",m
SOt1,t;b, 1!<:}Ult.'t Ctuneron R,'!.w CIa.y,>")1t

l1;. Fl.')", Sh,H,i: m::.:l. Pl:>.n.t Layout Plan
to e.CCOMPl.l:ilY Sc:ht'dule C, by W,H"Crapp
(Z parta.l

'J', Plan of Br.,I>.':tI.',. Alf.'ea., South Mount
CwueT.'on,

~~r- .P1.001 ot'" SCt.l1:ts ..'~ro~~~, Sout;;,. };Ii{OUllt
C;l!:u~rc<t"

:1:" Plan (,f 80ilth ~lonn·r. CaUl8xoD Area
9h~lJ:hllq; leaflae eto., .- 1" "0.; lO ell.>;;::!.!",;
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.~,j.d'L/l' KiWLIN DIVISION

SUIIIIIlary '" Conclusions.

1. Prof':1.'t Summary and re'turn on Capital. rnvestment

Assume (a) 15 years 1if'e ~ 1:1
(b) Repayment of Loan Funds £60,000

over 10 years at 5'1>
(c) Taxation at current rate

t;;.
•

-Nett re1:urn

Val.ue of' Production

Deduct - Operating Costs

Loans &. Interes't

IncOllIe Tax

Redemption Working
Capital ... Preliminary
Expenses.

Annual. Return .. £46,833

.. 49091'1> on Equity Capital

2. .!.':!:Q..,ision of' Funds and Capita'.!. Construction

Cash Capital requived £168.850.

Provision :

Equity Capital

Loan from Tasmanian
Government

Loan from Bankers

60,000

15.000
£168.850

•

J 0 ~:!" Clay Reserl'!!.!.

Tt,'o areas, Browns and Scotts. haVG been carefUlly

tested and. p'rov.!'d reserves to'tal 129.000 tons of

finished clay as paper fillers.

Ir~~~eserv9sat the YZ area from a limi'ted

drilliv€ and sampling are of tl~ order 200.000 tons

of finished paper f'illing clayG o
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4. Prices for fUlers

A gx'OWing market exist. with A.P.P.M Ltd. at Ba.na1.
and in the near future, requir_nts of the ol"C1er

14,000 - 15,000 tons are soundly indicated.

The agreed pric. of £20.10.0 per ton of f'Uler ola:r­

as per specif'ication has been applied :in thi. report.

So Services and Manpower

The new oreanization related to the _11 e.tablished

DoX'sot Tin Division in the same area :l.s of' impoX'tance.

6. Planning f'or this establishlaent is _11 advanced.
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DORSET noL.Dl' DIV:ISJ:ON

PREAMBLE

A.p.p.n. L'tdo at Burnie in Northern TaSlllB.nia are the

largest producers of fine papers in Australia, The industry

was established about thirty years ago and draws it. chief

raw material :from the sp~endid forests in the hig!1 country to

the south of Burnie.

The present production o:f N.ne paper is in excess o:f

70,000 tons per annUl!! and steadily rising. New paper-making

machines have recently been installed and capacity is perhaps

as high as 150,000 tons per annum.

For filling purposes, clay is imported from Cornwall

:in bulk, Coating of these papers is completed at Ballarat

:ion Victoria wb.!llre A. PoP .M.Ltd. own and operate a cla:)" deposit

similar in many respects to the deposits at South MtoCameron

~"n Tasll1ania - those deposits to which this report refers, rt

is entirely probaale that. the coating operation of the filled

paper will eventually be done at Dumla, and this could be

in:flul'l:rJ.ced by a supply souroe of coating grade clay in Tasmania.

A.P.P.M.Ltd o, from their Ballarat plant, also supply

to A.F.M.Ltd. o~ Melbourne their principal clay requirements 0

The jJreaexd:consumption of ~il1er clays at Durnie, all

I>t: wh:i.oh are naw imported, is around 15,000 tons per annum and

:d.sing wi th the steadily increasing paper requirements in Austral.ia

•• :filler clay usage 1$ aroum;!. 15% of: the weight of' :fin:lshed paper

produce<'! 0

A,P.P,M o Ltd v , over the past twenty years. investigated

"evl':t'£.ct clay sources :'.n Tasma.'1ia, but were unsuccessful in

luc~tlng uapos:!:ts w:ti:h Stl!tab:l.e charao'l;erist:!.oso

The a.rea,s-toef'erred to 1n this :r'Elport in N.E .Tasmania

hnve been discov'.,red in the past ten years, .and the extensive

,r-esearc~ work,ct()ll'lpleted b~' the 1>!ines Department Laboratories at

Laul:lceston has ~stabl:!.shed the treatrdent required to produoe both

i'il1e",' and (mating g:rades of' clay",
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MDiDiG TrrI.ES

Tho following titles are held by Storeys Creek Tin

}Uning Company N.t.. -

1, SCOTTS AREA _ Mining Lease 8M/62

of 40 acree

at South Mount Cameron.

yz AREA - Mining Lealie 9M/62 v

of 40 acres

at Glade'!:one.

BROWNS AREAS- Options over
•
(a) Mining Lease 12M/59

of 5 acres

in the names of'

G.~. Drown & M,L.Watt.

1M/59•
_>T>

(b) Mining Loase

o:t 10 acres

in tbe names of' E.E.Drown
and }f.L. Watt~

Total Purchase Price of the above leases
, .
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DORSET KAOLIN DIV:IS:ION

!e8t~pg of Kaolin Deposits

~\'-t,
~.
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1, The first testing work cOIIIpleted was on Brown's

Areas - M.L. 12MJ~9. during 1959.
Drilling in theee areas was carried out with closed

type auger which is used extensively on beach sand

deposits, The tool is band operated and prov:l.des

an. excellent sample from a known horizon without

contamination.

Around 25 :feet in depth vas maximum at thie stage

the rate of progress was slow and uneconOlllic c

Samples were out from S' drives and sen't forward

to Durnie ~ A.P.P.H. Ltd. being the sponsors of

this progr_e.

The laboratory work on these slUDples consisted of' =

(a) De·l;srmination of' particJ.e size

(b) P"rcerl:tage 01' minus 30 micron llIaterial

(c) :Ignition loss 01' (b)
(d) Brightness of' (b)

(0) Yield of' suitable clay,

.§!5>reIs Creek Tin Mining Company No L. through Dorset

Tin Division operating in the area entered the field

:l.n 1960 and applied several drill in« me1;hods. ineludin«

a 16" Conrad plant,using casin«. '\;0 determine variations

Dvor a 2arger cross-seetioD,

In 1961, a special plant was designed and butl t at

DQrset ~ a.mobi~a un:!.'\; powered by a Winaconsin petrol

motor and using a spoci9.J, earth socket - diall1eter of'

5" - This was the most suitable tool employed,

Samples weN iiliieno.ver 5' drivee and in the 1a·~ter

sta~eB o~ the programme, checks were made over sec'tions

of' 25"i1'1 800t1;'s areaso

:3" A scout boring programme of an area of' Bailie 50 square

miles has indicated several important targets for

f·u'tura Bxpl.oratj.ol' •.
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DORSET KAOLiN DIVISION

R.eserves of' Crude· Clay in the

South J.lt. Cameron Area".

Attached hereto is a report (Schedule B). by

R. Hare & Ass6c~tes on the aboven Investigation

o? tnaareaa shOW considerable potential and ref'er

t.o :riller grade material. The YZ and other areas

have bean prospected on1y and are located within

a rew miles of' the proposed treatment plant which

~i~l draw sUPPlies initially from Scott's and

Brown t s areas o

Mining Leases. etc., are held as :­

(a) 40 acres Scott's area.

(b) 40 acree -rz ares.

(e) Options OVCI' 1.5 acree leases Drown's area,

Pro5pect~ Rights over 100 acres adjacent

Drown's area;;"

l'roved rl'H,ervas are nonll&x-va:i;:!.yely stated at

190 000 i; ems of finished <.:1 ay'"
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DOHSE'!' I>il..OLlN DIVXSION

Research and Related Aspects.
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1 0 The initial researeb work on the South Mt.

C_eron clays was completed by A.P.P.M. Ltd. in

their laboratories at Burnie.

Bleaching aspects were p-.rt of' this study and

paper made by hand using chlorine bleached Kaolin,

after SeVe1"al year.s. has shawn no regression of'

bright-uoss"

Arising f'rom storey's Creek's interest in the

clay areas &ad their request to the Director of' Mines.

the lUnes Departmen'l: Laborator:f.es at Launoeston, under

Mr..Walter. Manson. completed a most extensive examination

their report (Schedule C) is filed herewith.

Fux'"thar stlld:!.es have covered other technical.

aspects including economics of' drying; which is the

most expensive section of product:!.on.

l"ree chlorine as a aatisfactory bleach f'or minor

organio matter bas been f'ully established.

Drying techniques The application of' spray d~

in the Georgia Kaolin areas of' the United States was

studied by MroWalter Manson on a recent visit to those

areas, and consideration is at this stage being given

to this method in the present f'lowsheet. replacing steam

and conveyor type dryer and limiting the usage of'

flooculents,

_~With the establishment of' the South Mount Cameron

,~ration research laboratories will be set up at

the M:I.ne
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DORSWI' KAOLlJi DIVISION

MARllET$ AND PRIOl':S FOR FIJ,J,ER AND COATING

GRADES OF PAPER CLAYS.

1, Re~erence is made to the attached copy of letter from

A.P.P.N. Ltd., offering £20.10.0 per ton for filler

clays aaper specification, delivered Burnie in paper

bags, (Schedule A). . 'This letter :l.s dated 25th Hay,

1962, and indicates a firm market for 10.000 - 11,000

tons per annum.

A,t the present time.• following installation of a new paper

mald-ng ma.chine. produo tion of :fine pa.per is increasing

and 01' the order 100,000 to;:18 per ElJ1JlUlll. Filler clay

requirements are of' the order 15.000 - 16.000 tons per

annum, portion of which is met .£'rom A.P.P.M. 's clay

plant at BaJ.larat - these fillers being -the .. seconds"

a:fter str:!.pping-out with a centrifuge the coating clays

required :for their own papers and f'or the market with

A.P.M. Ltd. also in Victoria.

Reoent advioes f'rom Mr.Corne1ius, General Superintendent

of' AoP.Po~{. Ltd, 0.1: Burnie conf'inn his letter o.£' 25th

May, 1962,

2" It is considered -that the market :for filler claya with

A.P.P.M. Ltd, is the :first target.

Markats :for coating clays exist in Japan and New Zealand ­

"the typical pd.oe being £30 - £40 per ton F.O.D.

Additional plant required f'or the pr.oduction of coating

grade. could oost £50,000 and shew economiC. well in line

wi.th those of' filler clays,

5. It is eVident that markBtawith~Australia will increase

steadily in the future.
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Site prepa.ration

j{ater Supply

PC-Mer Supply

= .15~OOO

Finished
tons
clay)

2,000

]. ,000

.1,,000

1,000

1\-1ini:"'~1 r~quiprneni;

2: Shov{~l Loaders
1 Stoll Truck

6c; Deg~·i.tt!~"_.S~c·t.i~

Ho~par h Ccnveyor belt
Gle,y' 1\1i1.1 I'~ agi"i;a ~;or

Clazsi:&r (e~ Drok.e:;::.
H:lH)

rr:r~ofi1m01

Surgl.~ Ta:n.k (,; agitato:l'"
:3 Hydro \St~pa.:t\a~.;ors

20') dJa.;.
1~ rmtmps ," motcn::'s &>

p:lpi:"lg
1 ;" 250 mesh. "creen
HGag..') rd; l'eed'S)....s (~ tanks

;! ,-..10G
2,lWO

InSOO
600

1 ~OO

1;,750
2\)000
;~~)(ig~

14,500

'7 ~ nt~?asL~~2§!..£ti,,2E;
::)toY'r~~ge tank & agi tato1."" ') 9500

d:La o 2:] u x 1.0~

~~ tanks 1]n,6~~ xl0~ 't'ITit.h
J.1-,e j .tators 6 ~ 50!}

:?- n(;H:l'~ivg tank
l6 1 x 8 Q x 8' with

11 ii 500

3,000

1 000

:2 J?'_~~e1?d .F\:L~:toY"S

Complete ~;)tal 600 sqc
:ft f

Oil f."':.:r'ed t'~ack~_!~'e

rpo~o,:maBter} Doi16r
~:O ,_ a'Jr-, .J. bB/h~:"'

(;Ol1V{~Y'(}:r' <'-- :i".:-jlt'9:\;' to
dy.'}"'er

n:t:D.8
Jla·gg:L':.'"t.f? .PI ~.'-:nt

i.::u.e:t CcJ.J'~'ct; :1.0::1
11'o:t"X li:f't; <:":ru.. ck

~::, :500
2;;O{,\G
1 ~)OOC

~~~_,O(?.£. 6 r 500
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Housing (transfer f'or Dorset
Tin)

Laboratory & Fittings

9.000

5,000

284(116

•

tfine BuUdi.B2

Stockpile bUilding
4,600 sqofto

Mt11 Housing

?r~ing & Stairway

Concrete :f'loors etc,

Ac~inistration&
Contingencies

6.000

6,,000

2,,000

2.000 16.000

••••..""

•-.

A, l'1:J.J'J.:in,g· & Treatment Plant £150,,350

D.., ACq~:1.s:ition o:f Br("H~"ni)s B,reas 7p500

c.. Preliminary Expan;'3ea 1 p OOO

D" HorkiLng Ca.p:!. tal 10,.000
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D(;RSET KAOLJll DIVISION

NOTES ON CAPlTAL REQUIREMENTS

1. The eetiJita:ted capital cost of' plant required to

prov~de 15,000 tone of finished clay in paper bags

is Sh9Wll at £146,'50.

Reference is made to the Flaw Sheet (Schedule E)

~hich provides ror production of' 40 tons of finished

c.lay per day, Estimates for plant and establishment

are based on this layout.

A m.ajor difference in the Report of the Tasmanian

Mines Department Laboratory and Mr, WoH. Cropp's

Report is that the exper:l.mental work carried out by

the "fines Department on degritting was based on the

application of' miniclonee. Mr. Cropp bas applied

c:drcular hydroei:ters. f"or wh:1e h £12,000 has been

aliocatod in the capital structure. {Quotations for

hydro3~zers ar~ from Dorr~Oliver}o

~!!ltimated co",!:&. of' HinicloTJcs and pumps to replaoe

hydrosi3ers is £2,000 0

~L &,e.nc Filter~ at £11,000 each installed, area 300 sGoo:ft"

a~? currently Ul~or mallufacture by' C,P•. &Eo o~ Malbouxne

:fer t~.t.animll 11h..1.te 1nd:,ul1,::<:,y be:tr.g esta,blisbed in. Wes~91"n

J:.uatrEolia ,. landed· cos·t South NtcCameX'on complete with

""acuUm pumps il'l estimated at £10,(jOO~

'Other, es·H.1lJ,~l:e8 are f'1?Olll quotation or ;from knowledge of'

similaX' equipment,
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~i.':;'!~:i'E],"~~~F::"O~u9...tio1'}of' O?_~~,ating Cos"ts

.~~:;~cl ~!!Ll..~_Q90 _~r~~ahad C1aX per Annum o

.'..10

t'li:-'i~..!1e by' -3xcava'tc,r
a ...-..:.1. tr:~=rr>.9p{)j."i; to f5 ·t;nckp:i.le

Degrit-;;ing

Drying

Pape'r Bags & Handling

Tra~Bport to Railway

RaJl );':t....'1:j.g'll·t; e...,. Hsrr:i.ck to
SOt·~th Durnie

~)~!c:rhea.da and Ar.lm:!.:nist1."'e.ti.on.

Pte';\:' ";Gu~. dal=1.vererl in r-·[-1:f.erhags
a~ SCtrth Durnio Ra:ilw.~~y Et;;.tion

1, O. 0

6 0 5. 0

100 0

150 0

£.l4,10 0 o·
f

(
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Norms ON PRODUC'rION COSTS 0

1 0 M1.!rin!L.~~ are based on figures provided

by Munic:!.pal Al.1thori1;ies in North Eastern

Tas!".!! <••l:d.e. ~'" the usage of ~Tanitic gravels is

g~s.1.a£"al :b.l. i;he are[~ :for Yuaintenance .and

Overburden in the

clay areas to be operated. is negligib~eo

2;", !reat;:ae~l·t C()t-J~.! = xex'ereno0 is made -to

~JoE.Cropp's attaohed rGport - paga 11 0

Total coste of treatment, :l.ncJ.udlng amQrtization

is £6.19.0 pGr ton or fL~ished clay, on the basis

of 40 ton~ per day in storage bins.

.. Tr~~$~ort, and F~~~ght Ch~~ = at £4~1000~

is 5% aooye actual praserit f':tguresn

4. Overl!.ead~~!1,'~ at 15/~ peT ton prov:l.des in

aXC3SS ur 10 p~y." c€'nt c~i: et.her to'talJ_ad costs o
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DORAAI KAOLIN D:tVISION

ECONOUIC APPRAISAL

Based on proven reserves in excess of IS years
operations at a production rate of 15,000 tons
of filler grade per annU/II.

Life·' ofProv!n Reserves 15 yeare

•
Value of recoverable Icaolin

22.5.000 tOllS 0 £20,10 000 per ton

Deduct operating coste
225.000 tons " ~4.10.00 per ton

Operating Pro~it (gr-'oss)

Deduct Interest on borrowed funds
(5% on £60,000 repayeble over 10 years)

Operating J>ro:t'it (nett) bef'ore
depreciation ~nd Tax £1."3,500

Less Income Tax-
Profit
Less Capital Expenditure

Taxable income

Add Recoupment of'W'Jrker Capital.- Residual Capita~ Val.ue

474.518

£ 858,982

£60,000
93.850 153.850

£ 705,132

£10,000
20.000 30,000

£ 75.000:lt 7/- !II £ 26.250
£1,120,650 x a/- '" £448,268

Tax

Deduct Rf}pa~eX1'f; of BO~'rowinge
Rel;iemption of' ]~.;tuity Capital

•
If
" ", ",' ,

:.'~-'
~~-- ..._..--.,: .. _,

Return on Invesim0n.! £ 735,132

Annual Return af'ter Tax

Percentage Annual Return
on Eq\lity Capital of' £93.850

..

..

F"

£49,009
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DGaSET ICAOLDf DIVISIQN

~OGRAMME FOR ESTADLISHHENT OF
OPFAU.TIONS

~lay 1963 = Appointment or Plant Superintendent

•

JtUlG 1963 = Research Work ~t Mines Department
LaboratorieB.

P~lil1lj,nary design work,

Continuat1on of research work

Commencement of drafting at Phoenix

Foundry, I~unceBton under direction

of : ....

Messrs. WoHanson & \f. Ii,Cropp

N. Gerke, Chief Engineer

Aber:foyle Holdings Ltd.

and Pl~t Superintendent o

August 1963 =
Completion of design and dre£ti:ll.8

Septel'llber19ti.3 -
O!'de;rs for Pla.ntpreparation of teDders.

October 1963

"1~-","1"~),, I' "''''',",' ""' ~ ..". ";"-~.' ","'.", )"Q-

.hm'2ll.:l:'V' :t96/t
~ "1

II

..

..

Construc't:i,on)
N.)Velilhel1:' 1963 )

)
)

~",'"



TIlL••IIIA~I(;; AND CMe.&~
·A9PUL.PACO BU"II

• 2 .~_c.-.. .... U • •

PI.aAM ..- ee.aaPO.D&1iIC& TO

T'" ......'f• ..,. ,. INOIVIDUM..

_. _. - ;JC'foI>J

..
...... l' CI." ..,.. ,. .

".

. ..-•..•.,.~..
.,.A

.. . . ... . .' . .Vo roCor to tho dl,cuSilon.,._ h.n had wlt.h you f ... t ,:....
. .. U_ .~u\ JOur , ..opo••l \0 lot up tr••bt••t pl...t ea' ,.. ;
._ re....0 I. papoI'Mklnt tro. yo.r cl.~ 1..... I. N.I. Ta I1~·.. . .

Mr. K. W. cr.II' .
5....~. Crook III MI.S..g Co..,..y N. L. ,
.00 CIUS•• S"""\, . . .'
tEyOURIIE, Vlctorl.. ' ..•.

.,. ., '.

....
.•,

. . . .Do.i' Sir,

.' .

..• ••
'0. ,

· Vo have provld.d you vi t.h • lpocl !Ic.tI 011 ('or a .ol~~'

el.., and you han Infonae.4. us Ul.\ you confld.llttr ant.JcS.pa.•
.,N. to ".0"17 el"'..·.f:tAS. ~U~·~~.&..rtld.S•
....'a".e '" tll .tile a.........., 0 er IItI.r· q1Ia. It:

.... _lOb h 1.20/10/- pol' lonlto.. ~ 'ry• . ' '" ...

,

· 011..' Coft.~pt.lon or cl.y ror papor"klng Is of tho o'......f1"'1000 tons pe' annUlI. Il)d . I. r.ll1ng,·.rret '.0110 .10/ 1.1,000 .~ ,.f
tl • _ h.v. t.~ Impor~froM ov.r•••••

. ah h • cOfttl.alag d'IIIM ..Icb .uld afford .ue~ .-••,
te.. ~oar Irod...,I..... "Whon "/01 ha". ,upplI.. of clay .f", .
reqwlred .poclflcat.lon availlbl0 .t tho 'landed prlco of .~l.r
ow...... cl.y" we would b. happy to place a con.lderable pro....,,_ ...
of 001' bu.1 n... vi th you. . '. . .

. ~ . '. ;.

. WI· ~ou if .'1l.. ,lIMn•••r.' .,."or~ " ..... w
.......I.u U1 'ot ha"la.· .opp1l.. ot .ul\abl•.•
• IJa.I. loc.lly, .Dd to •••11\ you du..l.g the .tag. of I~

.....ctl~••hOuld your co.t. of product.lon excead t.h. 1...,.·
"~ ot ~o.pa"'bl. !ngll1h clay, 0 .. prooC of this we, .ro.~...
.. ...... you \&.1I .....nt .y paying up t. £2/1Q/- ", ..•., L .'

~••I f up y S,OOO ton. tor ••St.a.l. c I.~ .••ppU" W
__ u. flat, ye..... o,...a\l_ ot yoo.. plut, ••,...~ ".:'.;

·W ••Il'" y.. to be c.po\UI". vt~ lapo,t.. . .
· . ~ .

Yoa".. f.1 thfuUy,
A$SOCIA1ED PULP AND PAPEIl MILLS LIM11'ED.

. "RAL SUllERnr1l1ilaNT,



R. HARE AND ASSOCIATES

CONFIDENTI AI. REPORT

to

284C23
SCHEDULE B

•

•
1

J

STOREYS CREEK TIN UINING CO. N. L •

ESTIMATE OF RESEHVES OF KAOLINITIC

CLAY IN THE COUTU ',MOUNT' CAMERON

AREA! TAS~.'U\NrA

by

4th July. 1961.



/

sm.mARY

10 The kaolinised and leached granites of the South
Mount Cameron Area of Tasmania are sui table for
mining and treatment to produce a high grade
filler clay used in the paper manufacturing
industry.

2.

3.

The Scotts and Browns Areas have been tested by
boring, and proved reserve of recoverable finished
clay meeting the required specification in the two
deposits is estimated as 190,000 long tons.

Taking into account the untested YZ area and the
widespread occurrence of kaolinised granite,
there is no doubt that further reserves of suitable
clay will be found by boring.



•

•
)

Introduction

The South 1;ount Cameron kaolin cla,y deposits were i.nspected

by the writer, in company with l\Ilr K, Turner, on 23rd June, 196L

Three deposits were looked at, Browns Area, Scotts Area and the

YZ Area. All these d ts lie within a 144 square mne Clay

bxploration Area No,El 2/60, ld by Storeys Creek Tin mining

Co. N.L. However, some of the area examined is covered by

leases. The ownership of these leases has not been checked,

The clay area is approximately 50 miles north east of Laun­

ceston, 79 miles by the Tasman Highway, The deposits s.re acces­

sible and easily mined•

The clay deposits have been disclosed by tin sluicing

operations. The deposits are areas of highly weathered and

leached granite. In this weathering process the felspe.rs have

been completely kaolinised. Leaching has almost completely

removed iron from the surface zone. The result is a soft,

white kaolinitic clay loaded with quartz grains of the original

granite.

Extraction of the clay can be accomplished by making a thick

pulp of the material, screening to remove coarse quartz and tramp

rcots, bark, etc., and runnin.g the fine fraction through a cyclone •

The overflow from the cyclone is bleached if required, then

filtered, dried and bagged as a white cake. Experimental work

carried out in the Department of I\Iines Laboratory in Launceston

leaves little doubt that the clay can be recovered by this general

method in a full-sized plant. The economics of the cla.y recovery

has not been studied, apart from the fact that it is reasonable to

assume that t ton of finished clay can be recovered from a cubic

yard of clay .in place.

It is proposed to sell the finished product to Associated

Pulp and Paper Mills Ltd., at Burnie for use as a fille r cla,y in

paper manufacture. The general specification for the clay pro­

vided by the paper company is as follows :
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Gri t (Quartz)
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(A.S.T.!:,. Directional Reflectance
Method designation B 97-55)

'l1.
Chemical method - lesa than ~

Sizing Plus 200 mesh nil

Ignition loss

Plus 30 microns - less than E!
Quanti ty of ore micron clay

generally ranges from 25 to 40%

Approximately~

Determinations pn clay from the area. carried out by the De­

partment of Mines. show that clay from Scotts, Browns am the Y2:

• area can be treated to prOduce a product meeting the abGve speci-

fications,

Clay Reserves

A. Scott Area,

The deposit in this area has been bored on an irrel~lar 100

foot grid. The holes are to an average depth of around 25 feet,

The proved reserve is estimated as follows:

Reserve ae,y 200,000 solid yE,rda

Reserve of :finished clay at ~ ton/yard 100,000 ton,,;

Bo Browns Area.

••

Area of clay (brightness 77)

Average depth of cle,y

Allow 10% for pat(~es of

rejected clay,

33.000 square ?ards

___.;.7 yards

231,000 solid yal'ds

23,100 solid yl?,rds

This area contains clay in three patches, all of wbich have

been bored on an irregular pattern roughly eqUivalent to a 100

foot grid, The proved reserve is estimated as follows:

Area of clay (brightness 77) 33,000 square yards

Average depth o:f clay 6 yards

198.000 solid yards

Allow 10% for patches of

rejected cla;y, say 20,00Q. solid yer'ds

Reserve sav 180 000 solid yards
Reserve of finished clay at i ton!yaras 90,000 tons



C. YZ Area.

No estimate has been made of the reserve in this a)."ea due to

lack of systematic boring. It is likely that reserves of clay

in this deposit meeting the specification will greatly exceed the

total reserves in Bro\v.ns and Scotts areas.

IIln some of the area of clay, a few f!;let of overburden will

need to be removed. This will present no difficulty.

•
Potential for further reserves,

There is no doubt that further exploration by borir.g will

greatly increase the reserves of c1a;y in this South Mount Cameron

area.

R, Hare
4th July, 1961,
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20th April, 1961.
Launccston.GOClO"OOooooo

ORE.·DRF.SSING nlYl~S:b'IDATION,

R.361 .. R.,364. R.;365,,_R.. ,366 & 11.368.

GlaclL~-. §g'ath Mgunt Qnw©rop,

(1). This·investigation deCtls with the troetment of several
samples or weathered grunite from South Mount Cameron district
in North-East Tasmania from leases held by D. Brown and partnors
fo:r the p:roduction of clr.y suit2.ble for uso in the mnnufnctu:re
of p;,pe:r.

The work consisted of :removel of impu:ritios such as
coarse quartz and fine grit from the clny by agitation after
diGPorsion with sodium silicote,·classification, screening crnd
removal of finest sand by treatmcmt in sml1lldimneter hjrdro­
c~'clones.

\Vhere necessarY,bleaching with sodium hypochlorite
or chlorine hes been testod to increase brightness of the clay.
Degritted c12y pulps hevc been flocculated with Ctluminium
sulphate, and then sUbmitted to filtration to remove surplus
water in preparation of final drying of the refined clay.
Samplcp of.degritted and dispersed clay have been centrifuged
to assoss the effect on economics for SUbsequent flocculation
and drying, and a+so to determine the nature of the clays that
can be progucedby this means. From results of evaluation of
bores and yields of refined clay in exporimental wprk,the yield
of clay would range from 30 to 40 percent, 'and a yield of 33i­
percent for assessment of economics appea:rs to be reasonable.

(2). . Assoeidted Pulp & Peper Mills l,td., Burnie, are users
of .,considerable iu::m.tities of filler elay in paper manufacture,
and t.lspocification has been proVided by them as a guide to
co~¢rclay suitable for their spocificusOs. This specifi­
cation is as follows

-r- ........ .••.. '. .
:,,"4' Brwtn,ess.

(A.S.T.lfi..'Di:t'E)ctionD.l Reflectance Method. deSignation
E97-55) otiginally 80 and later reduccdto 77~

Grit (~tr..t~).

Chemical ~eth()d,lessthitn3percent.

Plus 200mesh"-1<Til. Plus 30 mieroneless thaiJ.2
'poreen,!:.. '

'rhe q:U/iI1tity otone micron Clay' generallY ranges from
·'2pto.49pcrcen,t, o.ng~h~ play' as Il.attlra:l.lyprCldl.lced
C)~er1ljli;lntal'l'Y hasboen stated to· b'El. satisfactoryi'or
one mJ.f!:rpnclaf C(j)lltent. .

)'gTli if; jOlt T.pl?B •
• " 'Of', ," ..'; , '".":

Not specif:l.ct but of theog:oder of ~ i2 percent.
:.~: ,;"" ":.i 'j

':':- ,

SampJ.bs tifi
Ltd~, anti were

-;:"
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The method used for determination of grit by
chemical means is attached to the re~ort.

(3). The treatments given to the bulk sam~les of clay
have resultecl in the productj.cn of ~alor cl.'Y of' a C!.uo.lity
,;"hich complios With 'ehe specif'icection referred to above.
Some sam~les are not bleachable to the desired brightness
with hypochlorite which indicated that selective mining is
necessary to maintain the high standarl of' brightness required
for the industry. Iron stsined cl:;W can be bleachec'. by re­
duction with zinc hyposulp:d.te, but the previous test work
by A.P.P.H. Ltd. ,reports regression of brightness cnd the
process is not favoured.

(4). The follovling flcvmheet shows the treatment process
v~lich has resulteQ in production of high ~\lality filler clays.
Some attention has been givon to additional recovery of clay
from the pr1mary oyclone spigot, and a posSible cpplication
is shown in the flowsheot. Tho bleach ~rocess is shown, but
this would not be consistently necessary to give the desired
brightness. A centrifuge is also included to indicate \
specifically the ~osition for application.

(Sodium Silicate)

<:

S~ifot Product

~
CYCIOne

f:lvcr- er
fl w Classifier

Sands to waste~

Agitators l(water)

Sands to Waste( Rakb ClasaU:! er .

'overfloW
,(Clav with some fine sand)

Oversize to Waste I( yibro.ting Scrnen

U1ersize

Cyclone
. I
ovyflOW

Ce1trifUge
B19.~Ch ~ Flocculation Tank (ChlorineJ (Aluminium Sul~hate

Fi,tcr

Dryer

(5). The results or each treatment process arc briefly
summarisedbelew~

~4~jtatjQn if Dia~rsion~

EiC;h c1ons1.tj.. CG i'or o:::;onCfi1.1C tru~xtmC'Y!.;; (-tnd tu
~revide a scrubbing action to clean the clay from quo.rtz was
satisfactory with dis~erscd Jul~s containing 50 to 60 ~ercent
of solicts. Sodium silicatoat the rate of' 10 Ibs. ~er ton of
crucle material resulted :i.n c.ccc:ptnblo C~iEpCI'sion" No tests
were mnde on 1t as mincctll nc. tc:";\inl to dcterninc the rcquisito
agitation period. However, air-dried material roadily broken
to half' ineh size was offectively slaCked in less than five
minutes.
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Removal of coarse sand to about 60 mesh was
effective in a 6" Akins classifier with a crude clay over­
flow of over 30 percent solids. Tho discarded coarse sand
contained about 2 percont clay, and this represents an overall
loss of about 3 percent of the clay. An eloctric vibrating
screen was effective for removal of root, bark and tramp over­
size etc" a~d plus 72 mesh sand.

Tests have been conducted with 3'1 and 30 m.m.
cyclones at various high Pl1lp densities to remove the finest
quartz etc. to 30 micron size, and to produce a clay with a
maximum content of 2 percent plus 30 micron material.

The clay i.s naturally flOCCUlated, and in this con­
dition the pulp is appreciably more viscous than in the dis­
persed cendi tion, consequently at high densities cyclening ".,
results in a more effective separation in the dispersed con­
dition.

• The desired sizing separation is readily obtainable
. in a 30 m.m. cyclone with feed densities of the order of 32

percent solids at 40 p.s.i. A 3" cyclone at pressures up to
7-5 p.s.i. produced too coarse an overflow at the above high
density, and research indicated that the solids content of the
feed would have to be reduced to about 20 percent before a
primary overflow of 98 percent minus 30 microns was produced.
li'urther work may be desirable to determine the most economic
cyclone set up for this separation.

d •. Centrifuge.

Application of separation by this means has two
features of usefulness.

••
(1). Separation of the coarser clay as a pulp of about 50

percent solids, and an effluent of low solid content
containing the finest clay. Subsequent flocculation
and filtration of the effluent only can result in an
economy as compared with the addition of flocculant
to the total cluy pulp. Details of tests are given
which show that any preference for use of the
cer::trifuge is dependent upon the relative qu!'Jll!;i ties
of clay separated, and the .overall effect of
filtration capacity [md cost.

(2). Use of the effluent as a soparate product for market­
ing as a coating elay.

•

The use of chlorine gas is effective for increaso of
brightness of clays stained with organic matter, and is
appreciably more economic than the solution of sodium h~~ochlorite.

Excess chlorine may be a disability on completien of the bleach
process, and although this can be destroyed with sodium bi­
SUlphite, tests havc shown some reduction of brightness caused
by the use of this reagent. It has been suggested that
application of bleach as a batch process could have the advantage
of mixing bleached clay pUlps with clay pUlps which do not re­
quire bleaching as a means of the destruction of residual chlorine.
Investigations have not included this method of operation.
Application of bleach to the total clay would be made after de­
gritting the dispersed pulp.
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•

f • ..Filtration.

Numerous leaf tests were undertaken to test
variables for efficient and economic filtration. Generally
filter capacity is related to the volume of pulp filtered,
and thus it is of' special significance that all treatment
processes should be performed at highest practical densities
to ensure low cost treatment, particularly for filtration•

.The results of leaf tests were used for selected tests with
a l' x 3' PEinc rotary vacuum filter fitted for string dis­
eharge. ~:l1i8 unit was made il-;a:l.10ble on luan l';:'0Jil the
Chemical Plant & Engineering Co. Ltd., Ashly Streot,
Footscray.

Flocculation was satisfactory with aluminium
SUlphate in amou.~ts ranging from 15 to 45 Ibs. per ton of
refined clay. Filtration rutes were recorded under varying
conditions, and these will vary with the nature of the clay,
percent solids and temperature of the pulp, and other con­
ditions effecting flocculation.

Typical results were as follQws:
.~,_ .Fi.1.t.l2lli;ion...R.ato .

Tem;pe;e(;\:t:ur:e.ClC •.Qake."Thi.ckn.cs.s. Lbs. of C1.ay/-Sq..E.t....;'H.o1.lX..

11

58

9-12/64

9-13/64

inch

11

3-5

6-12

Discharge of filtcr cakes of the above thickness
takes place by flexure as the cake passes over the roller.
Increase in speed produces thinner cakes, end when sufficient­
ly thin, discharge takes place mainly on the alignment comb
and filtration rates are doubled by this means. This method
of cake removal could be of economic. interest, and consider­
ation could be given to this method of operation.

Drying of the clay has not been included in the
investigation with the eXdeption of the effects of heating
to various temperatures. This work shows the necessity
for tcmpero.ture control in the drying process. Overheating
results in reduction ef brightness.

Chemical requiroments for treatment will vary con­
siderably with variations in the nature of the clay. To
indicate the general cost of chemicals used in the test work
typical quantities and costs of chemicals are shown.

CO.at...TQn. .G.o..st
__ .at.__ ._...... .._P.ecl'. _
Stll...MtoGE.m.e!.'on ');Q...Q..Qf-C.l.ay

•

Reagent

Sodium Silicate

Aluminium Sulphate

Tetra Bodim] )
Pyrephosphate)

" ._..,Ra tn....
1.;Q.~.LT.on•..o.L
R..w.u.~.:J..J4I.gy

30

30

5

£30

£40

£140

£0.4

£0.6

£0.32

The above chemicals were used for dispersion and
:floccl .l1ation of' the clay, and red:l.sIlepsion before drying.
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Other chemicals and supplies ef interest have been

costed and are listed below.

Chlorine £122 per ton at Sth. Mt. Cameren.

Sodium Bisulphite £88 " " •
It Hypechlorite 7/6 per gallon at" ,

containing 12 percent chlorine.

Calcium Chloride £42.6 pOl' ton at 8th. Mt. Camer·on.

£26.5 & £18 at

Sodium Thiosulphate £75

Oil Fuel. Light &
heavy.

It "

" •

Coal £6 per ton at " •

Power

•

•
Estimated by Mr. H.K. Turner 1.34

pence K.W.H. from costs at Dorset
Dredge •

Chemicals for bleach using 6.7 lbs. of chlorine
per ton of clay. and sodium bisulphito to destrey excess
chlorine show a cost of 10/- pOl' ton of clay.

Our thanks are recorded fer assistance given to
us in these investigations by the Chief Chemist. Mr. McKercher
and Staff of A.P.P.M. Ltd., Burnie, and Mr. G.J. Robertson,.
Chief Chemist of the Ballarat Clay Co.

A total of 6 crude clay samples were obtained
from the 8th. Mt. Cameron deposit. These were as follows:-

. 1'I'.e.i$:b.:t
, J3~.No. oLl1Wll1.1le LQ.Cftti.onoi' .Sample

R. 361- 2 Tons Near Bore Holo 3. North block.

• '~. 364. 1 Cwt. Bore Hole No. 7, to 16 feet.

R. 365 A. 1 " 'f " 8.

R. 365 B. 1 " " " 8.

R. 366. 1 " " It 16, to 22 foet.

R. 368. 1 1'on Near bore hole ~ and 2, North block.,

Sam:ples R. 361 and R. 368 were obtained as bulk
samples of average quality crudoclay for pilot plant tests,
involving beneficiation by degritting and siZing in
classifiers and cyclones, and dewatering by filtration.

•
Samples R. 364, R,365 and R, 366 were obtained

specifically as sources 0-':' organically stained crude clay
for bleaching tests.

A sizing of R. 361 is more or less typical of the
crude clays tested.
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SiZ.Q, Fraction
B•.SA, Sar.een

+ 44 mesh

... 41+ + 60 mesh

- 60 + 100 mesh

- 100 + 200 mesh

- 200 + 350 mesh

"" 350 + 30 micrOllS

- 30 + 20 microns

- 20 microns

Percent Weight

39

5

3

3

3

5

5

,37

iQQ

In all o~ the crude clays handled only a very
small amount o~ the quartz is coarser than ~ inch size.

The clay contents o~ each o~ the 6 bulk samples
in terms o~ minus 30 micron material were-

R.361 42 percent

R.364 41 It

R.365 A 44 It

R.365 B ,34 "

R.366 48 "
R.368 50 "•

Bouyoucos hydrometer sizings o~

"."by the"minus 30 micron separation" method
• , details) were-

the clays prepared
(see appendix ~or

Siz.e.__.. ,.~._,.__,,_.___ CI,AY .. -.---------
J[l:.'.ac.tion R...3.61 R.364 R....365. i),R .365 B" ,R.366.R..3.6.8.

+ 10 micron 14 14 17 18 7 12

- 10 + 5
~micron 17 21 16 17 12 23

- 5 + 2
~micron 24 24 29 28 25 31

... 2 + 1~
micron 23 21 13 14 16 12

- 1 micron 22 20 25 23 Lj.u 22

Clays obtained by the minus 20 micron ItEvaluation
o~ Weathered Granite" method (see appendix ~or details) had
brightnesses as ~ollows:-
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S r 7.heet _,~o 0 (I 0 0 • 0 0 0

- __.-_. -- --'-"-_.- .. -_ _--_ __.-. _.. _-_ .. ------

~. :-.

Unbleached brightness
Ra364 R.....3.65....i:.. B. 365 B R..3.6ii R.a3.Q.8

71 74 60 69~ 79

Maximum brightness)
attQined with )
excess chlorine ) 77 8~ 84

UisPClili.On. ..o.:L.Lh.e...G.rUO.D.. _C_lay •

SodiQ~ silicate was used throuGhout the laboratory
cnd pilot plant work to (asperse the cruc.e cloy prj.or to de­
gritting. Sodium siliccte gave satis?cctory dispersion,
cnd the dispersed clny WGn 12tcr r0cdily flocculated with
aluminium sulphate and other flocculnnts.

Other dispersants wero not tested.

There is no absolute laboratory method of measuring
the degree of dispersion of a clay pulp. It is thus difficult
to (jet-forminG t.he quantit.y ()f soc1j.um gj li"ote T'p.qnirood to

~,..-~, di8p\.~I.)Ee· Ci'l.i.:·,:(i ~::..:~y ....

LaborEtory bench· scalc tcsts showod that C18;<lS
prepared by either of the standard decantation methods (sec
appendiX for details) produced clays ~eetir~ the tentative
specifications of A.P.P.M. Ltd. when the crude clay was dis­
persed with 9-10 pOcu"ds per ten of sodium silicate. These
tentative specifications arc ~iscussedlater.

ApprOXimately 10 Ibs. of sodium silic2.te per ton
of crude clay was used throughout pilet plant test work,
This usage agrees closely with 11 pounds pOI' ton of crude
clay used by Ballarat Clay Co. Pty. Ltd., Ballarat.

Gredes Of'J300illID Snicat.e.

Several grc.des of sodium silicate are uvuilc.1:Jle
from manuf'Gcturers. We ha.ve no data relating to tho r01ative
economic effectiveness oftheso different grades in dispersing

".'- crud.e clay 9 Rubanit Roo:fing end. Paper Products Pty. I!td.
" have suggested either N84 or A140 grades for C1Ey dispersion.

Silicate & Dolomite Sales (N.S.W) Pty. Ltd. have
suggested N84 grade.

B:::llaratClay Co. pt.;;r. Ltd •., and A.P.P.M. Ltd.
both use N84for dispcrs~ng clay.

Seye:t~.:l_ iSl'r~,i0~ oJ! 8.odi.~ {j i1:'. t;'.~·.t;£r -..-;;c·ro t..b;:;,J. - ;::~r- ..i..:t1t!
test work and were all effective in dispersing the crude clay.

Rubanit Roofing & Paper Products Pty. Ltd. have
quoted N84 Sodium Silicu~e at £18: 5: - pertonF.O.B.
Melbourne, in minimlUll lots of 10 x ~4 gallons. Price in­
cludes non-returnable drums.

Cost at Sth. Mt. C:::meron has been estimated ~t

£30,per ton.
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At 10 lbs. per ten of crude Cl8Y. cost of sodium
silicate will be £0.13 per ton of crude clay.

Assuming an average yield ef 33 percont of paper
clay from the crude clay the cest of sodium silicate will
be £0.39 per ten of paper clay.

SllmmarJ?:': ." D.i.ap.CU'sion.

1. Crude clay can be satisfactorily dispersed with
approximately 10 lb./ton of sodium silicate.

2. Soveral grades of sodium silicate are available;
but N84 grade seems to be favoured for clay dis­
persion generally.

3. Cost of sodium silicate for dispersion is estimated
at £0.39 per ton of paper clay.

Agitation....f:or .. Dj speraiDn.,.Qf., C.rndQ...c~[ly.

Dispersion of the crude clay with sodium silicate
at high pulp densities requires some agitation. It is difficult
to translate laboratory and pilot plant scale agitation on
air-dried clays to commercial practice using large lumps of
wet clay.

i,

Test work involved comparatively dry clr.y with
maximum sizes of about ± inch for laboratory work,and air­
driod clays up to about 1 inch size for pilot plant work.
Under these conditions,oxperience has shown that agitation
of a few minutes only is required. We have no data relating
te agitation required to disperse large lumps of wet clay;
say 1-2 feet diameter.

The pilet plant agitators used were No. 1 Denver
conditioner-super agitators. Dispersed mobile pulps up to
70 percent solids could be obtained, but it was impractible
to operate at this high pulp density. Good operation was
experienced at pulp densities of 50-60 percent solids, and
pilot plant dispersion ViaS carrieo. out in this range.

, .',. Agitation times of approximately 5 minutes were
adequate to wash the quartz clean and to disperse the clay.
It is possible that, in practice, no particularly prolonged
agitation of the crude clay pulp will be required, and that
normal plc-nt handling will be sufficient.

There is some evidence that excessive ngitation
degrades the clay SUbsequently removed, possibly by breaking
up the quartz. In one test (detailod later) the following
results wore obtained from duplioate samples.

T..im.e o:fag,itation Yield_.oP...,de cant.l'lt.1Qn Br.i..atd;IlC S S DLCl.ay

1 minute 41.5 73.0

1 " l.j.1 ,5 72.8

• 30 minutes 44.9 71.8

'30 11 44.2 72.2

This table indicates that the increased agitation
increased the yield by about 3 percent, and degraded the
brightness of the clay by almost one unit.
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J3ummary.:.. .(\.gitation.

1. Tho air-driod clays were readily dispersed witti
little agitation in pilot plant work.

2. Excessive agitation appears to increase the yield
of clay, but the clay is degraded in quality.

ROJlJQY./U .Q;C0.JJAr.:J;z Jl:rJ',YeL& .Bv.nd ..f=m Disperaod_Grude. .GJ.ay.

The minus 1 ineh air-dried crude clay was fed te a
No. 1 Denver conditioner-super agitator by means of a vibrating
feeder. RegUlated quantities of make-up water and sodium
silicate were added continuously.

Addition of sodium silicate. 10 pounds per ton of crude clay.

• Retention time in agitatoro

• Pulp density in agitator.

5 minutes(averag~.

50-60 percont solids.

The dispersed pulp was fed to a 6 inch Akins spiral
classifier to remove gravel and coarse sand. Entrained clay
was washed out of the classifier sands by spray water.

Classifier overflow was pumped to a Hu~~er electric
vibrating ,screen, fitted with a 72 mosh stainless steel cloth.
The screen scalped out the small quantity of wood and fibrous
vegetable matorial present in the crude clay, plus a small
quantity of tramp oversize in the classifier overflow. Screen
oversize returnod to the classifier. The screen undersize
gravitated to a second Denver agitator for storage prior to
cycloning.

Notes .QIl. pn ot.Plant!lper.ationo

1. Donsities .of'..Eulps.

, (. For later filtration the density of the pulp should
~. be maintained as high as possible. Cyclone tests(detailed

later) indicate that clay of acceptable quality can be obtain­
ed by treating pulps in a 30 m.m, cyclone at 34-35 percent
solids to give cyclone overflow pulp densities of about 30
percent solids. With more dense pulps the clay in cyclone
overflow fails to meet the specifications for grit and sizing
This factor then limits the density of the screen undersize
to 34-35 percent solids.

The scalping screen removes very little solids, and
the density of the feed to the .screen, i.e. classifier overflow
is thus limited to about 35-36 percent solids.

The primary agitation and disporsion can be carried
out at densities up to 60 percent solids. Removal of the
classifier sands from a feed of this density leaves a pulp

• of up to about L~O percent solids. The density of this pulp
as classifier overflow is reduced to the requirod 35-36 percent
solids by the application of spray wator to the classifier
sands to give maximum recovery of entrained clay. A small
quantity of spray wator is also applied to the sG~lp1ng sCf9cn.
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Dispersion at high densities allows maximum use of
spray water to recover clay from the classifier sands. Tests
showed lcss than 2 percent of minus 30 micron material in tho
classifior sands. This loss of clay in the classifier sands
amounts to about 2 or 3 porcent of thc recovorable clay in
the original crude clay.

The crude clay contains Q small qualtity of wood
and fibrous vegetable matter. This, together with a small
amount of tramp ovorsize,was scaved out by a 72 mesh screen.
Without this scalping screen ahead of the cyelone, consider­
able difficulty was encountered With blockages of the very
small underflow orifice of the 30 m.m; cyclone.

As the clay in the pulp is dispersed when fcd to
the scalping screen, ~hO fino clay and water readily pass
through tho screen. he quantity of tramp oversize is small
(apart from the particles of vegetable mattor), but would
quickly block the undorflow orifice if not removed prior to
cycloning.

~.S.t.or~ in BD.c.oncl.--Demmxl.--Agi.tator ••

Production rate of the cyclone feed pUlp was less
than the capacity of the cyclone-pump combination. Use was
made of this agitator to store the pulp and to ensure a uniform
feed to the cyclone.

Sllllllllary.: .. J'ilot. Plant Operation.

i. . A di~porsod clay pUlp (suitable as food to a 30 m.m.
cyclone for final degritting) was prepared in the pilot plant
involVing

a. agitation and dispersion With sodium silicate in a
No. 1 Denver conditioner-super agitator,

b. removal of coarse gravel and sands in an Akins 6
inch spirol classifier,

c. removal of vegetable trash and some tramp.oversize
by a 72 mesh Hummor screen.

2. Initial agitation and dispersion of tho crude clay
should be at high densities, to allow maximum use of wash
water to remove entrained clay in the classifier sands. ,

3. Loss of cloy in the classifier sands amounts tQ about
2 to 3 percent of the recoverable clay in the crude feod.

4. A scalping screen ahead of the 30 m.m. cyclone is
essential to minimize blockages of the cyclone orifice.

Pr.o.d1Jc.tion ....ot'PaporCll;ly ina 3D.. lD-.lll. Cyclone.

The. 3D . ill. ill. .Cy.clone&Pump.

Production of paper clay was obtained by treating
the classifier overflow in a 30 m.m. hydrocyclono. supplied
by LiqUid-Solids Separations, London.



-,..

•

DJ'PARTMEJ''T OF MUlES LABORf.TORY

Sheet No.~.~1:o.o
Tho cyclono isrubbor lined, and has a eixod

vortox ~indor i inch outsido diameter and *inch inside
diametor. The diameter o~ the ori~ice can be varied by
removing or adding rubber spacers containing gradod ori~ices.

Consideration o~ the problem o~ sizing the clay
in [', 30 m.m. cyclone indicr.tcd an operating pressure o~ not
less than LJ.O P.s.i., and as the desired results were obtained
at this pressure ~rem pulps o~ up to 35 percont solids, tests
woro not conductod at lower prossuro~

Tho cyclone was ~od by a !"/1" Kolly & Lewis wator
pump 0 Tho pump-cyclono unit handled approximately 3 gallons
pOl' minute o~ ~ood at a prossure o~ 40 pos.i.

The cyclene was mounted over the conical pump sump.
Flexible lines taking both cyclone ovor~low and underflow
allowed the preducts to be roturnod to tho pump sump, or to
bo removed as dosired •

A tnntative spoci~ication, drawn up by A.P.P.M. ~or

our guidance, incDldcs the ~ollowing speci~icaticns:

"Material coarser than 200 mesh B.S.S. nil, coarser
than 30 microns not more than 2 porcont."

"Grit by the sulphuric acid digestion method,
re~orcnoe lillalyticalChcmistry, Treadwell and Hall,
ninth English edition, volumo 2, page 422, not to
exoood 3 percent."

Tho object o~ treatment in the 30 m.m. cyclone was
to produce a clay containing not more than 2 percent o~ plus
30 micron material. A typical sizing o~ cyclone ~ecd is sho\~

bolow.

;'. -F.rfll:.:t.i.on E'.QrQ.Qnt WQig1lt- - 60 + 100 mesh 5.0
-100 + 200 " 5.2

-200 + 350 l! 5.6

-350 mesh + 30 micron 8.9

30 micren + 20 micron 9.0

- 20 micron 66.3

The clay was produced by cycloning the dispersed
pulp. The ~inest sized ~ractions in tho samples tested are
clay, and are ~ree o~ quart 7, and mica. Tho ql.lurtz from the
weuthCl'"Cl gran~l;.8 is cOITi.Qc.£c:cively coa1'so, and tho bulk or
this quartz is removed by classi~ication. Almost all o~ the
plus 30 micron matorial in the ~eed to the cyclone is re­
moved in tho cyclone under~low.

With the clays tested, R.361 and R.368, ahd operation
o~ tho cyclone to give a product to meet the specification
o~ not more than 2 percept coarser than 30 microns, the clays
roadily meet the specification relating to grit.
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Other clays in the deposit could contain more very

fine quartz, and separated clays from such may not meet the
grit specification, although passing the sizing specification.

Evaluation of the cyclone overflows with reference
to the 30 micron sizing was by the A.P.P.M. method "Evalu!i\4;;!l.on
of paper clays for 30 micron separatiorr l (see appendix).

More detaiied sizings of some typical produc.t~
were made with a Bouyoucos type soil hydrometer, No. 152 H,
following the A.S.T.M. tentative standard-designation D 422­
54 T for grain size analysis of soils.

3QmoJll~_CJl.c~Qne Dperatj.on.

Ef:t:e..c:.t....of .P:ulp...D.ens i ty•

For best economic filtration, the density of the
pulp should be maintained as high as possible. Little
difficulty was experienced in producing clays to meet the 30
micron sizing specification by cycloning pulps at low densities.
Tesk'work was directed towards obtaining a high yield of
acceptable quality clay in an overflow of relatively high
pUlp density.

The following series of tests show the inter­
relation between grit and sizing of the cyclone overflow With
pulp density on Clay R.361.

Cyclone Cyclone
Feed... . --.pri mSl7_-.Cyc1 one..Ave.r.fJ.OllL.. ~w,
Pulp Yield % Pulp Plus 30 '. lp

Test Density from Density Grit Microns Density
tlo.. %Solids Qrnde....Q1.ay'$...80lidB....% __. % ._%'.B.alidB

7. 32 28.0 27 1.7 1.3 46

6. 34 29.0 30 2.0 1.9 45

5. 37 29.0 34 2.4 3.9 49
, r. 41 4.9 L~~:4. 29.0 37 2.9

This series of tests indicate

1. Yield of clay in the cyclone overflow is reason~

ably constant , and seems independent or pu~p density
of the feed. .

2. The grit content of the overflow increases with
increase in pul~ density, but the highe.s.t pulp
density tcsted \41 percent solids in feed: 37
percent solids in overflow) the grit content of
the overrlow on the samples tested 'still mee"\:s tlle
tentative spccifi9stton. . ,

3. The plUS 30 micron content of the overflow increases
With increase in pUlp denSity. Overflows with pUlp
densities of 31 and 34 percent solids met thc ,
tentative specification. Overflows with pul~
densities of 37 and 41 percent solids did not meet
tM.sppcification.

4. Pulp density of the underflow is reasonably constant,
:and is independent of pulp density of the foed in
the range tested.

, '-,

;" J..;"
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Clays R.361 and R.368 were produced by cycloning

for other test work, such as filtration and centrifuging.
These clays were generally evaluated for grit and for plus
30 micron content. Yield in terms of crude clay was
determined in some cases.

Typi.cel.3Q m. mL Cyclone .1'c.s.tRcsult s •

Cyclone Primary.'cyclona..1brerflow. Cyclone Cyclone
.. ..F.e-,~-'L Yield Pulp Flus .J.!/:tlow J)L!lQ,v

PUlp from Density 30 Pulp %-30
Density Crude % Grit Microns Density Micron

Clay %.So~ids elm S.o.lidS -%... __2',,--.%BoJ.1ds '.w:t.o.ri.'1..l

1 • R.361 26 32 23 2.0 1.0 44 69

2. R.361 25 2lL~ 24 2.1 1.4 47 69

10. R.361 33 - 29 2.2 1.0 44

c 13. R.368 34 39 30 1.0 1.4 45 52

• 1L~. R.368 35 37 31 1 .2 1.5 46 53

These tests indicate that clay produced by cycloning
samples R.361 and R.368 at feed densities of up to 33-35 per-
eont solids will give clay overflows of up to 30 percent
solids which meet the tentative specifications relating to
plUS 30 micron sizing and grit.

Further recovery of clay is possible by retreatment
of the primary cyclone underflow by further cycloning,or by
classification, as shown in the follOWing example.

Thus in test R.361/1 results of primary cycloning
was:-

•

Product

Weight % Pulp
of Density

Cr:ude....Gl"y % So] i a 8 .-....;.

Plus 30
Microns %

Primary O/flow 32 23 1.0

11 U/..1'1..o.Jn' .' _._12.._ ... _-._ .. 44

The primary cyclone underflow was then diluted
With water and again cycloned.

Weight % PUlp
of Density Grit

CI':ude..may.2L8.oJ.ids _ ..%..
Plus 30

Micron.a %

U/flOJIL. 8

Secondary O/flow

II

4 5

lj.6

._ .. _._.", ._...31..Q

This method allows tho clay yield to be increased,
but the clay pulp is more dilute. Normally such dilute pUlp
should not be added to the primary cyclone overflOW, but
could readily be circulated back to tho original dispersing
agitator Without decreasing the plant pulp density, or
alternatively join the feed to the primary cyclone.



28 f C,'--f
L1 '1.i

DEPf.RTMENT OF MINES Ll,BORJ,TORY

Sheet No ••• 1~: ....
Retreatment of cyclone underflow for recovery of

additional clay has also been tested by 91assification by
de~antation. The results obtained by both methods are shown
below, and indicates a high quality product by classification•

Classificetior.

Recyclone

Feed
%_Snl;i.ds

20

15

Weight %
of_. Gr.uo.u.GluY

2.6

2.5

. OverfloW
% %

+ 3.0.Jtioxons Gr~t

6.7 1.6

2.8

A series of tests was carried out on clay R.361
in the naturally flocculated state. The object of these
tests was to examine indicated cests of degritting and sub­
sequent flocculation with clay dispersed with sodium silicate.

Tho cyclone feed pulp was obtained by agitating
the crude clay with water only, and screening on a 72 mesh
screen.

Cyclene
_.Fee.d. eye] apn Oyert] ow._.__

Pulp Yield Pulp Plus
Test Donsity from Density, 30 Grit
JiQ..._. %J1Qlid,9 C.I'Ude.....CJ.ay-% %.6.Qlids. MicrQna% ._.$>...

11 a, 31 27 27 5.7 3.2

11 b. 23 24 20 4.2 2.3

11 c. 18 21 12 1 .0 1.5

11 d. 12 21 10 1.0 1.3

The results shew that acceptable quality cl~ can
be obtained enly at cemparatively low pUlp densities, and
that overall clay yield is much less than that obtained from
dispersed pUlps.

As a result of the unfavourable comparison
flocculation and filtration tests were not proceeded With.

T.entati\Le ./l••E.P .M•. .3pcc i t·; catiQ~_.-200.jbsh.

The specification requires "material coarser than
200 mesh nil". Unless a 200 mesh screen is incorporated
in the cireuit, it is unlikely that this specification will
be met. The proportion of plUS 200 mesh material in various
products is listed below

Cyclone Overflow R.361,Test 4

P.=dl.1ct

" , FEinc Filter Feed
"
"

"

"

if II, iO

~QIlJi!eSh%

0.23

0.20

0.12

Test 13, R.368

Ballarat Clay, ex A.P.P.M.

English Clay, ox A.P.P.M.

Trace

0.10

0.05
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Cyclone overflows from clay R.361 were sized by
tho Bouyoucos hydrometer method ~ith the following rosults.

%Weight %Weight
.8ize.l'r.o.O.11C t Ssm;plo !lAH Sam;plc.. 11 B"

+ 30 Microns 3.5 2.0

30 + 20 Microns 2 0 0 1.5

20 + 10 " 8.0 8.5

- 10 + 5 " 19.5 18.0

- 5 + 1 Micron 1+2.0 44.0

1 Micron 25.0 26.0

Sample "A" was produced in a pulp of' 33 percent solids.

" "B" " " 21 " " •

A samplo
sedimentation. and
determined. .

of' R.361 cyclone overflow was sized by
the grit content of each fraction was

S.ize.b~tion .%.Jtei.ght

- 30 + 18 Microns 6.2

18 + 8 "

%.Distribut.ion
Q.1:..Gclt

37

28

~ ..§...~tL g~9J1€L _Ii1.L.o_..__ ._..o..d••......._ ..35..

....QQmlmsite.Dluy_ 1.00 0_._ ....2...Q....._._... iOO __

The sizing shows clearly tho predominance of grit
in the coa~sor sizes"

prep.ar.atian ..oi'~.ar_.illRY..i11...-'L3.. -; u ch .-C;\tClone •

A series of tests was carried out on clay R.361
to determine the possibility of using a 3 inch cyclone in
place of the 30 m.m. cyclone previously used in paper clay.
r-ror1.,,:_~-:,+1.·o··r-\ ~·)l·;-)'·' ;"('~"Ii _":'"': . "1j.:~:fl·~·'''-' ·....·d' ~:. ".~ ':TC·'t'"·y- '':']'·1'·11 :"''''1.~·f·· ~ "~0.J:: ...... L\....... ,-, ,.1,l!' .).. _", .,.I'V tJ.4. ... ".u." "'u ~..I.. •• ",.~..... ~~ .;J.. ,,-" .' .... '-" '-'.\0 ....,.; 9

and unless considerable caro is takcn in preparation of the
cyclone fced, this orifico is casily blocked. A 3 inch
cyclone has a much largor orifice, and honce is much more
attractive from the aspect of' orifice blockage.

The cyclone used was a 3 inch rubber lined unit
made by Warman EqUipment (W.A.) Pty. Ltd. The cyclone was
fed by a Warman split case PumD, driven by a variable speed
motor. Portion of the pun~ discharge could be by passed
back to the pump sump.

The ~ulp was preparod by the normal pilot plant
procedure.

Variables tested in the series inclUded cyclone
inlet pressure, density of feed ~ulp, and underflow orifice
diameter.

".,"
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In general, at similar pulp densities, the 3 inch

cyclonc gave more plUS 30 micron material in the over~low

than the 30 m.m. cyclone under similar conditions. Progress­
ive dilution o~ the ~eed decreased the quantity o~ plus 30
micron material in the over~low. An over~low product meet­
ing A.P.P.1A.'s tentative speci~ication o~ not more than 2
percent plus 30 m.:,~rons was obtained with a ~eed o~ 21 per­
cent solids and an inlet pressure o~ 75 p.s.i. giving a
cyclone over~low density o~ 19 percont solids. Other
variables tested had little e~~ect upon results. Volume o~

cyclone ~ced ranged ~rom 9 to 12 g.p.m.
T..Qs.:LRcs.ul.:t.s.. ,3'.' CyclonG,

C¥~lonc Eo.cd .. _ . Cy.cloneQ"Qctlo1J'i___.._ '"
Pressure Pulp Density Pulp Density %+ %

Test .:p....a..;L... ..% Solids. ...1iLll.o.J.ids.. .. 3Q.Mic.rQns. Gti:t.

A. 40 33 32 6.3

Do 60 33 30 5.1
~

eo F. 70 30 27 4.2

G. 75 28 24 2.9 -
H. 75 21 19 1.9 2.0

•

r .r."\

The trehd towards bettor quaiity clay with dilution
6~ ~eed pulp is clearly indicated in the above table o~ test
rosults.

BJ eMhingW:it.b.....Sod iilrn ktypot:111orite.

Clays ~rom the Gladstone area are u~uallY eolourod
to some extent Wi.th or~anie matter. It is possible to improve
the colour (brightness) o~ many o~ these clays by bleaching
with chlorine. Initial bleaching tests were carried out using
sodium hypochlorite, supplied ~rom Launceston man~actured

stock by Imperial Chomical Industries of Australia and New
Zealand Limited. The sodium hypochlorito solution,as supplied,
contains 12~5...12·.8 grams o~ avnilaple chlorine per 100 ml.
o~ solution.

Some qbvious factors influencing bleaching are

1. quantity of available chlorine used,

2. time o~ contacts with the chlorine,

3. temperature,

4. removal o~ bleach liquors and washing the clay ~ree

~rom liquors.

Work was not carried out to determine the e~~ect

o~ temperature on bleaching. It was considered that bleaching
would probably be carried out in unhoated pulps.

Work was not carried out to determine the e~~ect

o~ washing the clay free o~ olcach liquor a~ter bleaching.
It Vlould bo unpracticable to do this and still retain the
comparatively high pulp densit~os desired during filtration.
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Initial bleach work was attempted on the bulk

sample R.361. The separated clay from R,361 had a brightness
of about 76, and it proved impossible to increase the bright­
ness of this clay by more than one unit. Four additional
bulk samples of clay were then obtained from areas known to
give clays of low brightness to determine the effect of
bleaching-these were samples R.364. R.365A, R.365B and R.366.
Later bulk sample R.368 was also used in bleach test work.

Various clays wore prepared by decantation after
normal dispersion with sodium silicate. The prepared clay
pulp was then diVided into a number of simtlar samples in
scaled plastic bottles. Varying quantities of sodium
hypochlorite were added to the plastic bottles which were ,
agitated at Irregular intervals, Portion of the pulp in
eaeh bottle was rcmoV'ed at predetermined intervals, flocculated
with aluminium SUlphate, filtered, dried, and the brightness
of the clay determined.

..~•

. (it

Quantity of
Chlorine adcled:
--1.2-ofCl./;UI:. ..

Nil

0.09

0.19

0.94

1,89

2.83

3.77

4.72

.Clay R..364•

.... . ._._.. arjgbtpess
4

,.. •

}~tcr 5 hours After 24 hours After 48 hours
. Q9m£lct_ __.!lon:l;act__. contac.;L.._..

70.6 71.8 71,0

75.0 75.8 75,0

77,4 78.0 78,6

81.6 81.8 82.0

82.4 82.6 83.0

83.2 83.0 83,4

83.0 83.2 83.0

83.6 83.0 83.0

C1 aYR365 .B.,.

Quantity of
Chlorine added:
_.__ .%Qf.Qlay

After 5 hours
._ mmtac.t...

Br:j gb;tne.aJ;;1S~,-:--_
.Iifter 8 hours After 72 hours
--e:ontac:L.. , cont.act.

Nil 60,0 60.4 60.4
0.17 62.6 63,2 63.6

0.35 67,4 67.2 67.4

0.87 71.8 72.0 73.8

1.74 75.0 74,4 75.4

3.47 76.4 75.8 76.4
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Quantity of
chlorine added:
_2Lof' _.cl~

Nil

0.11

0.22

0.55

1.10

1.64

2.19

• Quantity of'
chlorine added:

..%-of clay

Nil

0.14

0.27

0.68

1.36

2.04

2.71
,""0",,

" r.
Quantity of

chlorine added:
_%.....o.i'. clay..

Nil (triplicate)

0.45 (duplicQte)

0.46

0.93

Gll's_R.365. A.

.Brigh:tneSfL
l.ftor 28 hours
.__ contact

74.2

77.0

78.6

80.2

81.0

81.0

81.2

.CJ ay R • .36.6•

. ....Bri gbt.nemL_
After 26 hours
.__..-e.ontact

73.8

77.2

79.4

82.0

82.8

82.6

Clay E.368.

_ Br j ghtne.a.s
After 18 hours
___..c..ontact_._

78.8. 78.6. 79.2

83.4. 84.0

83.8

84.2

Tho tests on clays R.364 and R.365 B above indicate
thQt there is little. if an,Y •. gain in brightness due to contact
times in excess of 5 hours. Differences obtained in these
series appear to be due to random experimental error. Minimum
contact times for bleaching were not determined.

The above tests show that the brightness increases
with chlorine additions up to about 2 percent chlorine. but
the maximum gain in brightness is obtained from the initial
0.1 to 0.5 percent chlorine addition.
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CORRELATION BETWEEN QUANTITY

OFCt-iLORINE AND BRIGHTNESS
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CHLORINE ADDITION - PERCENT OF CLAY.
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From the attached graph an approximation can be

obtained of tho gain in brightness due tosuccessive additions
of 0.1 por~t chlorine.

l.dc.ition of 0.1 % __._G.Ginin .Brightnci'ls.l.J..ni:ts._
chI.orino in range R~36L~ R~365 .A R&365 B R...366

Nil t.o 0.1 3.9 2.8 2• .3 3.0

0.1 to 0.2 3.0 1.6 2.2 3.0

0.2 to 0.3 1.2 0.8 1.6 2.1

0.3 to 0.4 0.7 0.3 1.4 0.5

O.L~ to 0.5 0.5 o.L~ 0.9 0.6

0.5 to 0.6 o.L~ 0.2 0.9 o.L~

,
0.6 to 0.7 0.4 0.2 0.7 0.4,

• 0.7 to 0.8 0.3 0.2 0.7 0.5

0.8 ttl 0.9 0.2 0.1 0.7 0.6

0.9 to 1.0· 0.2 0.1 0.5 0.4

The above table clearly shows how the initial
addition of 0.1 percent chlorine giveA.8 substantial increase
in brightness of the clays. Subsequent ad.clition'" give f'urther
incroases, but the gain per unit chlorine addition rapidly
docreases. In commercial practice, it is probable that
maximum economic gain in brightness would be obtained with
an addition of 0.2 or 0.3 percent chlorine, taking int6
account the fact that some of the clays do not require bleach­
ing to meet the brightness standard.

Bleaching tests, quoted above, on samples R.364­
R.j66 may give the impression that the brightness of all clays
from the area are bleachable with chlorine. This is not so.
Some clays of low colour are stained with iron minerals or
chlorite, and are Virtually unbleachable with chlorine. The
following series of clays were prepared by decantation. Half
of the separated clay was bleached with 1.0 percent chlorine
(as hypochlorite) With 18 hours contact.
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Sample Brightness of' Brightness of' Increase in brightness
No.... .original clay J;W.e.a.cho.a.._duy .-du.etobleaching.

1219. 711- 78~ 72

1220. 71 79 8

1221. 80 80t 1
'2

1222, 70t 83 12t

1223. 71t 7~2 8

1224. 74 8~ 61-
"

'1225. 73 79 6

1226. 71t 72 1
'2

1227. 61 70 9

1228• 61t 66 4t

1229. 71 79 8

1230. 71 77 6

1231. 69t 76t 7

1233. 76 80t 4t

1234. 75 79t 4t

1235. 74t 77 2t

In this scries the increasc in brightness due to
bleaching varied f'rom a t unit to 12t units, with 12 of' the
16 clays showing increases of' between 4t and 9 units. The
two samples showing a gain of' only t unit can be regarded
as unbleachable. Although it must be remembered that one
of these samples had a high initial brightness, and it is
perhaps unreasonable to expeet any increase.

Cost of' sodium hypochlorite has been quoted by
I.C.I.A.N.Z as 6/6 per gallon F,O.R. Launeeston. Freight
and handling to South Mount Cameron, plus return to Launceston
of' the empty container, sUbstantially increases the cost of'
hypochlorite at South Mount Cameron.

The cost of' bleaching (using hypochlorite) at
South Mount Cameron has been estimated (for chemicals only)
per ton of clay, as

£1.3 using 0,2 percent available chlorine,

£3.3
"
"

"

"
"
"

"
II

,

•
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Cos,t. Qf. BloQching using_l'lOJ.lth-J:lQ)mt
CamQ:rQ,p. };ja:n:U1'.;;Lctu;t'QCL J:lQdl).)lll Jtl'1?ochlor:i.tc.

i~ estimate can bc mnde of the cost of manuf~cture

of sodium hypochlorite at South MOJmt Camoron. However, the
proposod. inc1ustry is not lilwly to emIJloy more than one or
two technicnl officers, and it may be a burden for a small
industry to manufacture its ovm sodium hypochlorite.

I.CoI.~.N.Z. have quoted as follows:-

Solj.d Caustic Soda: 868 lb. c"rums.
La11.'l.ceston.

£68 IJer ton ex Wharf,

•

Chlorine hDS been priced at £88:15/- pcr ton,
F.O.B., Melbourne, and with freight and handling charges,
including return empties to Melbourne, the cost at South
Mount Cameron amounted te £122 per ton•

Without taking into consideration capital cost
of the hypochlorite plant, or labour and power etc. reqUired,
the cost of bleaching has been estimated for chemicals only
per ton of clay as-

£0.4. using 0.2 porcent available chlorine

£0.6,

£1.0,

"
II

0.3 "
II

11

11

II

II

1. Sodium hypochlorite is an effective
coloured clays from South MOJmt Cameron area.
clays arc not bleached by chlorine.

blectCh for some
Othor coloured

There is no advantage in using bleq.ch contact times
of 5 hours. Minimum contact times were not invest-

2.
in excess
igated.

3. There is gradual increase in the brightness of bleach-
able coloured clays with chlorine additions up to about 2
percent.

4. Maximum gain in brightness per unit of chlorine
occurs with the initial addition. SUbsequent additions give
further increasos in brightness. but tho gain per unit chlorine
addition ral'icUy decreases.

5. Cost of sodium h3'1?Ochlorito has boen estimated per
ton of' clay 8.S-

Launceston Sth. Mt. Cameron
1L';;~. .Qt.chl.or.ine mc.nu:fl:\Qj;m-Gd_mnu:Eac.tJir.eiL.

0.2 %

0.5 %

£1.3

£1.0
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l)9Jl.:t.ro.Y.uU,UJlxcess ~ocbJ oI'its:L...C'..f.tQr

B.l.Q.c.ch.1Im•

Presence of' excess avc.ilablo chlorine in the pulp
after bleaching could result in sovore corrosion of the
eqUipment used in later dowc.toring and drying operations.

Sodium bisulphite. or sodium thiosulphate can be
used to destroy oxcess chlorine.

Af'tor addition of' oxeess sodium hypochlorite to a
clay pulp, with irrogulc.r aGitation and overnight contact,
tho odor of' chlorino is notod in tho pulp. Wo have no data
concerning tho ability of dif'f'orent clays to consume chlorine.
It is reasonable to aSSlUTIe that this c.bility will vary widoly,
and it may dorend upon tho orgc.nic contont of tho clay.

Rmuo.uaLQhlQ:e:i,n.a..B.eJ..ato.d to ...InitiaLChl_oriP.c.<
J...ooit ion.

A series of filtration tests carried out on clay
R.361 to determine the effect of sodium hypochlorito as a
flooculant proved abortive. The filtrates gave some interest­
ing data relating to chlorine consumption af'ter overnight
contact.

,txa..1labj.<L QllJ.9rine 1n.Jtl.J..trate ... pH Value
as %of clay as %of' of'

in orie;inal..Il-\\ll' ini tial add.i:t..iQn t:iJ.:tJ:a:t.e

8.0

8.2

7.9

8.0

6.8Nil

0.01 14

0.07 50

0.18 64

0.29 67

0.40 70

0.61 72

0.95 83

0.43

0.57

Quantity of
chlorine added:
..J of; clay_.

Nil

0.07

0.14

It will be noted that the quantity of residual
chlorine in the filtrate increases rapidly with increased
lnitial hypochlorHe addition.

Some data are also available f~om pilot plant
filtration wor~ on bleached pulp~. Full details of this wor~

is given later. Tho following extract relates to the residual
chlorine content of the filtrate.

1. Filtration test on clay R.368,first run. Chlorine
addod to pulp 0.50 percent of' clay. hvailable
chlorine in solution after overnight contact and
f'iltration, 38 percont of initial addition.

2. Filtration test on clay R.368, second run. Chlorine
added to pUlp 0.50 percent of clay. Available
chlorine in solution af'ter overnight contact and
filtration, 38 percent of initial addition.
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Consumption o~ chlorine in these twe pilot plant

tests is much higher than that obtained in laboratory tests.
This di~~erence may be due to usc o~ commercial equipment
in the pilet plant as against glass and plastic equipment
used in the laboratory tests.

QQst._.o;E:....Dostroyi Pi Excnss _Chl.orino..

£76 per
£70 per

I.C.I. A.N.Z. have quoted sodium bisulphite at
ton OJ: whar~, Bell Ba;)', and sedium thiosulIJhate at
ton ox whar~, Bell Bay.

."

. te

On the basis of' these costs, Bod.ium bisulphite will
deotroy oxcess chlorine at about one quarter ef the cost of
an equivalent quantity of sedium thiosulphateo

The cost of destroying each 0.1 percent available
chlorine With sodium bisulphite at Seuth Mount Cameron has
been estimated at £0.13 per ton of elay.

I'!l:r.gin~.Ex.!::!>a.!L.QlJ.l..QJ:1n.e.:V,th 1..1r..Qr _V..ac..\W.m•

JU1 attempt was made to purge the excess chlorine
from a pulp bleached with sodium hypochlorite, by blOWing
air ~hrough the pulp f'or 16 hours. Negligible drop in the
available chlorine content of the pulp was obtained.
Similar tests with pulp maintained under vacuum for some 18
hours showed negligible drop in available chlorine content.

Laboratory work has indicated that some of the
clays at South MQunt Cameron do not re~utre bleaching. It
may be possible to destroy a slight excess of chlorine by
blending bleached pUlps with pUlp not requiring bleaching.
No work was carried out along these lines.

E1't'ect.QXl Br ightne.s.s. ..whcn .d{tG;tx.oy.~.. BX('.o.s.s._chJ.orine.

A sample of R.368 clay was prepared by decantation
end divided into a number ef similar samples. Identical
Quantities of' sodium hypechlorite were added to two pairs
of samples. .\fter irregular agitation. and overnight contact,
one set of' samples was ~loeculated with aluminium sulphate
and filtered. The chlorine centent of the filtrate was then
determined. and the e~uivalent quantity of sodium thiosulphate
to red.uce the excess ehlol'ino was calculated. 1m oxcess of
sodium thiosulphate was then added to destroy the excess
chlorine in the duplicate samples. Tho brightness of' each
f'ilter cake was determined after drying etc.

Quantity
of C1. in

Cl added f'iltrate
as as

1.01' _clay.%.. Q.fclay

Na2S203 Actual Decrease
(Calc.) Na2S203 in

to destroy added ~o Bright-Brightness
excess CL destroy C1. in ness due to

as Cl. as f'iltrate of N02S203
%.J2f.. clay $ .. 01' clay .s.olution .clayiJm;Lia)

Nil Nil 79 9 2

0.46 0.32 83.8

0.46 2.2 2.8 Nil 82.0

0.93 0.67 84.2

0.93 L~.8 5.6 Nil 82.8

1.8
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The decrease in brightness due to the destruction
.or the excess chlorine by thiosulphate is about it units.
It is not known whether this degradation by brightness can
be expected With other clays under similar conditions.

The proportion or residual chlorine in this test
is or the same order as that obtained during earlier laboratory
tests rrom similar initial additions ~f' hypochlorite.

If tho proposed industry oxpects to use chlorine
bleach and later Qostroy ozcess chlorine chemically, more work
on the above lines should be carried out.

1. After bleaching with hypochlorite thore remains some
residual available chlorine in the pulp solution.

2. The quantity and proportion of residual chlorine
in the pUlp solution increases wHlifno;ttOasw in initial
hypochlorite addition.

3. Residual chlorine rrom pilot plant scale tests WIlS··
considerably less than that obtained rrom laboratory tests
using similar initial hypochlorite addition.

4. Nought point one percent or excess chlorine per ton
or clay can be destroyed with sodium bisulphite for £0.13.

5. Chemical destruction or excess chlorine may cause
some degradation in brightness. Further consideration or
this aspect is warranted if the proposed industry expects
to usc chlorine for bleaching.

6. It may be possible te destroy excess chlorine by
blending bleached and unbleachod clays.

• Bleaching with gaseous chlorine, as opposed to
bleaching with sodium hypochlorite, of'f'ors some obvious
advantages in cost of chemicals. It is to be expected that
usc of' gaseous chlorine will be more dif'f'icult technically.

Several series of' tests were carried out to determine
the relative merits or the two methods of bloaching.

Sample s of cla;;'s R•.365 1., R• .365 Band R. 366 were
prepared by dec~mt(?_tion af'tor agitation with sodium silicate.
The prepared clays wore divided into a number of similar
samples in soalod plastic bottles. Various pre-determined
quantities of' sodium hypochlorito solution or chlorine gas
Were then added to each samllle as requirod. The samp1es were
agitated at irregular intervals and allowed to stand overnight.
The samples were then filtered0tc. and the brightness of each
sample determined.

In the tables f'ollowing, the quantity of' chlorine
added refers to tho actual addition. No account was taken of
residual chlorine.
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C.l.ayR.365 1••

0 • .34

0.45

0.56

0.67

• '. 0.78
0.89

•

Chlorine added:
01 ~ 1.._ ..../0 Q.... C ay.

Nil

0.11

0.22

0.32

0.L,3

0.5}-!­

0.65

0.75

0.86

0.98

Nil

0.22

Nil

0.10

0.20

0.30

0.40

0.50

0.60

0.70

0.80

0.90

Brightness ot Clay
Ch1.ortno Gas HY,po>:l:Jl.orito

7!~-?1- 74t

77 78t

79 78

78t 79t

80 78t

80 79

80-;- 7%

81 79

80·~ 80

81

(llayR..365 B.

60 60

62·~ 63

6!,t 64t

68 65~

69 65

71 63~

71-1 67t

72~ 69

73t 69

C.l.ay..R...366.

68 68

73 72

75t 75

76t 78

76t 75

77tr 77

76t 79

77-~ 79

77t 80

78
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On the basis or these tests, it seems that gaseous
chlorine is as errective as cr~orine rrom sodium hypochlorite
in bleaching the South Mount Cameron clays •.

The actual addition or gaseous chlorine to the
clay pulp may present handling and corrosion problems.
I.C.I.A.N.Z. have indicated that they will orror technical
advice on the handling or chlorine gas for bleaching.

Co..s:J;. .s2i'...B190.CrnnK.W.:\.j'..1l....§ill§09J,ULCl+l.Q:r.:i.ne.

As previously stated the total cost of chlorine
at South Mount Cameron is apprOXimately £122 per ton of
chlorine.

Cost of bleaching (chemicals only) per ten ef
c.lay is thus-

£0.24 using 0.2 percent chlorine

£0.37 II 0.3 II II

£0.61 " 0.5 II II

This cost is considerably loss than that derived
using sodium hypochlorite.

fiQc!:ula:t.i.Q.n..b¥_l1o..s.QOllS Ch 1 o.rine •

Addition of gaseous chl~rine will flocculate clay
dispersed with sodium silicate. he degree of flocculation
incresses (Within limits) With increase in chlorine added.
The flocculation is accompanied by a de~ease in pH value.

Similar sanwles of clay R.366 were obtained by
decantation after dispersion With sodium silicate.

Varying ~uantities of chlorine were then bubbled
through the pulp in measuring 'pylinders. A high proportion
of the chlorine passed threu~l the pulp and was not absorbed.

Chlorine added to pulp
. .$...QL.cl.a¥-_ ._.' ...

Nil

0.76

1.40

2.16

4.32

Ill.e.achingJith ..QhlQriM..Gae. S.l1IlI!ll.l;u'y.

1. Chlorine gas is as effective as sodium hypochlorite
ror bleaching stained clays.

2. Chlorine gas readily flocculates cla~ dispersed
With sodium silicate.

3. Cost of bleaching by gaseous chlorine is appreciably
less than bleaching With sodium hypochlorite, considering
chemicals only. The following table shows the comparative
chemical cost of chlorine gas and sodium hypochlorite
manUfactured at Launceston and South Mount Cameron.



Usage o~ chlorine
...._%.....Qf-e.laY- .

284C55
DEPARTMENT OF MINES Ll'JlOR1.TORY

Sheet No.oo.~?:ooP••
Gaseous Launceston 8th. Mt. Cameron

eh1.orine .ma.n.ut:actlll'ed ..manu~1:lct)]red ..

0.3

0.5

£0.24

£0.37

£0.61

£0.40

£0.6

£1.0

,

'.

.EJ..occulation..aru.'LRiltration.

The naturally occuring clay has a pH value of about
4 and is in a flocculated condition, but was dispersed with
sodium silicate to allow best conditions ~or degritting in
dense pulps•. The clay, dispersed with 10 Ib./ton of sodium
silicate,will On standing gradually ~e-~locculate. In
addition, many other chemicals will readily ~locculate the
clay. but insu~~iciently to allow good SUbsequent filtration
rates. These chemicals include SUlphuric acid, sodium
hYPochlorite and chlorine. Of various ~locculants tested
to date. aluminium sulphate has been found the most satis~actory.

The high molecular weight water soluble synthetic
polymers are extremely e~~ective ~locculants. However, as the
filter cake must be readily redispersible, the use o~ these
reagents appears unlikely.

Elltrat i OJl.~s..t!?

Considerable preliminary work on ~iltration was
carried out with Buchner funnel filtration tests. This work
gave much in~ormation which was incorporated in later filter lea~

tests and pilot plant scale filtration tests. In View o~ the
data obtained from pilot plant scale ~iltration tests. it is
proposed to merely summarize filter leaf tests, and to mention
only such Buchner funnel tests as are relevant.

Laborator~~st-Leaf-P.rQced~.

A laboratory test lea~ ~ilter was supplied by
Chemical Plant & Engineering Co. Pty. Ltd., Melbourne. The
laboratory test leaf ~ilter has an effective filter area o~

6" x 4". The filter is fitted With interchangeable cloths,
strings for cake discharge etc. A tabulation, supplied
with the filter. quotes times for filtration and dewate~ing

corresponding to various filter speeds at different drum
submergences. As the pilot plant filter had a drum submerg­
ence of 37t percent, ail laboratory test leaf filtration tests
corresponded to 37~ percent SUbmergence.

When discussing laboratory lea~ filter test results,
the time cycle of the test is summarised as "filter speed,r.p.m.",
and the time cycles employed correspond to this ~ilter speed,
in r.p.m., at 37t percent submergence.

A vacuum of 15-16 inches of mercury was used through­
out filter lea~ tests.

Eliot.. Pl a n:LF..iJ.ter •

The pilot plant was a 3 feet diameter by 1 ~oot

face Width, FEinc string discharge rotary vacuum ~ilter.

The filter was made available by Chemical Plant & Engineering
Co. Pty. Ltd. of Melbourne,

The filter bath has two overflow ports , correspond­
ing to 25 and 37t percent submergence. All tests were carried
out at 37t percent SUbmergence. With the tank supplied, the
submergence could not be increased above 37t percent.
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Filter cloth used for the bulk of the tests was
No. 416 Terylene cloth, obtained through Australian Titan
Products Pty. Ltd., Tasmania. String used was "Emu" Brand
No.5, Bricklayers Macrame.

The filter vres fitted With provision for rollers,
but these were 'not used during plant tests. Vacuum used on
both filtration and dewatering cycles was 15-16 inches of
mercury~ With a little fluctuation due to the cyclic nature
of the valves etc.

Filter speed is variable, and ~s controlled by a
variable pitch Reeves pUlley. Motors of 960 and 1440 r.p.m.
were used, and filter speeds in the range of one revolution
in 20 minutes to one revolution in 2* minutes were ~ossible.

Probably due to the lack of elevation between the
filtrate receivers and the position of the filtrate pump, the
filtrate pump was not effective. No filtrate pump was used

, during ,the tests, as the filtrate receivers proved more than
adequate to store the filtrate during the period of the tests.

~ No problems were encountered during filtration test runs.

Q.wl,n:!;.U.¥,_W'Alum;1n:ilJlll. S,ulphate for Floc.c.ultlliln.

Buchner funnel tests showed that an increase in the
quantity of aluminium sUlphate increased the filtration rate of
the clay within limits. The reqUirements of various clays
varied somewhat, but generally it was found that additions of
between 15 and 45 pounds of aluminium sulphate per ton of clay
gave reasonable filtration rates. Beyond a certain point
additional aluminium sulphate gives no further benefit, and
may result in slightly decreased filtration rates. In general,
a series of Buchner funnel tests was carried out to obtain an
approximation of the optimum addition of aluminium sulphate
before filter leaf tests.

. '.
C&at._Qi' AJllminillm Sl1Jpbat,e for FJoccuJatiDn.

On the basis of Launceston prices, the cost of
aluminium SUlphate at South Mount Cameron has been estimated
at £45 per ton.

The consumption of aluminium sulphate appears to
vary from clay to clay, and we have used between 15 and 45 .
pounds per ton, With a general average of about 25 or 30~pounds

per ton.

Usage
];lmmOs per ton

15

30

45

Cost of Aluminium Sulphate,
_. -....-.~e.J2.-..t.oILof 0 1 BY

FjJ ter Le.af....T.ests.

Filter leaf tests were carried out on the bulk
samples R.361, R.364, R.365 A, R.365 B, R.~66 and R.368. A
number of variables werefnvestigated, including filter speed,
increase in temperature and effect of rolling on moisture
content of the filter cake.
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1.. ..I'rep.arflti on,eu:..Jlluy.J?:ulpe.

The clays were prepared by dec~ntation after *hour
agitation with 14 pounds of sodium silicate per ton of crude
clay. Sodium hypochlorite was added to give the equivalent
of 0.5 percent available chlorine. Aluminium sulphate was
added at a quantity predetermined by Buchner funnel tests.
The quantities used are given below.

All pUlps had a specific gravity of 1.180-1.190,
equivalent to 25-26 percent solids, except clay R.361, which
had a specific gravity of 1.24, equivalent to 31 percent solids.
Temperatures of the pUlps are stated below.

Filter cloth Terylene 416 vms used on all the tests
detailed below.

2.....F.iJ.:trati on.RateB.at....Vnri OJ1S .Eilt.e.r. .sp.e.ed.s.

Clay R.368,

Temperature: atmospheric = 9°C.

Aluminium Sulphate: 45 Ib./ton•

• Filter Speed Filtrotion Rate: Moisture in
r ...p..m... Ib..).llQ.. ft •./br. of dry-c-UlY .Fi ] t.el:: Cake. %

1/16 3.7 41, 7

1/14 4.2 42.0

1/12 4.2 43.0

1/10 4.7 42.3

1/8 5.3 43.1

Clay R.361.

'.
Temperature: atmospheric = 80 to 100C.

Aluminium Sulphate: 25 or 26 lb./ton.

Moisture Content
Filter Speed Ib./sq.ft./hr. of Thickness of
.__ r..Jl.m. ,. __o.f-dry..c.lay Filter C.aJre..'::_ F.ilter Gake inches ..,::'

1/16

1/16

1/16

1/16

1/14

1/12

1/10

1/8

1/8

46.1

48.5

48.0

47.1

48.1

48.2

-
l.j.8.0

13-14/64

14-16/64

13-14/64

13/64

11-12/64

9-10/64

10/64

* Some cakes were rolled for reduction of moisture
tests: other cakes were rolled over half the area.
Figures quoted for moisture content and cake thick­
ness refer to unrolled cakes.
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The f:iltration rate increases signif:icantly with
increase in f:ilter speed. The actual thickness of: f:ilter
cake decreases with increase in f:iltcr speed-this aspect is
discussed later.

.. 3...,.FiUra:tim:L.B.:.l..tefl at EJ o 'ITO ted Tempcrrttures.

Buchner f:iltration tests established that increased
pulp temperature markedly increased f:iltration rates. The
ef:f:ect of temperature upon f:iltration rate when all other con­
ditions remain constant is shown in the series below using
clay R.368 and aluminium sulphate 1].5 lb./ton.

Filtor Spoed
Temp.~r...:P. m.

•

•

9

32

43

52

61

1/8 .

1/8

1/8

1/8

1/8

Filtration Rate
Ib./sg.rt./hr.
_ .D:fdr.ycaJ.r.e..

5.3

7.7

7.5

8.2

9.0

Moisture Content
__.of: ..cQke %.. _._

L~3.1

41.3

40.4

40.8

40.2

Because
and the f:iltration
cake has naturally

the f:ilter speed has remained constant,
rate has increased. the thickness of: f:ilter
increased considerably.

A better camparieon of: f:iltration rates should be
possible when the cake thickness is the same in both cases.
This is readily attained by using increased f:ilter speeds at the
elevated temperatures.

Aluminium Filtration Moisture Filter Cake
Sulphate Filter Rate content of: thickness

Temp. lb./ton of: speed Ib./sg.f:t./hr. f:iltor cake (approx.)
.. CLlY. ~. ___.___day. r~p•.m•..o.t:._dr-Y_cakc__ -.--1"-- __-inches .

R.361. 8 26 1/16 5.3 46.1 13+14/64.r. 40 26 1/10 9.7 L:6.6 16-20/64

57 26 1/8 9.5 46.9 18-19/64

R.364.11 44 1/16 4.0 47.2 12/64.
58 44 1/8 8.0 47.6 13/64

R.365~
A. 11 28 1/16 5.2 46.8 12/64

56 28 1/8 11.6 43.4 13/64

R.365~
B. 9 L~6 1/16 3.9 44.0 10-11/64

62 46 1/8 9.3 44.0 13-14/64

R.366.10 30 1/16 3.1 47.8 8-9/64

59 30 1/8 6.5 47.2 9-10/64

R.368. 9 45 1/16 3.7 41.7

61 45 1/8 9.0 40.2
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The tabulation on the previous page shows clearly
how the filtratien rate is approximately. doubled by heating
the pulp from about 8-100 C to about 600 c.

Buchner funnel tests indicated further advantages
by boiling or almost boiling the pulp. Reliable test leaf
filtration. data on boiling pulps was not obtained due to the
difficulties in maintaining other conditions constant, and
to experimental manipulation difficulties, With boiling viscous

.pulps •

.c.Qj.:'l·.~.la:~J. 0';;':1 .h~.~i\V:; (j -, " "_.~.:..u.isJ:::'..lll.~,, ...\..l.o,u:i.I..\oi.lJ.t . ...Q.L ,. .J...j.lj~~l·

.G.al.';.e .lIDd....FinenlilS.s . of'. Clay.

The moisture content of the filter cakes of the various
clays tested vary in the range 40-48 percent moisture, and is
related to the fineness of the clay. This is illustrated in
the following table,which compares the moisture contents of
the filter cakes obtained from filter leaf tests at atmospheric
temperatures and equivalent 1/16 r.p.m.,with the quantity of
minus 2 micron matorial in the minus 30 micron separated clays.

%Moisture in %Minus 2 Micron Material
JUaY- F; 1 t.er .C.ake.. .--iILm; Ull S 30 M;c'('oD Cl.aY

• R.366. 48 56

R.361. 46 45

R.364. 47 41

R.365 A. 47 38

R.365 B. 44 37

R.368. 42 34

On the very fine clays, such as centrifuge overflows,
containing between 60 and 70 percent minus one micron material,
the moisture content of the filter cake is approximately 60
percent.

EU.QC.t.of' .l'ressllre..Roll1 ug on Mo; stllre. Clontent ..of
F.ilt.or.Gal!:e •

FEinc string discharge filters are eqUipped so that
the filter cake can be pressure rolled to reduce the moisture
content of the cake, if so desired. A series of leaf tests
were carried out on clays R.361 and R.368 to determine the
effect of rolling on tho moisture content of the filter cakes.
In some casGs,half of the cake on the filter leaf was ro~ed, and
half remained unrolled. In other cases the test was duplicated,
and the whole cake rolled or not rolled respectively.
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_Clay R.368.

Temp. Filter Speed
-E.G_ __ -.l'~IJ..ol1l, .

.- .J~ Up i stllre _
In Unr911ed In Rolled
____.Jlc.ko__ _. Calm

Decrease
in moisture
content of

"E'iJter Cake %

Average decrease in moisture content of filter cakes
due to rolling 4.6 percent.

•

•

9

9

9

9

9

32

L~3

52

61

1/16

1/14

1/12

1/10

1/8

1/8

1/8

1/8

1/8

46.6

46.0

46.7

46.5

47.0

46.6

~-5.7

44.9
46.0

41.7

42.0

43.0

42.3

43.1

41.3

40.4

40.8

40.2

Filter Speed
. .:r.p.lll.a.. .

'.
1/16

1/16

1/12

1/10

1/8

Tempcre.ture: 8 to 100 0

____ %..Moisture. _ Decrease in
in unrolled in rolled moisture content

___ .. cakEl..... cf\ko o.t:...1'ili.e.r._c.a1m.%

48.5 45.1 3.4

48.0 46.2 1.8

48.1 45.3 2.8

48.2 46.0 2.2

48.0 45.3 2.7

Average decrease in moisture content of filter cake
due to rolling 2,6 percent.

Lab..or£I tor-y:_Fil.tratiQD_.Tes+.s. _S'unmary.

1. Clay dispersed With sodium silicate can readily be
floeculated by various chemicals. Aluminium sulphate was the
best flocculant tested.

2. Quantity of aluminium sulphate for optimum
fi~tration rates varies with different clays, and usage was
in the limits of 15 to 45 pounds per ton of clay,

Cost of aluminium sulphate is:

Usage:
p.uunO.EL;pm! .ton

15

30

45

Cost,
per ton..of.,_clay

£0.30

£0.60

£0.90
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4. Moisture content of filter cakes varied with
different clays in the range 40 to 48 percent moisture, and
depends upon the fineness of the clay.

5.
filter
rates.

Increased filter speeds, resulting in thinner
cakes, result in significantly increased filtration

•
•

6. Elevated pulp temperatures significantly increase
filtration rates of the clays: an increase of about 50 centi­
grade degrees approximately doubles filtration rates.

7. Pressure rolling of filter cakes reduces the moisture
content of the cake on an average of 4.6 percent for clay
R.368, and 2.6 percent for clay R.361.

Pilot PJont Filtration Tests.

j. Preparati~o~ps.

Pulps for filtration were prepared in the pilot
plant by cycloning in a 30 m.m. cyclone after dispersion With
sodium silicate, as discussed earlier in thO report •

The cyclone overflow was collected in 10 gallon
storege drums. Sodium hypochlorite, eqUivalent to 0.50 per­
cent of available chlorine, was added to the pUlp, and aXtor
Vigorous agitation for a few minutes the pulp was allowed
to stand overnight.

The pulp was flocculated next morning with aluminium
sulphate,which was added just prior to filtration. The
addition of the aluminium sulphate resulted in a very viscous
pulp, which made thorough mixing in of the last of the
flocculant rather doubtful. The pulp was added to the filter
tank as required.

The filter tank is prOVided with an agitator, and
it is assumed that this agitator gave a uniform feed in the
fil ter tank.

Quantities of aluminium sulphate added were pre­
determined by Buchner funnel tests.

Clay R.361.

Pulp density: 31 percent solids: specific gr~vity

of pulp 1.24.

Temperature: atmospheric =90C.

Aluminium Sulphate: 23 pounds per ton.

Duration Filter Filtration Rate
of test: speed lb./sq.ft./hr.
__l)Jinute s ..~.tl1.o.!l!.... of dry cake

Moisture
content

9f cake}l;

Cake
thickness
-inches

30 1/20 3.4· 47.2 14/64

30 1/15 4.2 47.0 12/64

30 1/12 4.5 46.3 10-11/64

20 1/9i 5.0 46.3 9...10/64
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_Clay R. 368~
~:tl!JJJ1

PUlp density: 30 percent solids: specific gravity
of pUlp 1.23.

Temperature: atmospheric =8°c.
Aluminium Sulphate: 45 pourms par ton.

•
,•

Duration Filter Filtration Rate Moisture
of test: speed lb./sq.ft./hr. content
J1);Lnut~_§_ r.p.m,_ of Pry cake, __ of cake %_

30 1/17 4.1 46.8

30 1/15 4.1 46.6

20 1/9t 5.2 46.0

15 1/6i 6.5 46.0

8 1/3~ 8.5 45.9

Quantity of available chlorine added for bleaching
= 0.50 percent of clay.

Quantity of avcilable chlorine in filtrate liquors
after filtration = 0.19 percent of 6lay.

Consumption of chlorine was 62 percent of that added.
This proportion is considerably higher than that obtained
under laboratory tests (see earlier discussion).

Clay W6.8..
·Second..Jl.J.m

Pulp density: 27 percent solids.

Temperature: atmospheric = 90 C.

Aluminium Sulphate: 45 pounds per ton.'. Duration Filter Filtration Rate Moisture
of' test: speed lb./sq.ft./hr. content

Jll1nu.:tSliL r. );I.Jll.., of ~_cake of .cake %
10 1/6i- 5.7 46.6

10 1/32/3 7.0 46.6

10 1/29/10 8.3 46.5

10 1/2~ 9~ 1 45.6

Quantity of available chlorine added for bleaching
= 0.50 percent of clay.

Quantity of available chlorine in filtrate liquors
after filtration = 0.19.percent of clay.

Consumption of chlorine was 62 percent of initial
addition. This consumption is identical with that obtained
from the first run With clay R.368.
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This second run on clay R.368 was carried o~t to
determine the errect or comparatively high rilter speeds on
filtration. Most of the clay was discharged at the alignment
comb, rather than from the discharge roll.

Thickness of Filter Cake.

The FEinc string discharge filter is designed so
that the filter cake is lifted from the drums by the series
of strings provided. As the strings change direction over
the discharge roll, tho cake falls from the strings. As the
strings return to the drum, they pass through the alignment
comb. This comb quickly builds up With pieces of filter cake,
and eventually the returning strings are wiped clean or
adhering lumps of filter cake by the accumulation of clay.

With clay filter cakes thicker than about i inch,
good discharge from the strings occurs at the discharge roll,
but as mentioned above, any clay adhering to the strings is
wipod off at tho comb, and eventually there is a small but
regular discharge of clay at this point •

With cakes less than about i inch, discharge from
the roll decreases and most of tho clay discharges rrom the
alignment comb. >

Carried still. further, with very thin cakes such
as produced with centrifuge effluents (see later) and relative­
ly high filter speods, no cake is discharged at the rolls, and
all is dischargod at tho alignment comb.

Wo can soe little objection to this typo of discharge.
The clay builds up on the ~mb" irrespective of the cake thick­
ness, and the strings arc then pUlled through an accumulation
or clay on the combs. It docs not seem to matter whether
only a small part or whether the majority of the clay is dis­
charged at the comb,as far as wear on the strings or comb is
concerned. This argument applies only to very fine clay,
with Virtually no quartz or other abrasive material. It is
suggested that this method of operation be referred to
manufacturers for their opinion.

Increasing filtor speed significantly increases
the capacity of a filter. For example, the rollowing figures
are taken rrom the two runs with clay R.368.

Filter Speed
r .• pom.

1/17

1/15

1/%

1/6i

1/3~

Filter Capacity
Ib./sq.ft./hr. of dry cake

4.1

It appears from thes~and similar, figures that if
thin filter cakes, i.e. comb diseharge can be accepted, then
a significant increase in riltrate rate can be obtained. From
the above table, it appears that the filtration rate can be
doubled by increasing the filter sp~Cd rour times.
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Now, previously, it was found that increasing the
temperature of the pulp prior to filtration to about 600 0
roughly doubled the filtration rate.

If comb discharge can be combined with filtration
of heated pulp, it appears that filtration rates about four
times greater than those obtained at atmospheric temperatures
may be attained. As previously mentioned all tests with the
pilot plantf'ilter were at atmospheric temperature.

1. Pilot plant f'iltration work conf'irmed previous filter
leaf' test results, regardihg filtration rates, moisture content
of cakes, and increase in filtration rates With increase in
filter speeds, resulting in the formation of thinner filter
ce.keo

2. A marked increase in filtration rates is possible
if thin cakes can be discharged at the alignment comb.
Manufacturers advice regarding this proposal should be sought •

.~,~~_.!9.<2..I.!:~!.c::...9onsidera_tion Regarding Fil ~~I'l.:tJQ~~

Filter l~ea Required.----------_._-...._.•._._--
At atmospheric temperatures, the folloWing filtration

rates were obtained by leaf and pilot plant tests on the various 'Ii
clays.

Average of the six clays is 1+.1 lb./sq.ft./hour.

Assuming-

(1) an annual rate of production of 10,000 tons per
year of 50 weeks,

(2) a five day week, 24 hour operation,

(3) filter working time: 85 percent of possible,

then filter area required = 1100 sq. ft.

On the same basis, but assuming a seven day week,
and working time of 85 percent of possible, the
f'ilter area required is 770 sq. ft.

Heating the filter feed pulp to about 600 0 reduces
these areas to about 560 sq.ft. on a five day basis,
and 390 sq.ft. on a seven day basis.
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Two fuels can be considered-

(a) furnace oil at £17.9 per ton at Seuth Mount Cameron,
calorifie value 18,500 B.Th.U./lb.

(b) Tasmaniiln coal at £6 per ton at South Mount Cameron,
colorific value 10,000 B.Th,U./lb.

Assuming a clay pulp at 30 percent solids, the heat
required to raise the temperature 90 Fahrenheit degrees (i.e, 1400F)
j?,.",J.'>0P~OO·' tonsof pulp is 15,500,000 B.Th.Units. ;

Assuming an overall efficiency of 70 percent then
the guantity of coal required would be one ton. At the cost
of £6 per tonfor coal, the cost per ton of clay would be £0.2 •

On the same basis, the cost of furnace oil to heat
the pUlp would be £0.32 per ton of clay.

On the basis of fuel cost oniy, Tasmanian coal is
eonsiderably cheaper as a source of fuel.

The relative economie advantage of heating pUlps
will depend upon a number of inter-related factors. '

1. The increase in filtration rate, listed above, due
to heating can be summarized:-

•

-r

AtmospheriQ..___ Elevated
Filtration Filter Filtration Filter' Increase in

Temp. Rate Speed Tempo Rate Speed Filtration pulp
Clay_ .__ OC .lb/sgf:tlhr. r,p,m•. 0Q JbLsgAt~.A±r. Y.uWll... -Bate~_ temp. 01

R.361 • 8 5.3 1/16 57 9.5 1/8 79 49

R.364· 11 4.0 1/16 58 8,0 1/8 100 47

R.365A.11 5.2 1/16 56 11.6 1/8 123 L~5

R.365B. 9 3.9 1/16 62 9.3 1/8 138 53

R.366. 10 3.1 1/16 59 6.5 1/8 110 49

R.368. 9 3.7 1/16 61 9.0 1/8 143 52

AVERAGE OF SIX CLleYS 115 ' !±2.....

On the above clays. an increase in temperature of
about 50 centrigrade degrees will roughly double the filtration
rotc.

2. Cost ef fuel to heat the pulp through 50 centrigrade
degrees was shown to be £0.20.

3. The cost of a dru~ filter 8 ft. x 10 ft" With a
filter area of 250 sq. ft., covered against corrosion, has
been estimated at between £8000 and £9000.

4. For present purposes we can assume that the annual
cost of filtration due to capital charges, amortization and
maintenance is 30 percent of the capital cost of the filter.
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5. Filter area requj.red under varying conditions was
previously Qssessed as-

F1~t~r Area Required .
5 Day Weok .1.Ilay .1{eeJi,:

Atmospheric

Heated te 60°C

1100

560

770

390

6. On the basis or £8500 per 250 sq. ft. or filter area,
and ass~~ing pro rata capital cost, then capital cost or filters
will beo

•

7. Thirty percent of capital charges, over 10,000 tons
per year will be-

_E~t.i.mQ tQ\1 Cc.pital..Q.Q.st.•
5 .D.t'lY_.Yiaek -; Do y:....!JYc.ek.

•

•
~~lu Te~e~ature

Atmospheric

Heated to 600C

£37,400

£19,000

£26,200

£13,300

__Estim.flted CostlTon.Qb.'\Y
2J2fl..YWQ.Q1;•._ l:Q£lx.Week

Atmospheric

Heated to 600 0

£1.12

£0.57

£0.79

£0.40

8. Labour to epcrate the filters is assumed to be one
man per shirt, irrespective of the number or rilters involved.
Weekly wage of £15 per week of five eight hour shifts is
assumed. Cost of labour, based on 10,000 tons of clay per
year is-

£0.23 per ton or clay on a five day weeko

£0.32 per ton of clay on a seven day week.

A summary of the various factors follows.

_Opern.t iI],£LQ.oI1d1tiQll!2..
Temperature Operating Fuel Cost per
._9f pUlP.. _ weeJ!:_ ton of clay

Capital
Charges per Total
ton oj: tl!;UL Labo.1JJ.' Cost .

Atmospheric 5 day

II 7 II -
Heated to~

600c 5 It £0.20

Heated to~
600 0 7 II £0.20

Economi~ Conditions. Summary.

£1.12

£0.79

£0.57.

£0.40

£0.23 £1.35

£0.32 £1.11

£0.23 £1.00

These preliminary estimates indicate that there is
an economic advantage in heating the pulp prior to filtration.
They also indicate that operation on a seven day week is more
economic than five day operation.
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Drying.

No experimental work has been carried out to
determine the relative advantages 01.' economics of various
methods of drying the finished clay.

Ef'fec.t__M_..I.nrrea sea Temperatllrea_.. ou...Brigb.tneaa. of :'larious
Clay.s.•

Some methods of drying involve contact of the clay
with gas inlet temperatures of the order of 1000OF. In such
cases there could be a short period of overheating. To
determine the possible effect of excessive heat on various
clays, a series of tests was carried out on natural and
bleached claYs. The clays tested all had a loW initial
brightness due to organic staining. The clays were
maintained at the temperatures stated for half an hour.

(a) Tests on_. Bl e~cheg. C1.9x.12._.
• Brightness after Reat Treatment

Heated Heated Heated Heated Heated Heated

• to to to to to to
Clay 105°C. 122°C. 190°C. 2500 0. 350°0. 450°C.

R.364 83 82t 82 76t 74t 73

R,J65A /Jot 8t·: 1 79 73t 70.:& 68u,,.
R.365B 74t 74t 7H 66t 65 64-1:,

R.366 81.:& 81-1,- 79 77 711,- 691,-

The brightness of the clays is unchanged at
122°0, and has droPBed only slightly at 19000. At
temperatures of 250 C and higher, there is appreciable
degradation in brightness.

(b) Tgsts on Unble~ahed Qlays.

Brightness after Heat Treatment
,~. Heated Heated Heated Heated Heated Heated

to to to to to to
Clay 105°C. 122°C. 190°C. 250°0. 350°C. 450°0.

R.364 71 71 66 62t 68 69

R.365A 74 74~ 71'~ 661,- 65 64t

R.365B 60 59t 56 51 5% 62

R.366 69t 69 65 66 69 69

,

The brightness of these unbleached clays
gradually decreased with increase in temperature to 25000.
At higher temperatures the brightness increased again, and
at 450°0, the brightness of three of the four clays
approximated the initial brightness.
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C-9.El:L 01' Dryi nil.

The moisture content o~ the filter cako varies
somewhat with tho different clays.

Pressure rolling may reduce this moisture by 2 - 4
percent, and redispersion with phosphates (see later) may
~ncreas~ it by a similar amount. These possibilities are
neglected for prosent purposes.

•
Assuming

QIJ;j;)[ .

R: .36:1

R.364

R.365A

R.365B

R.366

R.368

Average 6 clays

Average moisture content
~rom ~jlter ~eAts

46~

),71ff1
"T 2/°

46-(;%

47~

46i%

46~-%

(i)

(ii )

(iii)

(iv)

a weekly production of 200 tons o~ clay

initial temperature o~ ~ilter cake 100 C

use o~ Tasmanian coal o~ 10,000 B.T.U./lb

cost o~ coal at South Mount Cameron £6: -: - per ton

then the quanti ty o~ coal required, and the cost
~er to.n of clay will depend on the overall thermal efficiency
(of ~uel combustion and heat trans~er) as follows

,

Cost of coal
Overall thermal Tons of coal per ton

effjqiency ]lSI' wssk _. of 01 e}f

25 80 £2.4

30 66 £2.0

40 50 £1,5

50 40 £1.2

These calculations assume the final moisture content
of thc finished product to be reduced to zero. In practice,
it is possible that the moisture content o~ the clay would be
reduced to somewhere between 3 and 10 percent, dependent upon
the method of drying. Costs above relate merely to the cost
of the fuel, and does not allow for capital costs, operation
maintenance or depreciation etc.
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The filter cake, flocculated with aluminium sulphate
and containing about 47 percent moisture, can be liquified
and t~e clay redispersed by the addition of small quantities
of" tetr':l st)di"l"!f.1.P7t!'O :phoc}}h.':1t,] ~

No quantitative tests have been carried out to
determine the minimum quantity of pyro phosphate required for
redispersion. Several ~ualitative tests indicated that clay
R.368 was readily liquified by agitation with about 9 lb. of
pyro phosphate per ton of clay.

Un3.cY' 8:i.:L}:J ::~-r '~\.\nc:.t t~;:"~JrJ.0 BI:-~l1.,:l.'['c,.t, ;_~:LB.Y Gi-j~":,~P~~~,l;Y'" ::...;~.~'l <If

LtO.• l'edisllo:r.se f'ilt,er cake w:\.tb 5.10. per "ton of tetrq
sodi= vyro f1'.Osj,il:,atei GnJ. tIlUl'(j ",oeil,s Ii ttl.e reason WIlY this
quantity would not suffice on South Mount Cameron clays.

A.P.P.M. carried out tests on a sample of clay
• R.361 prepared in the pilot plant in the usucl manner. The

sample was divided into two parts •• Part "A" was evaporated to dryness in an air oven
in the dispersed state.

Part "Bit was flocculated with 30 lb. per ton of
aluminium sulphate and then dried.

In a letter dated 22nd August, 1960, A.P.P.M. made
the following CQI'1ment res::> rcEng thene samples,

"The IUnes Department sample A was readily dispersible
with a small quantity of sodium silicate, 17~ N84 grado.
Sample B was also dispersible with silicate but the requirement
was higher around 1~. However, filtration before drying may
reduce the demand. The A.P.P.M. bleached sample was dispersible
With 1~ silicate. As a point of' interest sodium hypochlorite
was added to sample A dispersed with t% silicate ~~ flocculation
did not occur until 3% 'of available chlorine had been added.

The following methods were used to measure the degree
of dispersion:-

(1) Time f'or a given vol~~e to pass through an orif'ice
as a meaSure of' viscosity.

(2) Viscosity as measured with a wire type torsion
viscometer.

(3) Sensitivity of' a hydromete~ placed in the slurry.

(4) Visual appearance.

Viscostities of' the Mines Department samples slurried
with

(a) No dispersant addition,

(b) 1% Calgon,

(c) 1~ N84 grade sodium silicate,
were compared with viscosities of slurries of B.T.M., Ballarat,
English, Rodda and Huber clays.
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Ir viscosity can be taken as a reliable measure of dispersion
then the Gladstone clay can be satisfactorHy dispersed at a
concentration' of 3 lb. solids per gallon with sodium silicate.
Of the clays listed above, Ballarat clay is the only one
which disperses sntisractorily without addition of chemical.
Ihdications arc that calgon is no more effective a dispersent
ror the alum flocculated clay than silicate ,under the cOl1.di tions
dr test.' It may well'bethat at 'high solids concentration
the silica gel may absorb so much water that viscosity is
increased,merely by lacle of' vmter and not by failure to disperse.

Dried lurirpsf:t'om samples A and. B disintegrated or
"slakod" readil~r in solutions or sodiuni silicate and indications
are. ,that our mixing plant cou.ldhandle this material in either
dispersed or flocculated rorm'.

Ballarat clay is dried in a dispersed state, and
this probably accounts for the ease or dispersion of the clay
at A.P.P.M., as mentioned abovo •

'If tho South. Mount Cameron clay is dried in the
dispersed condition, it is assumed. tbnt it will behave, in a
.similar manner, to Ballarat clay.' . .

If the' South Mount Came:r.onclay is dried, in the :"
,flocculated state, .the tests carried out by A~P.P.M,. indicate
that it will be readily disperEliqleto A.P.P .M. req,uirements";:, .

'.

, I.C.LiLN.Z. have tIuote,d Tetra ,sodiumpyro phosphl3.t~F
at £135 per ton Un 56 lb. paper bags) at Launceston.' Cost at
South Mount Cameron has been estimated at £140. Cost of 5 lb.
per ton of clay would be £0.32.

There are a number of different methods by which the
clay fil,ter cake can bedtied. Unless it is necessary to
liquify the cake before drying by such methods as drum

" driers (as at Ballarat) or spray driers, there is no point
.in redispersing the' filter cake with tetra-sodium pyro
phosphate.

Wo have no knowledgE)' ot' the method of drying that
will be. used in the proposed commercial ~lant.

Use of Qe vtrifl1ge fgr ... dewAteripg c]ay.

,
. ~ .

There are two possible applications for ,a centrifuge
in the preparation of the clay

(1) as a method of dewatering a large proportion of the
clay prior to dryir~j leaving a relatively dilute pulp to be
filtered.

(2) asa method of making coating grade clays by stripping
portion of the finest sizes into a second prOduct, to be filtered
and dried separately,

This second application was not investigated by us
and for this reason only a limite~ number of sizings were
determined. '

The Experi men+.aJ Centrifnge.

The Burton 7" centrifuge was hired from Roy Burton
and Co. Pty. Ltd., Melbourne.
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The unit is fitted with an agitated feed tank, gear
pump for feed to the centrifUge, and a by pass valve to
control the feed rate. Centrifuge speed can be varied by
changing drive pulleys. All centrifuging tests were carried
out at speeds of 2450 r.p.m., producing a centrifUgal force
of 600 times gravity.

l..:qH:l"~~.

These tests were carried out at comparatively low
densities and at variable feed rates. The pump installed
in the unit did not allow the centrifuge to be fUlly loaded
under conditions of test. These initial tests are of limited
value as thickening tests as the feed rates were vlell below
the capacity of the centrifuge, and the pulp densities are
considerably less ·"than likely to be used in practice. Tests
were carried out on a sample of R.361, prepared by normal
pilot plant procedure.

Test
ND. _~ct

Feed

4. Discharge
EfUuen:t

•

e

. (e

1

2

3

5

6

Dischnrge
~.fJ.u.ent

Feed

Discharge
Ef.fluo:n.t

Feed

Discharge
Eff~uc.nt

Feed

Discharge
Ern lJent

Feod

Dische:.rge
Efi'J.uent

Feed

Pulp
density
~soUQ.&l

53
_4
.." t:'
jOJ

53
-7

15

52
..:1

20

54
...9

20

54
.1J

26

55
i4

26

Pulp rate
ga;U;.LlJ.r _

1.0
.5....8

2.6
,.6....8

9.4

4.0
:1.3.4

17.4

Pulp rate
Ibs/br

of' soUda

10.4

16.2
to...8

27.0

10.4
.~~::1

13.5

24.8
14•.6

39.4

28.6

%recovery
.ok sOJ 1da

76
.2.4

iCC

60
...40

100

77
2.~

100

63
..:J7

100

72
_2.8

100

61
-}£l

100

These tests show that when the centrifuge is handling
feed rates well below its capacity

(1) ~he pulp density of the centrifuge underflow is
relatively constant at 53 - 55 percent solids, irrespective
of feed rates.

(2) an increase in the feed rate increases the proportion
of solids reporting in the effluent
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(3) an increase in density, while maintaining the same

feed rate in terms of pounds of solids per hour, increases
the proportion of solids reporting in the discharge.

The centrifuge effluent from test No. 6 was sized
and gave the following results.

+6 microns

-6+1 microns

-1 micron

Earcept ,we~~

31.9

67~9

100.0

•

The discharge from test No.6 was sized with a
Bouyoucos hydrometer and gave the following results •

8:1 BA D,r.Qdu.ct. Eercen:Lw.eight

+30 microns 4.0

-30+20 " 1.5

-20+10 " 18.0

-10+ 5 " 23.0

-5+ 1 " 44.5

-1 micron 9.... 0

100.0

These sizings indicate that about 10 percent of the
minus ore micron material reported in the centrifuge effluent
under the conditions of test.

Gaps c j ty..Qf-.Cen:t.r.ii':ugJLaruL. EfteCt .OL.Eflll.d...B.rla.

A series of tests was carried out on clay R.361
prepared by the standard pilot plant method to determine the
capacity of the centrifuge. The pulp density Was 31 percent
solids. To carr,v out thisse~ie8 of tests, the pump s~pplied
with the centrifuge Ul1lt was replaced by a larger gear pump.

One centrifuge test was also carried out on a sample
of clay R.368 prepared by normal pilot plant methods.
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Clay
Test
]1\4... .Produc.t

Pulp
density

%
soli,Wi.

Pulp
rate

Q'fJlaLhr

Pulp
rate

Ib/hr of
..aolida

%
recovery
of.. soJ i rIa

9 Discharge
Effluent
Foed

45
55

100

75
25

100

38
62

100

39
61

100

28
72

100

24
76

100

62.7
21.0
83.7

37.1
45.2
82.3

60.0
98.3

158.3

66.8
104.3
171 .1

82.5
207.8
290.3

82.5
263.2

. 345.7

9.9
81.1
91.0

7.5
14.8
2203

7.3
37.5
4l.j.• 8

8.0
39.9
47.9

9.8
7°.2
80.0

54
20
31

54
22
31

55
22
31

55
25
32

55
27
31

55
13
31

Discharge
Effluent
Feed

7 Discharge
Effluent
Feed

8 Discharge
Effluent
Feed

10 Discharge
Effluent
Feed

11 Discharge
Effluent
Feed

12

R.361

R.361

R.361

•

••

The tests on clay R.361 shew

(1) the pulp donsity of the discharge is constant at
54 - 55 percent solids, confirming initial observations.

(2) the experimental centrifuge has a maximum discharge
rate of about 9.8 - 9.9 gallons per hour under the conditions
of the test. This occurs at feed rates of about 80 gallons
per hour, under the conditions of the test.

(,3) an :ln~;reB,se in t..."le 'ffH3(:. ra.te. j,n,crea,86,tB: the
:pt'ojJ0r'tion vi.' solids reporting in t.he eft'luent.

A comparison between test No.7 with R.361 and test
No. 12 with R.368 is interesting. Under very similar conditions
of feed rate and pUlp density, there is a marked difference
in the proportion of solids reporting in the respective
products. Thus with clay R.361, 55 percent of the feed
reports in the effluent. With cla~T R.368, only 25 percent
of the clay reports in the effluent.

A tentative conclusion from these results was that
clay R.368 contains considerably less very fine material (say
minus 1 or minus 2 micron). This conclusion is supported to
some extent by Bouyoucos hydrometer sizings on samples of clay
prepared from clays R.361 and R.368 by decantation under
similar conditions.
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Percent weight.. .
Size produ¢t .R..}61 R.•.368

+10 microns 14.0 11,5

-10+ 5 microns 17.0 23.5

- 5+ 2 microns 24.0 30.5

2 microns 45.0 :34.5

Thi.ckeni:ng Dispe rs..e.d.. .Pulp .by. Settl i;ID&nt.

The application or a centrifuge to thicken clay
pulps has been detailed. Pulps can also be thickened by
settlement and tests were undertaken to show this application.
The process can also be applied to produce coating clays and
is practised in various commercial plants •

L series of settlement tests were perforr~ed on
dispersed clay R.361 , prepared by normal pilot plant methods.
The tests were carried out in glass measuring cylinders with
a settling column or 15 inches. The pulp density or the reed
was 31 percent solids.

Settlement time Thi.c.kene.cLprod"ct._
T.e,a:t:.,.llQ..• hOll'tS %...aolids %weight

1 H- 54 22

2 4 55 33

3 5 55 38

4 6 56 39
'1";' 5 30 56 61

6 92 57 80

The density of the thickened pulp was 54 - 57 percent
solids, which isver.lf similar to that attained with the
centriruge. Increase in settlement time naturally increases
the pI'OJ;lortion or solids in the thickened product.

~

Similar results can be obtained with the centriruge
by var.lfing the reed rate, and it appears probable that any
thickening made by the centrifuge could be approximated by
settlement over prolonged periods.

Rlltration of. Cent,rti)li'e OyerflQjy".
, ;r

Usc or the centrifuge will decrease the volume of
clay pulp to be filtered, and will greatly decrease the solid
content or the same pulp. This can reduce the cost or
rlocculant and redispersant. However the pUI~ to be riltered
contains the finest rractions ot the clay and this has a
much lower filtration rate from dilute pulps than the normal
clay.
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Filtration of the whole clay was successful on
No. 416 Terylene cloth. No. 416· c16th Was lini:lUi table for
filtration of the. centrifuge overflow at atmospheric
temperatures, as the bulk of the pulp passed through the
filter cloth. Two multi-filament nylon cloths, No.'s 206
and 212., were received from Chemical Plant and Engineering
Co. Pty. Ltd., Melbourne, for filtration of these fines.
Although much more closely woven, these cloths still allow
passage of some fines during filtration at atmospheric
temperatures. At temperatures of 50 - 600 e, little or
no clay passes through the cloths, due doubtless to better
flocculation at these higher temperatures.

~ R.J61,.

Filter leaf tests were carried olit on a sample
of centrifuge overflow from test No.6, outlined previously.
Data from this test were:-

~
Pulp Pulp Pulp rate

Test density rate Ib/hour % recovery

• 1l.Il..L. .Etoduct % solidS _&lJ,s/hr of Solids .of SQlids -

6 Discharge 55 4.0 33.3 61
JJ:f.:fl.uo1l.t 14 1.,3.a.4 2.QL.7 .~

Feed 26 17.4 54.0 100

Data relating to filtration tests on the effluent
were :-

Pulp density 14% solids.
Bleaching with 0.6~~ chlorine as hypochlorite.
Aluminium sulphate 30 lb. per ton.
Temperature 80c.
Filter cloth multi-filament nylon No. 212.
Submergence 37~.
Vacuuin 15 inches merCUry.

Fil tel' Filtration rate Motsture Thickness of
speed lb/sq.ft/hr content of filter cake •
r.AP..ll!,.. ._,., of d IT clay___ f'11 tel' ..c.akE? inches

1/16 2.3 57.7 7/64

1/12 2.6 58.6 6-7/64
i 3.2 .5.9....5 5-6/64.8-.•. _..•

1/6 3.7 62..1' 4-5/64

average 59.6

The filtrate contained a small quantity of very
fine clay.

Filter cakes at the higher filter speeds were
very thin, and although they lifted off the filter cloth
freely, they did no~ fall away f"X'om the strings (see
previous discussion on "Thickn<;ls·s of filter cake").

Various filter leaf tests at at~ospheric temperatures
concerning clays eqUivalent to the centrifuge feed have been
detailed before. They can be briefly summa~ized as follows:-
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Filtration Thickness
Filter rate Moisture of filter Aluminium
speed Ib/sq.ft/hr content of cake, f~2i.~~tef:P,ID q .of qr"';l qJ By filter cake .. inches. _._ -
1/16 5.3 46.1 13-1LI/64 26

1/16 4.9 25

1/16 5.1 48.5 14-16/64 25

1/16 5.2 48.0 13-14/64 25

1/14 M 47.1 13/64 25

1/12 5.4 48.1 11-12/64 25

1/10 5.9 L~8.2 9-10/64 25

tr 7.2 25

1- 7.0 .48.•.0 10/64 25&.'-_.--

average 47.7

Due to the inter relation of filter speed, cake
thickness and filtration rates, it is difficult to directly
compare filtration rates obtained for centrifuge feed and
centrifyge overflow. The practicability or otherwise of
comb discharge of filter cake is also most important.

An approximate comparison can be made from the
available data, if it is assumed that average filtration
rates are as follows:-

Filter
speed
r,p .ID,

1/16

1/12

Lverage
of 3
speeds

.R~..l.t"T'~tjon ;tE\te J b!s(J ,;f~_....Q!.....dr~.....cla¥__
. .,Qentrifpge feed .centrifuge efhluent_

5.1 (average of 4)

5.4

7.1 (average of 2)

This comparison is faulty to the extent that filter
cakes from the centrifuge feed are much thicker ~an those
obtained from the centrifuge effluent. If the thickness
of the cakes from the centrifuge feed was reduced to that
from the centrifuge effluent, then the filtration rates
from the centrifuge feed would average considerably above
the figure of 5.9 lb/sq.ft/hr used in the comparison.

Then using from the above data:-
}~" t

(1) centrifuge overflow contain:Eli39 peri,J~nt of the
solids originally contained :j.n the centrifuge feed.

(2) filtration rate of centrifuge feed is 5.9 Ib/sq.ft/hr
filtration rate of centrifuge overflow is 2.7

Ib/sq.ft/hr.
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then the time to fil tel' the overflow using the same

filter conditions is 85 percent of that required to filter
the whole feed,

If similar cake thicbiess for the filter cake from
filtration of both centrifuge feed and overflow are assumed,
it is probable that the time to filter the whole Of the feed
would be less than that required to filter the centrifuge over­
flow under the conditions of the tests.

There is a considerable saving in consumption of
aluminium sulphate and tetrasodium pyrophosphate. The centrifuge
overflow requires 30 Ib/ton of aluminium sulphate, which is
equivalent to 11.7 lb/ton for the whole of the clay. This
compares with 25 Ib/ton used for centrifuge feed, and represents
a saving of about 54 percent of the aluminium sUlphate.

On a similar basis, because the centrifuge overflow
contains 39 percent of the feed, then consumption of tetra­
sodium pyrophosphate for redispersion will be only 39 percent
of that required for tho whole of the feed •

The saving in cost of chemicals by use of the
centrifuge appears to be.

Aluminium
sulphate

Eil.t.~e.e.d.i:gerton~.

£

Tetra-sodium
hyrophospha te
DBI' 'ton clay..

£

Total
chemicals

Del' :tQU .clay
£

Whole of
pulp 0.52 0.32 0.84

Oentrifuge
overflow 0.24 0.12 0.36

Saving due
to centrifuge 0.28 0.20 0.48

The use of tetrasodium pyrophosate is applicable
only for the drying of a dispersed pulp such as required as
feed to a steam or spray dr,yer, If drying of the flocculated
filter cake is to be considered the costs of'thedispersant
would not apply.

From . the Tiltel' teats quoted above, the averalSe
moisture of a filter cake from the whole of' the pulp is 47.7
percent moisture, and that f'rom the centrifuge overflow is
59.6 percent moisture,

The ave-rage moisture content of the combined centrif'uge
productsprioI' to drying is then

PrQdJ1C t

Centrifuge discharge

C.entrifuge-O~~r.flQW

Feed to drier

Proportion
of solids

in original
PllJp

61

......39

100

,,$ mQisture

45

5,9..,.6

50.7

Use of' a centrifuge therefore increases the moisture
content of' the clay to be dried from 47.7 percent to 50.7
percent,
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The cost of coal to d~the respective products can
be estimated from data previously given •

..... Q.D-at per ton of da¥__ .(.£J-_
OVera] 1 fueJ...e.ffi.G.1ency

25%. ~ 40% ~

Whole of clay; ex
centrifuge

Whole of clay, not
c.en.t;t>1 f1lge.d

Extra cost due to
centrifuge

2.8

z....J

1.8

L.6.

1 .5

1...3

0.2

•
Assume an average of these figures, viz. £0.25 per

ton of clay as the extra cost of drying.

Cost of a centrifuge is perhaps £10,000. Assuming
capital charges, amortization operation and maintenance to
amount to 30 percent p.a. over production of 10,000 tons
of clay per year, then the economics of a centrifuge for
partially dewatering clay R.361 become

Cost of centrifuge

Plus extra cost of drying

Less saving in chemicals

G.Q.s..t-JlfU'._1&IL.Qf....daY

£0.30

£0.25

'£0.48

similar
means.
coating
at more.>.

then extra cost of using centrifuge is £0.07 per
ton of clay.

It would seem that use of a centrifuge on clays
to R.361 is marginally uneconomic as a dewatering
If at the same time, it is desired to produce a
clay, then this can be readily done with the centrifuge
or less nominal cost.

Pilot plant filter tests were carried out on
whole feed and centrifuge overflow pulps of clay R.36~,
produced by normal pilot plant methods.

Centrifuge performance was

Pulp Pullh rate
Test density Pulp rate lb our of '% recovery
No.• ·Pro.duc.t %. solids gala!hr solids at so] j as

12 Discharge 55 7.5 62.7 75

Eftlllen.t 1.3. Hl..o..8 2L.Q .. .25

Feed 31 22.3 83.7 100

Data relating to pilot plant filtration of the
effluent are:-
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Pulp density: 13 percent solids,
Bleaching with 0.5 percent chlorine as hypochlorite,
Lluminium sUlphate: 50 lb per ton,
Temperatures: 100 e.
Filter cloth: multi ~ilament nylon No. 206.
Submergences: 37! percent.
Vacuum: 15 inches mercury,

Filtration
Fil ter rate Moisture
speed lb/sq.~t/hr content of
~.aJ;l..o.!ll.. .ai'• ...d.rJt-..c.J.ay fil tel' cake Remarks

/,J7
1/~! 7 ,~/

3.0 60 of 2 tests.'/:d' average

1/2~ 5.8 - all comb discharge:
very thin cake.

Filter cloth 206 allowed some clay to pass through,
and a total of 13 percent of the clay originally in the feed
was recovered in the filtrate. This is similar to, but more
pronounced, than batch tests using cloth 212. The 212 cloth
was not available in sufficient quantity for use on the
3' x l' filter.

Fj J tel" speea s

•

As before, it is difficult to arrive at a correct
basis of comparison of filtrate rates. An approximate
comparison can be made from the data extracted from earlier
tests, using similar filter speeds.

Pilot plant tests on R.368 whole feed gave
filtration rates of 5.7 and 6.5 lb/sq.ft/hour which were
obtained at filter s~eeds of 1/6! and 1/6! r.p~m. respectively.
Average rate 6.1 lb/sq.ft/hr. On centrifuge overflow of R.368,
a filtration rate of 3.0 lb/sq.ft/hr was obtained 'at a filter.
speed of 1/7~r.p.m•

At higher filter speeds, using comb discharge of
filter cake, respective rates we're

(a) whole feed, rates of 8.3, 8.5 and 9.1 lb/sq.ft/hour
for speeds between1/3~ and 1/2~ r.p.m. Average rate 8.6
lb/sq.ft/hr.

(b) centrifuge overflow 5.8 lb/sq.tt/hr for ~i1tet'
speed of 1/2i r.p.m.

lln average of the two sets of rates gives

,......Fi 1 traM on ..rates lb/sq.ftlbr
WhQ] e feed Cent.riflJ~ overt] Q]II

medium sneeds
'/ 1-··1 6 - '8 r.p.m.

higl:l speeds
1L2~-1/3~ r.;p.m.
Average

As before, with this comparison the filter cakes
from the centrifuge feed are much thicker than those
obtained from the centrifuge effluent. If similar cake
thicknesses were compared, then the rates for filtration
of the feed would be ap;preci,ablY higher than the average
figure of 7.4lb/sq.ft/hr used.'inthe comparison.
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(1) centrifuge effluent contains 25 percent of the
solids contained in the original feed

filtration rate of whole feed is 7.4 lb/sq-ft/hr
filtration rate of overflow is 4.4 lb/sq.ft/hr.

then the time to filter overflow using the same condi tiona
is about 42 percent of that required to filter the whole
feed. (Aluminium sulphate fOr whole feed 45 lb/ton'solids
Aluminium sulphate for centri:f'uge overflow 50 Ib/ton solids
Tetra sodium pyrophosphate 5 lb7ton solids).

As in the case of R.361 ab~ve, it is possible to
estimate the savings in chemicals due ~o the centrifuge for
clay R.368 as

Aluminium Tetra sodium Total
sulphate pyro:phosphate chemicals
£ per ton £ :per ton £ :per ton.. E'i Jt13 r feed qf c]ay or ,:J a~ of ",ay

• whole of pulp 0.90 0.32 1 .22

centrifuge
overflow 0.26 0.08 0.34

saving due to
centrifuge 0.64 0.24 0.88

The average moisture content of the combined
centrifuge products prior to drying is then

Proportion of solids
in original PJlJp %. moi sture

75 45Centrifuge discharge

Centrifuge overflow
(Filter Cake)

Feed to drier 100

6.Q

48.8

Average moisture content of whole of filter cake
is 46.3 percent from the two pilot plant tests on R.368.

The centrifuge thus increases the moisture content
of the feed to the drier from 46.3 to 48.8 percent.

The cost of coal to dry the respective products
can be estimated 8S:-

r

Feed to drier
whole of clay, ex
centrifuge

whole of clay, not
centr1f11l~e.d

_._Cost per ton rre 01 ay £
... .ove ra ll_.f.ue.L-et't:1.ci.e~._.

~.3Q$~~

2.6

2A.Q..

Extra cost due to
centrifuge 0.2 0.2 0.2
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Assume an average of these figures, viz. £0.2 per
ton of clay as the extra cost of drying.

As before, cost of the capital,amortization and
maintenance of the centrifuge per ton of clay can be estimated
at £0.30.

Now filter area required to filter centrifuge over­
flow as shown above, is only 42 percent of ti1at required to
filter the whole of the pulp. The capital charges of filter
plant to treat the whole feed was previously estimated at

-A saving of 58 percent of this cost amounts to an
amount between £0.23 minimum and £0.65 maximum. Assume an
average of £0.44 •

Then the economics of installing a centrifuge

..

•

Atmospheric

Heated to 60 0

.. .Ea.t illlat.e.d...cos.tL.t.QIL.cla.y..o­
,5 day W8\.l;" 7- da¥_ml.e.k

£ 1.12

£ 0.57

become

Cost of centrifuge
plus extra cost of drying

total extra cost

less saving in chemicals
less saving in filter
costs

0.50

0.88

0-44

••
overall saving due to
centrifuge is £0.82 per ton of clay.

In this case the saving due to a centrifuge is
substantial.

On the basis of these preliminary figures on clay
samples R.361 and R.368, it appears that use of a centrifuge
will show a small loss in cases similar to that of R.361
examined, and will Show a sUbstantial gain on clays similar
to the case of R.368 examined. Maximum economic gain would
appear to be attained when the centrifuge is used to produce
the maximum proportion of solids in the discharge.

Apart from the above cons:ldera tions, use of a
centrifuge allows the separate production of a coating grade
clay. If there is any substantial market for coating grade
clays, then installation of a centrifuge becomes attractive.

The preliminary nature of the above discussion
relative to the merits of the application of a centrifuge
should be emphasised.
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The method originally used by A.P.P.M. was br:i.ef'Jy:-

(1) Weigh 250 grams of the previously dried but
uncrusheil. sample into a tall beaker.

(2) Cover with 6 inches of water, containing 10 g. of
sodium silicate.

(3) Allow to stand overnight, if possible.

(4) Agitate violently :Cor one minute with a stirring
rod and let stand for 5 minutes.

(5) Decant the top 3 inches of pulp.

(6) Rebulk to 6 inch mark, stand for 5 minutes, and
again decant •

(7) Repeat until a total of 5 decantations have been
made.

(8) Flocculate pulp with one gram of alum, and let stand.

(9) Decant clear liquor, filter settled solids, and'
dry at low temperature.

(10) Dry and weigh residue.

(11) Evaluate the separated clay for yield, brightness,
ignition loss, grit etc.

Separated cla~Sample
No.

This method of evaluation, with settling times of
5 minutes for the depth of 3 inches has been found to give
a size separation slightly in excess of 20 microns. ' The clay
produced has a maximum particle size comparable with high
quality, commercially prepared paper filler clay.

The method can be modified'in some respects with­
out affecting the evaluation.

(A) It is usually more convenient to use semi-wet as­
received crude clay for evaluation. The yield and quality
of the clay is unaltered.

For example:-

Condition of
crude claY as

testxd

a .•'

,

R.361/4 wet, as
received.

n.361/5 wet, as
received.

R.361/6 Dry,

35.5 78.0
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(B) Quantity of sodium silicate used for dispersion
can be reduced to 1.0 grams without alteration to quality
of clay separated.

surface','" l'. ',',"

" ",:. to'

•

Bore
hole
Jil:4.._,

.3

3

19

19

26

Footage
_-tl..._,

4-8'9"

15-20
'. " .. '

7-1,2,

5-10

.~.. .

grams
sodium

J:l j ] i .ca.te

1

10

1
10

l' "

,,' ,10.'"

1

'1d

Ignition
Yield Brightness loss of

"..o!.~.ay ,.....at' GJ"ay oJ ay

44.1 84.8 13.0
43.4 84.2 13.4

40.1 84.6,. 13.1

40.9 ' 84.8 '13.1,

,3102, 83.0 12.7
3,1.0 , ' 83.0 12.'8

,".

39.8 ' 83.0 13.5
.39.4 82.2 13.5

,,54.9: 79.2 12.8

53.4 79.0 12.7

t

••

,

The above method ,has been used in evaluating all
weathered granite f'romJ3rown I s area in terms of paper clays
by the Mines Department ~abo~atory, using semi-wet crude
clays and 1.0 gram otsodium silicate for dispersion. '

Eva] nati on of paller OJ ays fQr.-.3Jl. micr,Oll..J.9..e.];Iaration.

The method prese~tly used by A.P.P.M. Ltd. is as
f'ollows: -

" :3Q.,Mi cran S~aration.

Weigh 100 grams of the O.D. sample, (if in lump form
DO NOT GRINI' but bre8.k hllJII;lR with fingArs), in'~o a, milk chake
mixer container and add 125 mls of calgon solution (40 g/litre)
+ 375 mls water and disperse on the mixer for about half an
hour. Transfer to a tall 1 litre beaker and dilute to a mark
about half an inch from the top. Stir and allow to settle for
5 mins. Syphon the top "i i,nrilles into a Buchner flask. ,Refil
beaker to mark, repeat the stirring and syphoning process
twice more at 5 mins. settling and four times at 2 mins.
settling time. Combine all decantations add about 10 mls.
10 percent alum and allow to settle. Decant clear liquor
dry residue and weigh as minus 30 micron. The residue remaining
in the beaker is allowed to ,settle and'dried and weighed as
plus 30 micron." '

Eva1Jla:t.:Lan,-01'.-S.Q.U.tb Mount Cameron' OJ ay:foLhYJ...l'.P .M.

The deposit at South Mount Cameron was tested by a
series of boreholes during 1959. Laborato~ test work was
carried out by A.P.P.M. to evaluate the deposit as a source of paper
filler clay. " '

Clay separations '}Vere made by the 30 micron separation
method given above.

The results of this test work are fullY recorded in
the report of A.P.P.M. dated 21st Septemp~r, 1959.,
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E.'laJ..u,at.1on of .ao.me.. Borehole B.am,pJ.e.S.bY_..th.e-M1nea Departmen.t
Labo..m:tP.r.ll...

Duplicate samples or some or the borehole samples
tested by A.P.P.M. Viere evaluated in the Mines Department
Laboratories by the "Evaluation of weathered granite in
terms of: paper clay," with the modif:ications mentioned
previously.

Compari.son. of .' .E:Jro.luatiQIlB. by.LPJ'...:M..•. a.nd...M.1ne.a...De.pa rtment
J..ab.oratoria8..

81.2

79.2
78.6
79.0
81.2

:Brj"ghtne.aa

84.8
83.8
84.6
82.8
82.8
81.2
78.2
81.4
83.4
83.8
83.8
75.4
74.2
75.6
83.0
80.4
83.0
82.8

•

13.0
13.1
13.1
13.0
12.9
12.2
13.5
13.3
13.4
13.5
13.3
13.7
13.7
13.3
12.7
13.9
13.5
13.3
12.8
11.3
12.3
12.1

4-8'9
9-15

15-20

23-25
10'-20
20-25
1- 6
6-10

10-15
15-20
20-23

6-10

10-15
15-20

There were some marked dif'ferences in yield a~d
quality of the separated clays obtained by the two methOds
of evaluation. These may be summarized as follows:-

fielu.....A.-L.....-P.... ··_Jrl· - ....--- 1fel~..eJ,la.I'.tm.ent__Qf'..Mine.a.__.

~ ~O ~ ~O

micron Ignition micron Ignition
Footage cJ,ay_. J gas % Wi ih:t..ne..e,1;l c:laY... 108s .%...

51.7 13.0 79 44.1
55.5 13.0 78 42.3
52.5 12.9 78.5 40.1
45.7 12.8 77 34.9
46~5 12.9 79.5 32.7
43.5 12.5 76 29.2
48.9 13.5 73 ",~, 35.7
52.6 12.7 77 37.7
49.5 13.2 75.5 l,O.4
50.4 12.7 76.5 38.1
49.8 12.8 77 38.9
52.7 13.2 67 ¢I/o 42.9
50.5 12.2 67.5*'~ 37.2
49.1 12.8 69.5~~ 40.3

Sur'face 46.6 12.5 78.5 31.2
49.1 12.7 75.5** 37.4
51.3 12.5 76.5 39.8
50.3 12.7 77.5 40.4
71.5 13.0 76.5 54.9
47.0 11 .4 76 30.0
49.3 12.7 79 30.5
45.0 11.6 76.5 32.4

,"'.'

'"

~'..'

26*

2- 7
7-12

", 12-17
5-10

10-15
(" 15-18

22-25
Average of'
22 clays

,. 1 7'~

i:.' Bore
hole
Jio.....

~

3*.'

Samples marked with asterisk were reported by A.P.P.M.

as satisfactory for grit contents. Samples marked ",* were
reported as bleachable.
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A comparison of the 22 samples shows marked variations
in yield and quality. Average figures relating to the samples
from 6 bores, more or less taken at random, show

~.alim tion..:by

A.P.P.M.

_. ..._._ .... __.aeparatec1 clay._.__. _
Igni..tion l.oS.s...jh Brightness

Mines
Department 37.8 81.2

It will be seen that the procedure adopted by A.P.P.M.
resulted in a greater yield of an inferior clay. There are
several reasons for this.

(1) The A.P.P.M. method gives basically a minus 30 micron
separation, and that used by the Mines Department gives a 20
micron separation •• (2) The A.P.P.M. method requires violent agitation for
30 minutes, as against 1 minute for Mines Department method.

(3) The A.P.P.M. method requires 7 decantations, as
against 5 decantations as used by the Mines Department.

There are some data to indicate that the extra agitation_
degrades the clay slightly, and that the COarser fractions
recovered by the 30 micron separation are of relatively low

I grade material.

Two lots of duplicate samples were prepared by
decantation after agitation with sodium silicate. Test
conditions were identical except that one pair of duplicates

• was agitated for 30 minutes, and the other pair for 1 minute
in the milk shake mixer. Clay was recovered from 3 decant­
ations, allowing settling times of 5 minutes each •

AgHation
..._ .. ae.,perated.-cl.ay.h _
Yi e] a %- Bri ghtness

1 minute'
1 minute

Average

30 minutes
30 minutes

Average

41.5 73.0
41...S. .72.8.

41.5 72.9

41+.9 71.8
-44..2. . "Z2.a2-

41+.5 72.0

The above table indicates an increase in yield of
3 percent, and a drop of 1 unit in brightness.

The residues from the above tests were then decanted
further', following the two evaluation methods outlined earlier.
For the material agitated for 1 minute, 2 further decantations,
each of 5 minutes settling time were made. For the material
agitated initially for 30 minutes, 4 decantations, each of 2
minutes settling time were made.
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Agi.ta.tiDn
Final ClllY_f.!'ollLiJ.nal decanta tions

decantation Yield % B~i~tneP,B

1 minute 2 at 5 mins 2.4 70.8
1 m1.nute 2 at 5 mins 2..2.. 69_•.6

Average 2.3 70.2

30 minutes 4 at 2 mins 5.2 64.8
30 minutes 4 Elt 2 mins 5.•3 63.AbL

Average 5.3 64.1

The greatly increased yield of 1n.f'erior clay was
.:::' obtained by the A.P.P.M. method •

Total yield of clay by the A.P.P.M. method Was
(44.5 + 5.3) ~ 49.8 percent.

Total yield of clay by the Mines Department was
(41.5 + 2.3) = 43.8 percent.

It is considered that the differences in evaluation
of the claYs as determined by the 2 methods are due to results
similar to above.

Commercial practice will probably involve agitation
with sodium silicate in thick pulps. It is unlikely. that
intense agitation will take place in the plant. Consequently
it is felt that the evaluation involving comparatively mild
agitation with sod.ium silicate will approach plant conditions,
and it is felt that evaluation 91' the deposit by this method
gives a more correct assessment of the raw material for
production of high grade filler clay.

/'

The method consists of digestion of the clay sample
with sulphuric acid to decompose the clay and on dilution and
boiling with 5 percent HCI the siliceous grit and silica from
the clay are separated from soluble salts by filtration and
washing. The silica from·the clay is dissolved in hot 5 percent
sodium carbonate solution and the remaining insoluble~siliceous
grit is obtained by filtration washing and ignition of the
residue.

References of the method are:

Treadwell & Hall, pages 421 & 422, 29th Ed.

Associated Pulp & Paper Mills Ltd., Burnie. private
communication, 1960.

The method was examined in the laboratory and slight
amendments made as a result of the investigation. Adequate
digestion and final free fuming with sulphuric acid is essential
for concordant results.

1. To 2 grams of clay in a 400 ml beaker add 50 ml
of water, and carefully add 50 ml of concentrated sulphuric
acid. If organic matter is evident, add 2 ml of concentrated
nitric acid.
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2. Cover and place on a hot plate wi th an approximate
temperature of 1300 C. Stir fre').uently, and slowly increase
temperature to about 200°C in 2~ hours.

3. Remove cover and gradually increase hot plate temperature
to approximately 2500 C, and continue heating for approximately
~ of an hour during which period dense fumes are evolved. Cool,
add 150 ml of wator and 20 ml of concentrated HCl.

4. COV01' and heat carefully for ~ an hour wi th a hot
plate temperature of approximately 130°C, stirring frequently.

5. Dilute to 350 I,ll with hot water, and filter on a What-
man No. 44 fj.l ter papor, washing \'lith hot 2 percent HCl •

•
6. Transfer filter paper and contents to original beaker,
add 200 ml of water and 10 grams of Na2C03. Heat for 30-45
minutes at a low hot plate temperature of about 1400c, stirring
frequently. Filter through a No. 44 Whatman filter and wash
with very hot water until tho washings do not give a colour
with phenolphthalin •• 7.
gri t.

Dry and ignite the filter, and weigh the residue as

The Associated Pulp and Paper Mills Pty. Ltd.
submitted a sample of prepared clay from South Mount Cameron
to the Australian Mineral Development Laboratories and a
copy of this report is shown below.

"HINF..RALOQY & PErROLO.GYSEGTI.QN

RE.P.ORT....I;lQ..--...3....Q.--.QillilL.

23rd September, 1960.1

)

MATERIAL:
SUBMITTED BY:

DATE RECEIVED:
Mt'\.RKS or NOS:

INFORJ,1ATION REQUIRED:

ME1~ODSOF Ej~~~INATIoN:

RESUJ..TlL.OF. EXAMIN1l.'£LON:-

Clay.
Australian Pulp and Paper
Mills Ltd •.

22nd September, 1960.
Order No. F/5166
Reference ~~:JS,

Gladstone Refined Clay.
X-ray diffraction
examination.
X-ray diffraction.

The only minerals identified from the X-ray diffractor­
'.. g aph of the above sample were kaolin, illi to and quartz. The

aolin mineral lies be~i;ween kaolinite and fireclay in the
'.•.••....•••..~aolini te-fireclay-hal1oysi to series. Illite is present in.'. mall amounts (only a few percentage), and quartz represents

pproximately 2 percent of the sample.
. .

~.. . Neither chlorite nor any titanium minerals were detected
i'om the d"',",tograph.
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Under the microscope the sample is very fine grained I

and only lightly iron stained. Only occasional grains of I
opaque minerals and rutile were seen but chlorite was not II
detected., Fine grained aggregates o~ amorphous titanium
oxide were seen and this, together with the trace of rutile, I
accounts for the presence of approXimately 1.0 percent of I
Ti02 as me~sured on the X-ray spectrograph.

Sigr.ed .. A.Eo Tynan •
.M.INEa.iiLOGIST.• "

• (
/ (, ,
1 r I (

( ,

M.etsJJurd.st..

A .
r•

.f'" .,j

~
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This report describes the treatnent plant reconunended for an annuaJ. ;prodJ.lc'tion

of 10,000 'tons of paper 'l'lality kaolin fran South Mount Cameron raw clay. It is

necessari:l;y lengtbJr since it has to serve as a source book for information on the

numerous details needed for preparation of oonstruction drawings, for ordering

equipment, and for operation of the plant. A paragraph index is provided to

assist in locating information. The salient features of Parts I and II are

summarised below. Part III is not amenable to condensation.

The report recamnends procedures and e'l'lipment similar to tre practices well

proven at Ballarat f'or stockpiling, slurrying and degritting the raw clay for

heating the degritted kaolin slip. It departs from Ballarat practice in the

omission of the centrifuge which there separates the kaolin into coating and

filler grades, in the inclusion of chlorine bleaching, and in the variations in

f'ilter and dryer equipment which seem certain to follow analysis of information

now being gathered.

Of particular monent is the recommendation that, as at Ballarat, the critical

final degritting be done with bydroseparators, instead of with the 30 m.m. cyclones

used in the DepartIrent of Mines Research Investigation on the S.M.C. raw clay. No

~ camnercial plant using miniature cyclones has been found, and so despite their

virtues, this report cannot shoulder the responsibility of committing the S.M.C.

project to the pioneering of cyclones to camneroial SUCCEJSS, at grave risk to the

quality of its sale product. For the sale kaolin has neither assured market nor

local value apart fran its guaranreed quality attribute.

The attached flowsheet shows the sequence of operations and explains the

function of each item of equipment. Whilst the extraction of the kaolin from

the raw clay is strai@1t mineral dressing procedure, the processing in1;o sale

form requires in the main the teohniques of industrial chemistry.

The attached layout plan shows the recommended arrangement of the equipment

items. It is the key plan f'or the preparation of' the plant construction drawings

by expanding it and substituting eq.uipment manufacturers' dimensions and details.

It provides vacant space alongside all the Finishing Section units which would

req.uire duplication should fu'ture demand call for production in excess of the

nominal 14,000 ton full time annual oapaoity of the plant. The relevant ground

areas would need to be left vacant, or used for non-perma:nent structures on:l;y.

The raw materials and services req.uired are:-

(I) Raw Clay: 30,000 cubic yards brolren volume annually of which 18,000 cubic

yards will need to be stockpiled at the plant during summer for

supp:l;y over the seven winter months.

100,000 gallons each week day (if' the residue be disposed of by

pumping), or 250,000 gallons (if disposal be by gravity launder).

The effect of the local river water on the kaolin brightness is

unknown and needs investigation.

Motors totalling about 175 name plate H.P., with a quarterly power

charge, including lighting, of about £565. A closor estimate will

be obtainahle frcm t.be finished construction plans.

P:robabJ,y 14 operating and 2 maintenance men.

/2.
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Summar;y (continued)

Trea1:l:nent cost canmencing with reclamation of raw clay fran the plant stock­

pile and ending with delivery of the dry sale kaolin into the plant bulk storage

bin ready for bagging, is estimated at £7 per ton of kaolin. This figure is

bare - devoid of any allowance for contingencies.

This report ma.lres no attempt to estimate the capital cost of the plant. No

reliable estimate will be practicable until quotations have been obtained for all

equipnent units, and construction drawings canpleted to permill the cost of build­

ings, concrete structures, foundations and services inatallations to be calculated•
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ACKNOWLEDGEMENT AND INTRODUCTION

1. The foundation on which this design for the South Mount Cameron treatment

plant rests is the extensive research on South Mount Cameron raw kaolin samples

by the Launoeston Researoh Laboratories of the Tasmanian Department of Mines,

the results of whioh work are oolleoted in the Department's "Ore Dressing

Investigation R.361 , R.364, R.365, R.366, R.368, dated 21/4/61. This is

referred to below as O.D.I. This in turn underlies the same laboratory's

"Flowsheet Design" dated 25/7/61, referred to below as F.D. South Mount

Cameron is likeWise abbreviated to S.M.C.

2. Elaboration of the figures of various test sequenoes reported as O.D.I. and

baokground information on the behaviour of the raw material during testing was

gained from discussions with the offioers of the laboratory. Substantial

information on raw kaolin processing and the fruit of long experience was

gathered from the Ballarat Clay Compa~'s plant through a visit arranged by

oourtesy of A.P.P.M. Ltd. at the request of Mr. Turner of S.M.C. Both Mr. Davis,

~ General Manager, and Mr. Robertson, Chief Chemist, freely gave me the benefit of
"

their experienoe in kaolin processing and impressions gained from visits to

U.S.A. kaolin plants. Looal information was prOVided by Mr. Turner. Acknow­

ledgment is also made to Mr. W. St.C. Manson, Chief Chemist &Metallurgist, of

the Department of Mines, for ma~ helpfUl discussions and for information based

on his 1961 visit to Southern U.S.A. kaolin plants, and to Mr. Kuzniarski of the

Launceston Technioal College Statf for his assistanoe with steam heating problems.

3. In filling out and mechanizing the laboratory F.D., I have drawn on a lifetime

of experienoe in the design and operation of commercial mineral dressing plants,

large and small. The translation of laboratory research into oommercial achieve­

ment is not a simple matter. Quirks in raw material behaviour that escaped notice

during research can show up and become magnified into problems in the commercial

eqUivalent of research operations. The S.M.C. plant will meet its share of these

problems and have to overcome them. But an endeavour has been made to limit them

by heeding the experience of the Ballarat Clay Compa~, and by using only methods

and equipment proven successful elsewhere. The Ballarat Co., operating on a

deposit of similar raw material, has tried and replaced several plant units

installed initially because they looked right for the job and, by modifying others,

has hammered out a reliable treatment plant. So it is with a~ oommeroial mineral

dressing plant seen to be operating effioiently it is the end produot of evolution.

After the S.M.C. plant has gone into produotion it will also start to evolve ss

operations meet and defeat problems arising from defioienoies in methods and

variations in raw material behaviour. So much for the straight mineral dressing

section that extracts the kaolin from the raw feed.

4. Subsequent operations in the plant pass from mineral dressing into the sphere

of industrial and physioal chemistry, notably for the teohniques of bleaching,

flOCCUlation, filtration, and drying of the extracted kaolin. The special used

experienoe of I.C.I.A.N.Z. Ltd. will need to be sought for the design, installation,

operation, and control of the chlorine bleach. Research will be needed on floccu­

lation to lighten the onerous burden of filtration. Aid will have to be obtained
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from experienced sources for the best solution to the costJ,y critical drying

problem. .And since value resides not in the kaolin mineral itself, but in

high standards of purity, particle size, and brightness of the sale product,

rigid maintenance of these standards will demand considerable technical

knowledge and supervision.

5. Finally, detailed specification of all the plant equipment is not complete ­

it stops after the de gritted kaolin slip has been prepared ready for elimination

of about half its water content by filtration. More information on U.S. kaolin

filtration equipment, capacity figures, and experience, is needed before the

type and size of filter can be decided with confidence. A satisfactory method of

transferring the wet sticky filter cake to the dryer has to be uncovered, also a

suitable cheaper alternative to the natural gas fired spray dryers used through­

out U.S. plants. Ways of handling, binning and bagging the hot dry kaolin have

to be examined and worked out in detail. A decision has to be made on the most

suitable eqUipment and fuel for producing some 70 tons of stearn daiJ,y at S.M.C•

This report can only outline the general requirements of the equipment for each

of these operations, and indicate suitable positions for each unit on the layout

fplan. One thing is prominent - paper kaolin production on this small scale will

be a continuing struggle against excessive production costs.

General Description of the Flowsheet and Treatment Plant

6. Production of paper quality kaolin from the raw material involves two main

operations:

(a) Extracticn of the wanted kaolin fraction from the crude kaolin raw

material.

(b) Processing the extracted kaolin to the form required by the consumer.

The treatment flowsheet and plant accordingJ,y consists of two sections.

(A) The Degritting Section.

(B) The Finishing Section.

(A) The Degritting Section

7. This will take in each day shift 120 tons of raw material from an adjacent

stockpile, slurry it with water, extract 33 per cent or 40 tons as paper quality

kaolin in the form of a kaolin-water mixture designated "De gritted Kaolin Slip,"

and deliver this slip to a storage tank in the Finishing Section for processing

to marketable form. The balance of 67 per cent or 80 tons will be a quartz grit

residue requiring delivery to an adjacent disposal area. The section will operate

on day shift, five days a week, and annualJ,y process 30,000 dry tons or cubic yards

stockpile volume of raw material into 10,000 tons sale kaolin, and 20,000 tons

grit residue. The natural location for this section is at S.M.C. adjacent to raw

material, water suppJ,y, and residue dumping area.

a. The two main operations in the section are:

(1) Reduction of the damp acid raw material to a thick dispersed alkaline

slurry, with a limited amount of water containing sodium silicate

dispersant.

(11) Degritting the slurry.

This report recommends slurrying be done in propeller type agitator tanks

which are used at Ballarat on very similar raw material. Their main attributes
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are simplicity and proven reliability. Thelrchief disabilities are high

power consumption, considerable propeller wear, and the necessity for

scuttling after a power failure and periodically to get rid of accumulations

of oversize grit.

The alternative would be slurrying in a low power revolving drum washer

equipped with lifters and discharge trommel for continuous discard of oversize

stones. This has attractive features, but would require a pilot scale test to

investigate its slurrying efficiency. The slurry passes through a standard

rake classifier which, in one simple operation, eliminates some 40 per cent

of the raw material as grit coarser than 60 mesh, and overflows the remainder

as a thin slurry ready for final de gritting.

9. For this final degritting operation which eliminates all remaining grit

coarser than sale product specification limit, and separates the wanted kaolin

fraction for delivery into storage in the Finishing Section, the Mines Department

research program exhaustively investigated and successfully developed the use of

miniature cyclones 30 millimeters (1.18 inches) internal diameter. The

laboratory's F.D. based on this research work suggests the use of these cyclones

L in the proposed S.M.C. treatment plant, but indicates hydroseparators as an

", alternative means.

This report prefers and recommends the use of hydroseparators. 17hilst it

is a function of a research laboratory to test ne~ types of equipment designed

to achieve a desired objective, it is quite another matter for a newborn company

to risk its existence and production pioneering that new equipment application

through to commercial success. This is a job for an established producer who

would be risking only the minor capital cost and finished product of an experi­

mental pilot cyclone plant. A suggestion has been made by the Mines Department

Chief Metallurgist that the final de gritting be done by a 30 m.m. cyclone

assembly installed in a plant layout which provides for replacement by hydro­

separators if the cyclones prove unsatisfactory. The following presentation

of the prots and con's of hydroseparators versus 30 m.m. cyclones is given to

help clarify the situation and show what is at stake.

Hydroseparators

10. These separate out the fine grit by settlement in water. lVhilst there is

no material difference in specific gravity bet./een kaolin and quartz grit to

promote a differential settling rate, separation by water settlement is

facilitated by the difference in shape the kaolin particles are lamellar

and hence slower settling than the granular grit.

This simple operating principle plus their simple mechanical construction

make for reliability of operation, freedom from blockage upsets, minimum main­

tenance, negligible (and that unskilled) attention and low power consumption.

Moreover, a hydroseparator is a flexible device able to absorb into its large

body of pulp considerable variations in feed volume and compositon, with no

immediate effect on the quality of its de gritted kaolin overflow product, leaving

appreciable time for corrective action to be taken before vitiation of the stored

sale kaolin slip can occur. All of this makes them particularly suited to the

isolation of S.M.C., and the limitat.ion the small size of the plant places on the

size of its technioal Staff.
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Ballarat Clay Co. s~itched to hydroseparators after failure to obtain

trouble free and satisfactory degritting ~ith 3 inch cyclones. (The Mines

Department was also unsuccessful with a 3 inch cyclone). The Ballarat

separators give little operating trouble, and are consistently making spec­

ification quality degritted kaclin slip appreciably lower in water content than

that produced by the laboratory's 30 m.m. test cyclone-point of some importance

in its bearing on finishing section costs.

11. The price to be paid for this reliability of operation and security of

quality of the sale kaolin is the much higher capital cost of hydroseparator

equipment as compared with a cyclone unit. Offsetting this is their elimination

of the operator which the cyclones would require - saving of at least £18 weekly,

or £936 annually. This saving has a substantial capital equivalent. Invested

annually in a sinking fund earning 5 per cent the £936 grows to £30,950 over a

20 year plant life, or several times the added cost of the hydroseparator install­

ation or, put another w~, the impact on production cost is the same whother a 2/­

charge arise from the £936 annual wage of one man, or the amortization and dividend

charge on £7,500 of additional capital. The important thing is the impact on the

quality of the sale kaolin. The wage charge is certain, immediate and continuing;
t
'the capital charge is more flexible for the dividend element in it is not

obligatory and can be postponed.

12. Cyclones separate minerals differing only slightly in speoific gravity by

applying centrifugal foree to magnify that slight difference into an effective

figure. The oyclone size necessary for separation of the kaolin of the extremely

fine particle size demanded for paper use is 30 millimeters, or 1.18 inches in

diameter, with an overflow (degritted kaolin slip) aperture about 7/32 inch diameter

and a fine grit reject aperture abcut 3/16 inch diameter. Such a cyclone is made

of moulded rubber and has a feed capadty of 3 to 4 gallons of thin slurry per

minute, so that 20 to 25 of them would be required for the S.M.C. plant. In the

hands of technicians the 30 m.m. cyclone was shown by the research investigation

results to be capable of producing degritted kaolin slip of satisfactory quality.

Fundamental reasons prevent cyclones of larger diameter from separating kaolin

down to the reqUired fineness and so exploratory laboratory tests ~ith a 3 inch

size, which would be free of the 30 m.m. unit's susceptibility to blockage, were

unsuccessful.

The 30 m.m. cyclone is a commercial scale unit notwithstanding its miniature

dimensions. The capital and installation cost of a cyclone assembly for the final

degri tting operation would be only a fraction of the cost of equivalent hydro­

separator eqUipment. Po~er consumption would not be much greater.

13. Whilst the virtues are substantial, SO are the disabilities:

(a) JJ. cyclone degritting assembly would probably require constant skilled

operating attention and supervision - a cost burden for a small plant

in an isolated locality.

(b) Unless the prior removal of potential spigot blockage material from their

feed fibrous vegetable trash and over-size grit is 100 per cent

effective, blockage of the tiny grit reject spigots will occur without

warning, instantly diverting excess grit into the sale kaolin overflo~.

Such efficiency in feed pre-screening is neither easy to achieve nor
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reliable in operation, so that the tiny apertures are a major obstacle

to the use of these cyclones for cOllllrercial,mineral dressing.

(c) Variation in other feed conditions also instantly affects cyclone

performaooe, vitiating the kaolin overflow. Always it is the

quality of the sale kaolin that suffers deterioration.

(d) The cyclones produce an appreciably more dilute kll.olin over-flow product

than do hydroooparators, correspondingly increasing the water elimination

task of the Finishing Section.

(e) To date no crnunercial application of 30 m.m. cyclones has been uncovered.

All U.S. kaolin producers depend on some form of water settlement device

for the final degritting operation, thougj'1 some share the task with

mechanical centrifuges.

(f) Cyclone diameter is normally determined solely by the mesh of separation.

But more than 2 or 3 per cent of clay raises viscosity sufficiently to

coarsen the overflow so that the presence of 75 per cent of kaolin in the

feed probably means that the 30 m.m. cyclone is the largest that can be

used to separate kaolin finer than 30 microns.

,14. Perhaps the si tuation can be summed up most simply by recalling a thought
'" provoking Dorr Comparw advertisement of some 30 years ago "Nothing can cost

so much as plant that costs too little". It is roy conviction that in the scale

of importaooe , security of quality of the sale kaolin and dependability in opera­

tion both rank ahead of the additional capital outla,f involved in hydroseparators.

Each occasion of cyclone trouble would mean a batch of degdtted kaolin rendered

valueless and destined for the residue dump, or alternatively an expression of

dissatisfaction or worse from A.P.P.M.

B. The Finishing Seotion

15. From its storage tank of degritted kaolin slip the Finishing Section

operating 24 hours daily 5 days a week, will draw off slip and process it to the

brightness - i.e. color - required by the specifications, and to the form required

by the sale contract. The section is housed in an extension of the Degritting

Section building at S.M.C. the most convenient position fran the operational point

of vie". It discards only water - it cannot discard arw other contamination, it

corrects color deficiency arising only from V6g)'ltable matter - it cannot remove

iron staining.

16. These processing operations consist of -

(a) Chlorine bleaching of all or selected batches of slip to correct

deficiencies in kaolin brightness.

(b) Heating and flocculation of the bleached kaolin slip to facilitate

filtration.

(c) Filtration to remove about half the water content of the slip so reduoing

the kaolin to the form of a viscous filter cake mud still containing

about 46 per cent of water.

(d) Elimination of this remaining water by drying.

(e) Bagging and storing the dried kaolin rea<l,y for transport.

17. If, at sane future date, the sale Kaolin has to be split into two size

fractions, "Coating Clay" consisting of only the very finest size fractions, and

"Filler Clay" consisting of the residue of coarser fractions, then an additional
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operation, oentrifuging, would have to be ircluded. This equipnent and operation

would precede 16 (a), and its inclusion would necessitate considerable rearrange­

ment of all of the final processing operations listed above. Thus the bleaching

system would have to be reorganized into two separate circuits. A division would

also have to be made in the filtering, drying and bagging sections, and duplicate

equipment installed to keep the two size fractions apart. There is an alternative

that could eliminate the centrifu!,!" and all the above oonsequential rearran!'l"IDents.

Reported fran U.S.A. is the development of a specialized grinding technique for

reduction of all of the undifferentiated kaolin to coating olay fineness.

other General Aspects of the Treatment Plant

18. Provided the risk to the quality of the sale kaolin is fully appreciated and

adequately guarded against, the new plant starting up prob1er.ls could be lightened

by temporary postponement of bleaching. The objective is to relieve the technical

Staff' from the full time attention that initiation of' bleaching will demand, and

leave it hee for the establishment of the circuit conditions neoessary for the

separation of' speoifioation qualit-,f kaolin and for ooping with the starting up

problems common to new plants. The consequential sa1ing of £1 or so in bleach

• ohemicals per ton of kaolin is of seoondary ilnportarce at this sta!,!" •

19. In preparation for this postponement, initial quarry operations would need

to be confined under laboratory sampling guidance, to stain free areas so that a

separate stockpile of this special rf!JJ1l material oould be provided at the plant

prior to the start up. This selective mining might delay the development of a

tidy economioal quarry, but it will give the laboratory technician an opportunity

to establish routine quarry face sampling, and sample evaluation before he beoomes

immersed in plant problems.

20. During the ourrency of this no-bleaoh operation the degritted kaolin slip

stored in the Finishing Section in flowsheet item No. 20 will at first go direot

to the heating and flocculating tanks which supply the filters. Next step will

be to route the degritted kaolin slip through the batch agitators of the bleach

system, omitting the bleach chemicals with their associated control problems,

until this circuit is satisfactorily established. For the finaJ. step - the

initiation of bleaching - the Company should seek the laon of an experienced

chlorine technician from I.C.J..N.Z. Ltd., to help establish the bleaching routine

and to instruct the Staff on the safe handling of chlorine gas.

Treatment Plant Capacity

21. The normal procedure when designing mineral dressing plant is to provide a

moderate reserve of unused oapacity, usually by specifying oversise equipnent.

Here no material over-capacity has been built into the degritting section for

increased production could be obtained S:llnply by iroreasing running time from

the designed 40 toward the possible maximum of 168 hours weekly. The finishing

section could similarly increase f':rom 5 to 7 day running, improving output by 80

tons weekly, but for any increase beyond this, operating experience will proVide

a better answer than present opinion. The finishing section equipnent units

herein specified are considered to have suf'f'icient capacity for the daily 40 ton

kaolin output, but their maximum capacity is not known and will be revealed only

by actual operating data. Where this shows inability to meet the demand, the

deficiency will have to be made up by installation of additional units.
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Corrosion in the Plant

22. The raw material has a f'airly low pH value around 4, and hence is some"hat

corrosive. However, this kaolin acidity is easily neutralized, so that af'ter

addition of' 10 Ibs. sodium silicate per ton of' raw feed at the beginning of treat­

ment the slurry is practically neutral, its pH having risen fran 4 to 6.8-7.3

(p.22, 26, O.D.I.). 1.t this level there ma¥ be slight corrosion at the air-water

line in steel tanks but nothing "orse. Routine testing of the Dorr classifier

overflow "ith a suitable indicator solution is a simple way of ensuring that it

remains faintly alkaline, and is thus receiving sufficient sodium silicate for the

required degree of dispersion. This faint protective alkalinity carries through

to the finishing section where it will be destroyed by the chlorine bleach and the

aluminium sulphate used for flocculation. Special anti-eorrosion materials and

precautions, starting at the bleach, h@,ve thereaf'ter to be used to prevent iron

going into the solution and permanently staining the kaolin. This is the

procedure at Ballarat ,mere no precautions in the w8(f of costly stainless steel

equipment, or even protective coatings, are taken until the hot slip is floccula:lBd

prior to filtration. Their Dorr classifier overflow is maintained at pH 803, or

a faint pink with phenolphthalein indicator. This higher alkalinity no doubt

means a little excess sodium silicate is being added, but it also guarantees a

lot of protection against corrosion and non staining.

The Dust Problem

23. The Company will have a dust problem to contend "ith. This is praninent

even in the small Ballarat plant, and is known to be of very large proportions

in the big U.S•••• plants. Because of its extremely fine grain size dry kaolin

readily becomes air borne, and so the stockpile will gaJ. erate much dust during

the dry months. Dry raw material on the floor of' the roofed area will be churned

up by the front end loader throughout the year into a deep 18(fer of aerated fluffy

powder, providing another fertile dust source. When dried, the sale kaolin will

be a particularly dusty product. Because of its close proximity to the stockpile

and loading area the degritting section needs to be totally enclosed in a building,

including the two degritting hydroseparators, to protect equipment and operators,

and prevent contamination of the degritted kaolin slip. If the hydroseparators

are left in the open in order to economise on the building, they will need top

cover protection against wind blown grit and also from vegetable trash fran the

surrounding scrub. Similarly, with the bleaching tanks which will necessarily

be in the open because of their chlorine health hazard. ..11 other equipment will

be storing or handling the sale kaolin in one form or another, and so will have to

be securely housed against wind blown contamination.

The Sale Product Specifications

24. 1.t the date of this report the sale product will be required to meet the

following minimum specifications:

Brigtltness: 1, brigtltness 77 as determined by 1•• S.T.M. Directional

Reflectance Method designation E.97-55.

Sizing: Plus 200 mesh - Nil. Plus 30 microns - less than 2 per cent.

The 1 micron requirement is not specified, but the natural

content of 25 to 40 per cent of this size kaolin has been

stated to be satisfactory.
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Ignition Loss:

Redispersibility:
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Less than 3 per cent of' quartz gr-it, as determined by

chemical method.

Not specified, but of the order of 12 per cent.

If delivered in dry form, the sale kaolin must be

redispersible.

•

­
~

Partial Estimate of Treatment Costs at S.M.C.

For the Weekly Production of 200 Tona Dry Sale Kaolin in Bin at S.M.C.

25. The following preliminary estimate takes raw material from the plant stock­

pile and delivers dry sale kaolin into the plant bulk storage bin at S.M.C. ready

for bagging for transport. Wages are as fixed by the Tasmanian Clay Products

Wages Board, which covers all operators except boiler attendant and maintenance

men, and power charges are those ruling in i.ugust 1962. No provision is made

for fixe inaur=e on the plant buildings for the nature of the industzy makes

fire danger negligible. Moreover, their isolaticn and location in scrub country

could mean a prohibitive premium. Finally, the capital cost figure £130,000

used as a basis for the plant amortization charge is necessarily a guess unsupPO&

ed by a single QUotation. With so much of the plant design incomplete there is

no justification for commencing quotation enquiries at this stage.

1.11 figures are ~, without a~ addition for contingencies or forgotten

items of expenditure. The allowdJ1Ce for contingencies is best postponed until

all other bare production cost estimates have been assembled. It can then be

added by one person, at the end where the whole of it can be seen.

Power

26. Power has been estimated for this report by the H.E.C. on the basis of the

following information given to it, at £534 per 13 week quarter, plus a further

£29 per quarter for lighting.

8 motors totalling 84 name plate H.P., running 8 hours daily, 40 hours per week.

14 motors totalling 48 nalne plate H.P., running 24 hours daily, 120 hours per week.

1 motor (water supply) totalling 40 name plate H.P., running 8 hours ni~tly,

4D hours per week.

Utilization factor 70 per cent., and a minimum demand of 92.4 B.H.P. brings

the total to £534 per quarter, or £41 per week.

Lighting say 1 K.W. for 60 hours weekly, total 780K.Vi .H., or £29 per quarter,

£2.45. Cd. per week.

Front End Loader

27. This has been estimated separately, being particularly vulnerable to driver

abuse and hence liable to be short lived with an expensive mainten=e record.

Earth moving equipment units are notable for theix habit of exceeding estimates

of operating costs, maintenance expenditure rising each year. 1l sinking fund

charge to replace it in 5 years looks advisable against the 20 years life for the

treatment plant. Weekly charges are estimated as follows

Lmortization of say £2,500 over 5 years at 5% " £450 annualJ,y " £9 weekly
Tyre renewalS, at 1 complete set of tyres & tubes £196, life 2 years = £2 II

fu~= £3 II

Mechanical maintenance over first year - subsequent years more" £2 II

Total £16 II

Regarding the last item, a local brick company has spent this rate over the
fixst 9 months life of a new heavy duty i yard front end loader. Tyres also
suffered badJ,y from sharp ends of steel sections left around by the oxy-acetylene
crew. Such carelessness and similar untidiness on the loader floor would be
vezy costly.
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28. Itemised Estimate of WeekLy Expenditure.

Wages:

Degt'itting Section 1 front end loader driver.
1 plant operator (and lunch

hour relief driver.)

Finishing Section 3 filter operators.
3 dryer operators.
3 boiler attendants.
1 g,eneral hand, dayahift only.

Power and Lighting.

• Local Office Overheads.

Plant superintendent.
Laboratory technician.
£.ccountant.
Typist.
Office 'phone and supplies.
Office car.
Public holidays, annual and sick leave, total
~ weeks annually per employee or £1,070.
Workers cc:mpensationpremium at £1:18: -
per £100 of wages = £264 annually.
Payroll Tax at ~ per cent on excess of
wage s over £1 0,400 annually.
Maintenance of plant buildings and
surroundings - say
l.mortization of say a £130,000 plant over 20 years
at 5 per cent requiring an annual charge of £3,930.
ilmortization of a £2,500 f.e. loader over 5 years
at 5 per cent = annual charge of £450.

1: 5: -

-: 4: 6

4: 3: 6

Per Week Ton Sale
Kaolin

£18: 1 : -
17:13: -
53: -: -
53: -: -
51 : 3: -
17:10: -

3: -: -
19: 16: -
20: -: -

7: -: -
£260: 3: - 1: 6: -

£90: -: -
120: -: -
122: -: -

80: -: -
390: -: -

6:10: -
4: -: -
2:10: -

10: -: -
7: -: -

£832: -: -
£4-3: 4: -

£50: -: -
20: -: -
30: -: -
12: -: -
10: -: -

9: -: -
20: 10: -
5: -: -
2: -: -
5: -: -

76: -: -
9: -: -

£24-8: 10: -

General Leading hand allowance, 1 man
per shift.

1 maintenance f'itter.
1 maintenance electrician.
Overtir.Je allowance for

maintenance alternate
Saturdays.

Stores and Spares•

Sodium silicate 3 tons per week at £30
per ton at S.M.e.
Jw.uminium sulphate 3 tons per week at

± £40 per ton at S.M.e •
Chlorine gas 1 ton per week at £122 per
ton at 8.M.C.
Sodium bi-sulphite 1 ton per week at
£80 per ton at S.M.C.
Coal for pulp heating and steam drying
65 tons at £6 per ton at S.M.e.
Agitator liners 2 tons at £80 per ton
M.S. plate. Lif'e 6 months.
j,gitator impeller covers, 8 sq. ft.
Linatex, life 2 weeks.
Screen cloth for trash removal wear allowance.
Sundry minor stores and spares, pump liners,
etc. say
Front end loader fuel tyres and spares.

•
•

Grand Total £1,384: -: - 6: 19: -
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RRil M.l..TERILLS SUPPLY.iJID .RESIDUE DISRlS.l.L.

Raw Kaolin Material.

29. The plant will consume 120 tona dry weight of raw kaolin feed per day, 600

tona per week, 30,000 tona per year. For the quarry staff and the plant front

end loader driver, who deals in cubic yards, the terms dry tons and cubic yards,

broken volume can be taken as interchangeable irrespective of moisture content:

1 cubic yard of ra., material, broken volume, containa 1 ton dry weight. This

figure .,as obtained fran the laboratory measurement of the volume of 1 ton gross

'ireight of loose raw material containing 15 per cent moisture - i.e. 23 cubic feet.

It is also the figure used by Ballarat.

30. Since any cl!\jT pit become,S unworkable in winter, the excavation of the

30,000 cubic yards must be completed during the dry summer - autumn months,

the surplus over current consumption being stored on a stockpile adjacent to the

plant. The stockpile site will require to be dozed to slope gently away from

the plant and the surface then well stabilized with cement. The area of the

paddock will be determined by the duration of the quarrying period. Thus quarry

.~ operation for 5 months annually would mean about 18,000 cubic yards to be stock­

piled for the remaining 7 months, ramped to a height of 12-15 feet on a paddock

about 70 yards square. This ramping by the trucks will so consolidate the top

surface of the dump that no rain will penetrate it whilst rain falling on the

sides will drain off with only a few feet penetration. 1. ring drain will be

required to carry away this run-off ll,Ild prevent it accumulating at the working

face.

31. To produce a finished product of uniform quality any mineral dressing plant

requires raw feed of reasonably uniform composition. Quarry practice will assist

in achieving this by drawing from a number of working faces to average out vari­

ations. lilld to facilitate the recommended by-passing of bleaching during initial

operations, (paras. 18-20) faces showing a material degree of vegetable staining

will need to be left untouched for the time being. Iron stained areas will need

to be identified, isolated and avoided altogether as chlorine will not remove

this discoloration. The daily quarry schedule m!\jT therefore need to be guided

by regular sampling of the working faces with plant laboratory evaluation of the

samples for quality. With draw-off from the various faces proportioned on the

sampling results, variationa will be smoothed out into a raw feed mixture of

uniform quality. A standard sampling procedure will need to be developed along

with a rapid laboratory evaluation technique.

32. The front end loader driver will soon evolve a satisfactory routine for

feeding the degritting section from the stockpile during the winter months, just

as the Ballarat driver has. Raln penetration of his working face is reduced by

maintaining the face as nearly vertical as possible and by working the lee side

of the dump during directional rain. The interior of the dump being at summer

dryness rain slurrying can thus be confined mainly to the toe of the working face.

The conveyor belt trouble (build 1.W of clay accretions on the return idlers)

arising from this over wet feed is minimised by mixing in some of the reserve of

dry raw material. On some days the plant will have to be supplied entirely from
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the dry reserve (para. 33). This stock under oover is replenished in dry

weather using a heavy duty dozer to push in from the stookpile. This task is

llIUoh too heavy for most front end loader-dozer oanbinations, which are primarily

loaders and can double for light duty dozers onJy for tidying l.W the working face.

33. In addition to the open air stockpile there is need for 600 to 1,000 tons of

dry raw material stored under a roofed area oonnecting the stockpile to the

degt'itting seotion, to ensure the feed suppJy to the plant when very wet weather

makes the dump unworkable. It would have a single span arched lattice girder

roof free of horizontal rafters that would restrict the movement of the dozer

stacking the raw material to a height of 12 feet or more. The weather side

could be walled with strengthening of the bottom 4 feet or so to oonfine the toe

and imrease storage. This roofed area needs to have a concrete floor, otherwise

the loader wheels soon cut up a dirt floor and so greatJy increase till depth of

aerated dust la,yer always present on the floor.

Water.

The estimated water requirements for the various tasks are:-

2,620 to 3,160 Gal. per hour 7 hours daiJy.

40-41.). 6,700 to 2,500 Gal. per hour•
•

34.

(a) Treatment (para. 35.).

(b) Residue disposal (para.

7 hours daily.

(c) Cleaning, general. 500 Gal. per hour 7 hours daiJy.

(d) Steam Generation (para. 93-95.). 660 Gal. per hour 24 hours dail,y.

Total, including sane surplus, 100,000 gallons per day if the residue be

pumped to disposal or 250,000 gallons if' disposal be by gravity launder.

35. These estimates are derived as follows:

(a) The 17 tons raw feed per hour will bring in about 4.3 tons of natural

moisture (20 %) and this will need to be raised to 16 tons per hour by

addition of 11.7 tons of neVi water during treatment. But if' degritting

difficulties or methods result in the degritted kaolin slip being lower

in solids (say 31 %) than the 36 per cent of the de sign est imate, the

hourly addition of new water might rise to 14 tons, imreasing the

above 2,620 G.P.H. to 3,160. As will be seen later, striot control

of this added water is essential.

(b) Disposal of the waste residue is detailed in paras. 40 and 41.

(c) Provision for dust suppression and cleaning the plant floors.

(d) This is boiler feed water based on estimated steam requirements for

pulp heating to improve filtration and for drying the filter oake.

See paras. 93-95 below.

Practicall,y all of this water is consumed on day shift, but a reservoir

would permit night pumping from the Ringarooma River at an economy power rate.

36. The river water is visibl,y brownish in winter and is said to be more highl,y

colored during the reduced flow rate of summer. This vegetable coloring is

accompanied by an appreciable amount of green algal growth in suspension. Bleach­

ing probabJy destroys the color, but with intermittent bleaching a possibility,

the color (and suspensiods) in 2 tons of this water will remain with each ton of

dry sale kaolin and oould reduce its brightness. The suspensoids will accumulate

in the boiler from the 16,000 gallons daiJy converted to steam, but their probable

effect therein is a matter for the opinion of a steam engineer. The remedy
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could be a simple sand filtration plant though the installation of this would

remain in abeyanoe until an investigation of the water contamination problem has

been made. The amount of' filtered water required would be the stun of (a) and

(d) para. 34, or 40,000 gallons per day.

37. To facilitate the application of strict control over the amount of new water

added to the raw material entering the Degr-itting Section, the whole of this new

water must originate from a constant head tank. This tank must be of sufficient

capacity to supply the plant for several hours to provide against accidental

failure of its own supply ·which would either come in direct from the river pump

or by gr-avity from a reservoir. It requires to be positioned at a sufficient

elevation to feed into the Degr-itting Section by gravity.

38. The purpose of this constant head tank is to ensure that the control valves

and rotameters metering exact amounts of ,vater to the various equipnent units

operate under a fixed head. The delivery main from this constant head tank

therefore includes a master valve which alone is opened at the start and closed

at the end of each day shift, leaving the preset individual valves within the

plant untouched. This constant head tank is an essential part of the water

supply system and will be required irrespective of whether it handles filtered
.~

or unfiltered water.

39. The river pump and pipe line will thus be required to deliver either 100,000

or 250,000 gallons over 8 hours ptunping each night shift, depending on the method

used to get rid of the degr-itting section residue (paras. 40,41). A hilltop

reservoir scooped out to hold say 500,000 gallons - a pond 100 feet square by

8 feet deep - would protect the plant's supply for tvro to five days. The sites,

distances and levels and the method of getting rid of the plant residue will all

have to be determined before the water supply system can be designed.

Disposal of Degritting Section Residue.

Laundering by Gravity.

40. The residue will be produced at the hourly rate of 11.3 tons of q)lartz gr-it,

angular and of about ~ inch maximum size but mostly much finer, accanpanicd by

5.7 tons of water, with totals of 80 and 40 tons each day shift. The simplest

method of' carrying it away would be by gr-avity flov. in a launder leading to a

nearby gully. For this the residue would have to be diluted with sufficient

new water to ensure transport. On the asstunption that 10 tons of water would

be required to move 1 ton of gr-it along the launder, the additional water would

amount to 760 tons spread over 7 operating hours or 25,000 gallons per hour. At

a flow rate of 7 feet per second induced by a fall of 1~ inches per foot, a

launder 9 inches wide by 8 inches deep would run about 3 inches deep. It would

need to be lined with renewable boards or a skin of concrete to cope with erosion

by the sharp gr-it. Given a suitable adjacent gully and a river water supply

operating against only a moderate delivery head, the trouble free reliable

disposal by launder would be more attractive than pumping.

Pumping.

41. Disposal by sand or gr-avel pump, whether downhill into a gully or up onto a

dump above pump level, will also require dilution of the daily 80 tons of residue

grit and accompanying 40 tons water with an additional 30 tons IlffiV water, or

6,720 gallons per hour to dilute the residue pulp to 50 per cent solids. This



284~OG

13.

•

'would give a residue pulp voJume of 1,411 cubic feet per hour over 7 hours daily

or 0.392 cubic feet per second. At the 8 feet per second velocity necessary to

keep the coarse solids in suspension, this means a 3 inch discharge pipe line.

In terms of gallons, the 1,411 cubic feet becomes 8,780 gallons per hour or

146 gallons per minute, which could be handled by a 3 inch (discharge size)

rubber lined Warman sand pump. Motor size would depend on the discharge head

against the pump. If the river supply pump has to operate against a considerable

delivexy head pumping residue might be cheaper than pumping the extra water for

launder disposal. j,gain, the absence of a suitable gully would necessitate the

use of a pump to elevate the residue onto a dump. And in the rather unlikely

event of a marlrot developing for tho residue, the pump oould build a stockpile

of it at any convenient position•



PART III.

Flowsheet Item 1. Stockpile of raw feed at plant. See Part II.

•

42. Item 2. Roofed area of dry raw feed.

This is a concrete floor, sa;y 25 yards square, covered by a single span roof

at a sufficient height to allow under-cover storage of up to 1 ,000 cubic yards of

raw material and still leave a travelling lane for the loader between stockpile

and feed hopper. This dry stock would supply the Degritting Section for 8 shifts

should abnormally _t weather render the stockpile umvorkable. To ensure free

escape for loader exhaust funes, the building has no side walls.

43. Item 3. Front End Loader.

There does not seem to be any pr-actical alternative to this type of loader

for feeding the Degritting Section from the stockpile. The concrete floor will

be ideal for a loader running on rubber wheels, and this type is more nimble and

cheaper to operate than a track unit. The only threat to the tyres will be

carelessness in leaving razor edged off-cuts of angle and other steel sections

or jagged quartz rocks lying on the loader working area, to become hidden in the

dust. i. more expensive heavy duty machine is likely tc prove cheaper in the

long run than a lighter unit, for it will be better able to withstand driver

abuse. i.lao, it must be heavy enough to do light bull-dozing for tic3ying up

the working face, either with an attachable dozer blade, though preferably with

a permanently attached blade.

44. As regards the make and size of loader, talks with users of various make 13

working under similar conditions could pay a dividend. A local brick canpany

has had disappointingly high maintenance costs with heavy duty ~ yard loader of

reputable mElke, apparently not all attributable to driver abuse. The Ballarat

Clay Company uses a ~ yard Cranvel. The above two mElkes have the same disability

__ - a separate dozer blade which requires time and the assistance of extra labour

to secure in place. This is an open invitation to avoid its use and consequently

to clean up the working face toe by pushing and side swiping with the bucket in

wa:ys the machine is not built to cope with. The I.H. Drott "4 in 1" loader

mentioned below (para. 45) because of its special bucket design appears to merit

close investigation, especially as it also has a permanently attached scraper­

dozer blade. Working 7 hours daily to deliver 120 cubic yards raw feed to the

Degritting Section with a 25 to 40 yard run between stockpile and plant, a ~ yard

loader would need to make the round trip in z& minutes, non stop throughout the

shift, with no time for tic3ying up the working face. This looks like an

impracticably tight schedule. A 1 cubic yard loader would need only 17 trips

per hour as against 24 for the smaller unit, and so looks the better size. How­

ever, local suppliers, like Wm. i.dams or 1.S.1,.S., could visit the plant and give

experienced advice. The lift - i.e., the height at which the loader must be able

to discharge its load is not presently known. The finished design of the loading

hopper (Item 4) and the ramp leading up to it will determine th lift. It will

be about 8 feet above ground level.

45. The design of the bucket is of vital importance. Wet sticky clay is

pr-obably the most troublesome and unco-operative raw material allY mineral dressing
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plant has to handle. The wedge shaped buckets normally fitted to loaders are

useless for wet clay. Compacted clay soon fills the four corners to considerably

redooe working volume. It adhers so tightly as to be resistant even to manual

chipping. Meantime it tempts the driver to try and dislodge it by dropping the

bucket repeatedly onto the ground. Designed to discharge by simply over-turning

the bucket, bottom suction further prevents a clean discharge. Required is a

bucket with vertical sides and rounded corners, discharging through a bottom

trip-door. This is the shape evolved by experience by the Ballarat Clay Compa.n.Y

and specially made for its loader. It appears to be satisfactory. The I.H.

Drott "4 in 1" loader has a clam-shell bucket that appears to be an even better

design. Hinged at the top, it opens wide to let the whole load drop out cleanly.

Moreover, one half of the clam-shell serves as a permanently attached blade for

cleaning up either by dozing or scraping. The 1 cubic yard size runs on rubber

tyre wheels, but all other sizes appear to be track mounted. Finally, since the

raw material is acid and full of sharp grit, wear on the bucket digging edge will

probably require a hard alloy coating.

Item 4. Feed Hopper.

46. j. feed hopper of 3 to 4 cubic yard capacity, to sit on the conveyor belt, is

practicable and when filled would allow the loader driver 10 to 15 minutes freedom

to reshape his stockpile face. Although necessarily wedge shaped, the slow mov­

ing conveyor belt beneath will drag the feed out through the open bottom and front

end and so prevent hang-up. It can be cf steel or of wood lined with M.S. plate,

with sides not flatter than 600 from the horizontal, and with rounded corners.

It would be hung from a frame carried on fore and aft columns. This frame needs

to be rugged, for the driver .fill often enough be tempted to drop his bucket on

it to help empty it or to dislodge a hang-up in the hopper. The floor is ramped

up to it to reduce the lift of the loader.

Item 5. Belt Conveyor.

47. This is a 24 inch wide belt, troughed over its whole length on stamard idleIS

except under the feed hopper, where it is supported on a close spaced flat rollers.

It drags raw material out of the feed hopper at the required uniform rate of 17

cubic yards (or tons) per hour and elevates it into the slurrying agitators. It

will be about 60 feet long between head and tail pulley centers and inclined at

180 from the horizontal. Carrying a ribbon of feed 18 inches wide by 6 inches

deep, it would deliver the 17 cubic yards per hour with a belt speed of 12 feet

or so per minute, and at this sort of speed would be its own feeder from the

hopper. The motor-conveyor drive pulley ratio will be chosen to give a belt

speed of say 20 feet per minute at mid setting on a 4 : 1 ratio gear motor of

probably 5 H.P., so that a speed range of 10 to 40 feet per minute will instantly

be obtainable. This variable speed provision is essential for maintaining the

hourly 17 ton feed input in the face of daily variations in the physical condition

of the raw material.

The discharge fran this conveyor drops vertically into the first of the two

slurrying agitators through a vertical steel chute with about a 24" x 15" top

opening. The sides of the chute flare outwards slightly, giving it a bottOlll

appreciably larger than the top, to discourage the build up of side accretions

in the face of splashing from within the agitator. The bottom of the chute is a

fairly neat fit in a hole in the top corner of the agitator to prevent escape of
splash.
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Item 6. () Twin Slurrying Lgitators.

48. These two agitators, operating in series, reduce the raw feed to a highly

dispersed slightly alkaline slurry containing 60 per cent sclids.

~.

1, single rectangular tank of -!i inch M.S. plate, 10 feet long by 5 feet wide

by 5 feet deep vertical. sides, divided by a central partition into two compartments

each 5 feet square. These two canpartments have pyramidal bottoms about 3 feet

deep. All interior vertical surfaces are protected by renewable M.S. liner plates,

2'6" wide by 4'6" long, held in place by joint covering vertical bars 2" by 1"

bolted to the tank shell by through bolts of ball mill liner type with countersunk

heads inside and nuts outside. Hemp grurnmets under the nut washers prevent

leakage. The pyramid faces are similarly lined with triangular liner plates

secured by corner strips. The tank will be on columns supporting it well above

floor level and the two canpartments will have removable splash tight split covers.

The Ballarat agitators are cylindrical, apparently having been desigfled to make

use cr: available idle tanks. The staff is understood to prefer a rectangular

shape, but this point (and later the completed S.M.C. desigfl) should be checked

~ with Ballarat staff•

4-9. Discharge Ports.

No. 1 or feed canpartment discharges into No. 2 through a coarse gr-it relief

port 16" long by 9" deep in the partition wall at impeller level 1. e., extend-

ing upwards for 9 inches above pyramid level. No. 2 has a similarly positioned

relief port 6 inches diameter which discharges through a 6 inch rubber pinoh valve

and 6 or 7 inch pipe into the feeder launder of Dorr classifier Item 9. No. 1

agitator also overflows into No.2 through a 12" by 9" deep port in the partition

Wall, the bottom of this opening being 2' 6" above pyramid level, so that the

slurry level in the two agitators will be 2' 9" to 3' above pyramid level. The

finished slurry will flow through the combined discharge ports with a velocity of

3 or 4 inches per second. The upper or overflm7 discharge port of No. 2 agitator

delivers into a 12" wide by 9" deep splash prcofed launder terminating in the feed

launder of the Dorr classifier. Both overflow ports of the two agitators have

vertical baffle plates bolted to the tank walls at 450 angles to guide the

swirling slurry into the ports.

50. Scuttling Doors.

The two pyramid bottoms terminate in hinged discharge doors of the type

formerly used for emptying cyanide sand percolation tanks, closing openings about

9 inches square, or larger, for dumping the contents of both agitators after

bogging due to power failure. For design details see Rand Metallurgical Practice

or similar early cyanidation text books. The scuttled contents fell into the

degr-itting section residue disposal launder which runs longitudinally under the

tank.

51. Impellers.

These are 24 inches diameter, one per canpartment. The impression was

gained that the Ballarat impellers are rotated to 1:ill the slurry instead of

giving it the down-throw of normal agitators. This up lift would help to !reep

the conveyor discharge chute running freely, as delivery would be onto a down

current. But it would increase thrust boaring pressure. Ballarat should be
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consulted on the point. Four blades,

12 inches long fran center of shuft to

bladc tips, made of~· M.S. plate 1J inches

vride are relded to a boss at 45 0 angles,

and a 1" diameter M. S. rod is weldcd along

the bottom edge of each blade. 1. rcnewable

v"",&rine; covor of i" thick linatex rubber is

wrapped round each blade and secured by two

M.S. strips 1t" wide by 8" 10niS by i" thick,

bolt"d through the top of e"Oh blado. The

cut edges of the linatex project ~" above

the top edge of tho impeller blade and i"
beyond the end, and at the other end butt hard against the boss. The boss has

an internal taper and slot to fit av"r a fixed key on the taperod end of the

vertical impeller shaft, und is secured there-on by a heavy bronze oo.p with a

fumalo thread matching a reverse mall,) thread on 0. straight extension of the shaft

belo-n the taper section. This cup ho.s no spo.nner flats - they ..ould not survive

- and so is removed by stillson. Bronze appears to last better than steel.

52. Shaft.

The vortico.l impeller shaft, protected against erosion by a sleeve of steam

pipe, is currilJd in a bouring assembly of the design used for Donvor flotation

cells, mounted on horizontal beoms which leave half the top areo. of each agitator

unobstructed for o.ccess with liner replacements. The sho.ft ho.s a substantial

thrust beuring to balaooe the impellor.

53. Motors.

Each agitator is driven by a totally enclosed 15 H.P., 960 R.P.M. vertical

motor. The eourse thick slurry these agitators handle results in quite smull

variations in impeller dimensions, particularly diomter, ex rting a considerable

effcct on power consunption. Hence the importance of providing a IOcans of

experimenting with shaft speod - i.e., impeller peripheral speed - to secure

adequo.tu slurrying with minimum pooer and wear. Ballarat i'npellers appeur to

run at 0. peripheral speed of about 1 ,800 feet per minute - 0. high figure in

canparison with Denver flotation cell and eonditiener speeds, but which experienco

has no dOUbt shown to be necessary. Tho follevring pairs of motor E\J'\d impeller

shaft sheaves give a range of sh' t and impeller peripheral speeds, and they

should be provided for experimentation. The same V belts would suit all pairs.

They need to bu heavy duty belts for this diffieult drive.

9 inch",s and 31 inchus p.c.d. for 280 R.P.M. shaft and 1758' peripheral.

8.5 inches and 31.5 inches p.e.d. for 260 R.P.M. shaft and 1633' peripheral.

8 inchos and 32 inches p.c.d. for 240 R.P.". shaft E\J'\d 1507' peripheral.

7.5 inches and 32.5 inches p.c.d. for 218 R.P.M. shaft and 1370' peripheral.

A first attempt cou~d be made vri th the 1633 foet speed.

54. Feed Components and 1,gitation Time.

Raw feed: 17 cubic yards = 17 dry tons per hour bringing 4.3 tons natural moisture.

NeY/TIater: 6.2 tons = 1390 gWlons per hour.

Dispersant: 0.08 tons = 170 gallons per hour 10 per cont solution of N84 gr-ade
sodium silicate.

Totals: 28.3 tons of slurry 60 pel' cent solids, vrith a volume of 638 oubic
feot per hour or 10.6 cubic feet per minute.
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The slurry is alkaline with a pH around 8 and is in a dispersed condition.

Rigid control over the new water addition is essential. All water carelessJy

added in the de gritting section inexcess of the design flowsheet figures, will end

up in the finishing section kaolin slip, from which it will have to be eliminated

at added cost. The new water addit6n to No. 1 agitator will therefore cane

through a supply pipe of generous diameter fran a constant head tank of (probabl3)

filtered water, and the quantity will be metered through a rotameter by a control

valve adjacent thereto. Once set, this valve would not be touched eJroept for

adjustment of the slurry pulp density, a master valve on the constant hea.d tank

side of the rotameter being used to turn on and shut off water flow each day.

j,S described in para. 57, the dispersant a.ddition will be similarl3 controlJsa.

The above figure 0.08 tons silicate in a 10 per cent solution is based on the

quantity used in the research investigation. It secured adequate dispersion and

resulted in a slurry that was practicall3 neutral at pH 6.8 to 7.3. In the plant,

the addition rate will be adjusted to give a pH of 8 to 8.4 as insurance that the

completeness of dispersion will not be in doubt.

The agitation time in each tank is derived as follows:

It Slurry volume in each agitator at 3' pulp depth 72.6 oubic feet 7 .
, V 1 ,p.. d te = 0 6 f t = m~nutes.o ume o~ ~ee canponents per minu 1 • cubic eo

The combined total of 14 minutes violent agitation should completely

disintegt'ate and slurry tho raw feed material, and scrub the kaolin off the

quartz grit. (O.D.1. p.8). If not, the overflovv level can be raised to increase

the agitation time a little.

55. Operation.

The impellers are started with tanks empty, then dispersant, water and raw

feed canmenced. The bottom discharge port of No. 2 agitator is kept closed

until overflow from the top port commences. Then the squeeze valve of the

bottom part is opened onl3 just enough to keep it discharging the oversize grit.

At the end of the shift both agitators are run empty throU@:1 No. 2 bottom port

before stopping the impellers.

Item 7. Dispersant Mixing Tanks.

56. Sodium silicate of N.84 gra.de is a hil#1l3 viscous liquid, S.G. 1.42,

containing 9 per cent Na
2
0, 29.6 per cent Si0

2
, 61.4 per cent water. The

weekly consumption of 3 tons thus means freil#1t is paid vl6ekl3 on nearly 2 tons

of w'ater from Sydney to S.M.C. This could be saved by buying the dFJ silicate

glass and breaking it down with steam to N.84 grade at S.M.C. The N.84 gt'ado

dissolves satisfactoril3 though slol7l3 in cold water. The commercial pack is

a 44 gallon drum containing about 620 lbs. and the daily requirement is 2 drums.

Two dissolving tanks are recanrnended, one storing the day's supply, the

other dissolving the next day's needs. Each tank is 7' square by 6' deep and

is set on concrete piers 2' above floor level, if steel or wood be used, on the

floor if the tanks are concrete. Each is equipped with a 3 or 4 bla.de 15"

diameter down-throw iJnpeller placed about 18" above tank bottom and driven at

250 R.P.M. by a 3 H.P. vertical motor. The impeller can be ship type or consist

of 4 M.S. plate arms welded on 450 angles to a boss. A 3' wide by 7' long flat

bottom tray of M.S. plate punched with many :\:" holes is fixed in the tank 2' 6"

below the top. Tilted drums of N.84 are allmred to empty slowly into the tray
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and thence through J.nto about 3' of ,;ater beneath. ,Then dissolved, the volwne

is made u;p to about the 4' mark to make one day's requirement of 1,200 gallons

of 10 per cent solution.. A mall clean water pump delivers 200 gallons per

hour fran mixing tank to constant head tan1{, Item 8, sane 20' above.

Item 8. Constant Read Dispersant Feed Tank.

57. A steel tank 3' by 3' by 3' deep, with removable cover, is placed at a

sufficient height above No.1 agitator feed chute for gt'avity flow to operate a

rotameter reliably. This tank holds an hour's supply of dispersant, the excess

delivery fran the pump belO\< overflowing back to tank, Item 7, through a plastic

pipe. Intake fran the pump is through a fine screen (bronze) to catch a:ny lint

or trash that could block the rotameter from reliably metering 170 gallons per

hour through master and control valves rotamet"r and plastic hose into No. 1

agitator. Creep over the tank top needs to be washed off freq.uently to prevent

accretions. Ballarat should be asked for advice on a rotameter type that will

58. This unit, in one simple operation, roughs out and discards a]most 70 per

cent of the total groit in the slurry fed to it from Item 6, and overflows a thinned

~ slurry for final degroitting by the hydroseparators. Its size has been determined

as follows on Darr Company catalog data:

(a) Slope: for an overflow of minus 60 mesh solids of S.G. 2.7, the slope

required is 2~' to 3" vertical per foot horizontal.

(b) Length: at 3" slope a length of 28' is required in order to leave 7' of

deck length dry at the sand discharge end for sprrq wash and drainage of

entrained kaolin back into the pool.

(c) Raking Capacity: For F. and H. type classifiers at 20 strokes per minute,

the Dorr Co. quotes a safe max:imum of 280 short tons of sand per foot

width per 24 hours. The plant requiremont is only 200 short tons so a

single rake 1 foot wide would do as regards raking capacity. But by

us ing a unit 5 or 6 feet w"ide, the sand bed will be thin enough to ensure

that washing and drainage will prevent the loss of entrained kaclin of

minus 30 micron range from exceeding the research figure of 2 ar 3 per

cent. (O.D.I. p.10).

(d) Overflow Capoci ty: For minus 60 mesh S.G. 2.7 solids and 20 strokes per

minute Dorr regards 5.3 short tons overflow solids per square foot of

pool area per 24 hours as a sat'e maximum. At 3 inches slope, the pool

area is given as 13.8 square feet per 1 foot width of classifier. The

pool area required for the flowsheet overfl0\7 figure of 9.5 long tons per

hour, or 250 short tons per 24 hours is 250 = 47 square feet, and the

. ~ 5~3
width to provide this 1s

13
• 8 = 3 feet 6 1nches. This is the safe

minimum width for all ordinary mineral dressing requirements. For

kaolin processing it would be better to operate TIith a less crm7ded pool

so a classifier at least 5' and better 6' .dde looks preferable. If the

6' vddth proves too large, the pool area can easiJ,y be reduced but it is

less easy to increase a pool that is too small.

Dorr F. Classifiers are made up to 6' wide, type F.H. in 4' and 5' widths

and type H. in 3', 4' and 6' vddths. All have similar raking mechanisms

•
operate

Item 9.

reliably on sodiwn silicate

Dorr Straight Classifier.

solution.
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and can be had in :;my tank length from 18 to 30 feet.

machine of nomal mild steel construction will suffice.

20.
A standard duty

Ii. 6 feet wide

•
•

D.S.F. or D.S.H. 28 feet long unit (meaning duplex rakes with steel tank

and either F. cr H. type ID:3chanism) ..'i.ll handle the tank. The 4' 6" wide

by 26' Dorr used by Ballarat to handle half the 3.M.C. throughput,

lengthened to give 7' of dry deck for washing, has proved satisfactory.

Although of mild. steel construction without any protective ccating, there

is no trouble with corrosion.

59. Required then is a 6' wide by 28' long Dorr D.S.F. or D.S.H. straight

classifier, operated at 20 strokes per minute by about a 7t H.P. motor. Slope

3" vertical per 12" horizontal to give 7' length of dry deck at rake discharge

end. One row of new water sprays about half way up the dry section. Normal

mild steel constrootion throughout.

Feed: 17 tons solids plus 11.3 tons water per hour as slurry 60 per cent

solids, 638 cubic feet volume, from No. 2 agitator•

Dilution Water: comprising ne,l water sprOiY plus return ·.ya.ter from Item 17,

total 4. 7 tons or 1,050 gallons per hour.

Rake Discharge: 7.5 tons plus 60 mesh quartz grit plus 2.2 tons water per

hour delivering into the waste residue launder below the classifier.

Overflow: 9.5 tons minus 60 mesh solids plus 13.8 tons water per hour,

forming 626 cubic feet of 40 per cent solids slurry delivery to surge tank,

Item 11, through trash removal unit, Item 10.

60. Operation.

The feed slurry has to be diluted considerably to thin down the pool to

permit gJ:'it coarser than 60 mesh to settle through to the rakes and leave the

minus 60 mesh remaining solids to overflow as a thin slurry of 40 per cent

solids. Dilution amounts to 4.7 tons added 'later per hour, some of it being

kaolin bearing return water from the scavenging hydro-separator, Item 17 - around

2 tons or 450 gallons per hour. The remaining 2.7 tons or 600 gallons will be

fed through the spray pipe measured by a rotameter with the adjusting or control

valve placed alongside the classifier. Assuming the amount of return water has

settled down to a steady figure, the amount of spray water '7ill be adjusted to

maintain the overflow pulp density, measured at regular intervals, at 40 per cent

solids. At end of each day a master valve shuts off spray water, which cemGS

fran the constant head supply. Jm alkalinity test is made on the overflow at

the same time as the density check. The overflow must shOVI a faint pink at least,

with phenolphthalein indicator. The rate of sodium silicate addition to the

agi tators IlIUSt be iroreased if there is no color, (reduced if the color is a deep

pink), for the classifier cmmot do its designed task unless the pulp in its pool

is fully dispersed. This adjustment will be dangerously slow to take effect

through the circuit. Hence containers holding a few gallons of dispersant need

to be kept handy for dumping into agitators and classifier pool for immediate

alkalinity correction. Density is more likely to fall below than rise above

the 40 per cent level, and it will be a matter of jud@Ilent which of the three

water addition points, to the No.1 agitator, to the scavenging hydroseparator

for return water or to the Dorr classifier sprays, can h,st stand being cut back.

Iroidentally , a density reading greater than 40 per cent is much more likely to
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mean inadequate disperai:Jn insufficient alkalinity rather than insufficient

water input.

Item 10. Trash Removal Screen.

61. The raw material, earning fran shallow quarry pits, will be contaminated by

sane at tirnes possibJ.;y considerable amounts of vegetable litter and roots.

All this trash will end up in the DODr classifier overflow from which it must be

rL"Jlloved before this product goes to the final degritting units. If ultimately

these be 30 m.m. cyclones, removal must be 100 per cent and reliable. For hydro­

separator degt:itters, trash removal need not be so ccmplete for they are not

subject to blockage, and a small amount of vegetable trash reporting in thGir

overflow will be removed by screen, Item 19.

Since the mnount of this vegetable trash is not known, and so will have to

be learned fran plant operation, it migj1t be suff'icient for a start to let the

Dorr classifier discharge onto a 2'6" wide by 6' long stainless steel plate set

on a downhill slope of say it inches per foot punched with 1/16 inch diameter

holes spaced 1/16 inch apart, diagonal spacing. The maximum plate thickness

that can be used for this diameter of hole is 0.049 inch. ~fter punching the

plate surfaces must be buffed mirror smooth to remove all projecting feather edges

so that the trask will slide frceJ.;y across the surface as accumulations are

pushed downhill by the slurry into a disposal launder delivering to the waste

residue launder. Such plate screen would have a total surface area of 15 square

feet and an open area of 22.7 per cent or .3.4 square feet to pass 626 cubic feet

of pulp per hour or 10.4 cubic feet per minute. Pulp velocity througj1 the plate

to undersize will theoretically be only 3 feet per minute - 0.6 inches per second

- so the plate will have 81nple screening capacity.

Should. the above plate fail to cope with the trash problem, it ,till have to

be replaced by a trornmel, room for which has been reserved in the layout. This

tranmel is a cylinder 3 feet diameter by 6 feet 6 inches long, made of the same

0.01;.9 inch thick S.S. plate punched with 1/16 inch holos, all as llbove and buffed

smooth. Its open area will be 12.8 square feet. Situated between the Dorr

classifier overflew and single tank, Item 11, it would have a slope of about it
inches per foot and be driven at 15 R.P.M. by a 2 H.P. motor. Such a trammel

would cope with a considerable amount of trash and handle fibrous litter better

than an::! other device. Stainless steel is essential - oxidation rapid1;y blinds

mild steel screens. The trommel oversize rubbish would be sluiced down a launder

to the residue disposal launder, and the undersize collecting in the semi-circular

shroud lDUndered by gt:avity to Item 11.

Item 11. Surge Tank.

62. This unit does nothing to the Dorr classifier overflow slurry it receives

and hence its purpose will not be immediately apparent. It serves as a reservoir

cushioning all variations in the slurrying rate such as are inevitable in wet

weather - even to suspension of raw material feed for an hour - while still

providing an uninterrupted flow of uniform quality feed to the hydroseparator

d.egt:itters. Ballarat feeds its two hydroseparators from a surge tank of 600

cubic feet volume for the 400 cubic feet of hourJ.;y overflew from a Dorr classifier,

and has found it advantageous. Moreover such a surge tank completes the smooth­

ing of variations in raw feed composition into a uniform mix.
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Pulp Density:

Feeo. Intake:

•
•

•

i. 12' diameter by 10' deep tank, of steel or concrete, equipped with a Denver

cenditioner agitator assembJ.vr consisting of a 10 H.P. vertical motor, vertical

shaft and a 30" diameter 4 blade downtm-ow impeller rurming at 150 R.P.lVi. or

1,100' peripheral per minute. This impeller is 3' above the tank bottom which

is protected by a 3' 6" diameter by t" thick M.S. 'rear plate. The central stand

pipe of the standDrd Denver condi tionor will not be required, but several anti­

swirl baffles :fixed to the tank wall could help to keep the coarser solids in

suspension. A concrete tank would be on floor level, but a steel tank should

sit on a heavily bitumen surfaced concrete pedestal a few inches above floor level

to exclude floor water.

The Denver Company will be asked for advice.

Discharge is by diapm-aEJll pump, Item 12, fed from a pipe in the tank wall

close to the bottom, fitted with a plug valve hard against the outside ef the

tank. The entrance to this pipe inside the tank is kept clear of sand accumula­

tion by positioning it on the swirl side of a 45 0 baffle plate attached to the

tank wall. The surge tank is normally operated little more than half full to

allow latitude for temporary stoppage of either slurrying operations or of the

degritters. A lengthy power failure would cause no trouble ovon if it caug)1t

~ the tank full of slurry and so containing 130 tons of solids. Whon settled

this would occupy 300 cubic feet and so barely reach the level of the impeller,

which could safely be restarted. But a compressed air lance would have to be

used to loosen solids around the tank wall and get them back into suspension quickJ;y.

Item 12. Diap'u'apm Pump.

63. This delivers from the surge tank to No.1 Degritter. In conunon with all the

diaphraEJll pumps in the de gritting section of the plant, it serves to accurately

meter the volume of the slurry as ';1811 as transfer and elevate it. For uniform­

ity, simplification of spares steck, ease of quick adjustment of delivery volume

and freedan from grease contamination of the kaolin slip, all the diaphra§ll pumps

in the plant are Oliver Diaphra§ll Slurry (O.D.S.) :pumps made in Melbourne by

Do=-oliver Fty. Ltd., and as used at Ballarat. Item 12 will have the follm7ing

estimated duty:-

~: 9.5 tons solids plus 13.8 tons water per hour = 626 cubic feet or
80 U.S. G.P.IiI.

Sizing: approximately - 60 + 200 mesh 1.25 tons or 13 per cent mainly
quartz grit.

- 200 + 30 microns 1.15 tons or 12 per cent mainly
quart z grit.

- 30 micron 7.1 tons or 75 per cent wholly kaolin.

40 por cent solids by weig)1t, pulp S.G. 1.33.

positive pressure ranging from 2' to 10' helld of above pulp,
depending on depth of slurry in surge tank. Horizontal
distance about 22' pump to tank.

Feeo. Delivery: 21 feet vertical lift 44 feet horizontal tr"vel. The
delivery pipe to rise 8' vertical above pump, then on self
draining incline up to discharge end in feed well of No. 1
degritter.

The above details checked against the final drawings for accuracy, should

be given to Dorr Oliver Pty. Ltd. for determination of the correct pump size and

pipe details. Galvanized water pipe can be used and this pump need not be

installeo. in duplicate, for it operates only 8 hours daily and can be stopped any

time for brief attention. If practioable all a.D.S. pumps throughout the plant
should be the same type and size.



28411G

•
•

-'-.

23.

Item 13. No. 1 Degritter.

64. This unit is the first of two identical hydroseparators which operate in

series to canplete the gt'it removal commenced by the Dorr classifier. This

critical final degt'itting produces a slip consisting of paper quality kaolin

accompanied by twice its weight of water, doing this with a current of water

rising at a velocity high enough to lift kaolin particles of up to 30 microns

diameter and finer into the overflow laurder, but not high enough to lift over

anything coarser than 30 microns. The specification dces not pennit more than

2 per cent coarser than 30 microns. Whilst there is no maturial difference in

specific gt'avity between kaolin and quartz gt'it to promote a differential settling

rate, separation by water settlemtn in the hydroseparator is made possible by the

fact that the kaolin particles are lamellar and hence slower to settle than the

gt'anular grit.

The design problem is to determine what this rising velocity must be and then

to use this in conjunction with the flowsheet estimates of feed, reject gt'it,

kaolin and water tonnages to be handled to calculate the size of this first hydro­

separator degritter. Since each of the two hydroseparators is to produce roughly

}.. half cf the total daily tonnage of degt'itted kaolin slip, No. 2 degt'itter will be

a duplicate of No.1.

65. Determination of the rising current velocity for a 30 micron kaolin overflow

is based on the results of research into clay settlement rates, carried out some

years ago by Mr. G. J. Robertscn of the Ballarat Clay Cc., and kindly made avail­

able by him. The formula belm' actually provides for a 20 micron overflow which

is a precaution against overflow of anything coarser than 30 microns.

The standard Richards equation for estimating the settling rates of small

quartz particles between 0.16 and 0.015 millimeter diameter vtlen falling freely

in the water is:

V = 450 D2( a-1 ) V = the settling rate in millimeters per second.

D = diamet0r of the particle in millimeters.

a = specific gravity of the quartz (= 2.66).

This equation can be modified to the follOWing fom (which is rather different

fran that derived by Mr. Robertson, but yields sii11ilar results).

V = 0.106 D2 V = settling rate of quartz particle in inches por hour.

D = diameter of quartz particle in microns.

For quartz particles 20 microns diameter V = 0.106 by 20 by 20 = 42.4 inches

per hour when falling freely in clear still water. The specific gt'avity of

quartz and kaolin being practically identical, this can be accepted as the settle­

ment rate of agglomerates of the lamellar kaolin. This 42.4 figure is close to

the 36 inches per hour of the Mines Department evaluation method for separation of

the nominal 20 micron kaolin fraction under still water conditions. The 97.5 inch

rate yielded by the fonnula for 30 micron quartz or kaolin is similarly close to

the 90 inches per hour of the A.P.P.M. evaluation method for separation of 30

micron fraction under still water conditions. (O.D.I. p. 54, 56).

66. But in the body of pulp filling the hydroseparator, the water is neither still

nor clear, but is crowded with 40 per cent by weight or 20 per cent by volume of

solids. These conditions greatly interfrere with the sepnration by settlement

slowing down the settling rate cf coarser particles, buoying them up until they
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The 42.4- inch rate has to be reduced

by a factor which measures the amount of this interference. Mr. Robertson has

obtained a value for thia factor by meaauring the aettling rate of clay in

laboratory sUspenaions of varioua denaitiea:

Per Cent of Solids Settlement Rate Ad,justment
in Suspension. FactClr' or Multiplier.

o
10

20

30

36

40

50
60

0.74­

0.578

0.437
0.36

0.305

0.21

0.118

•
The hydroseparatars are to overflow a degritted slip containing 36 per cent of

kaolin, as at Ballarat, so this will be the density of the uppermost layer in the

pulp boa,y, through which l'Wer final grit elimination is effected. Using the

factor for 36 per cent aolide, the calculated settling rate fClr' No. 1 degritter

~ reduces to 15* inches per hour (i.e. 42.4 by .36) for operation at 100 per cent

efficiency, as in the laboratory settlement tests. He assumes a separation

efficiency of 70 per cent for a plant scale hydroseparator and makes a further

small reduction for viscosity increase in cold weather. The 1~ inches therefore

further reduces to:

15.25 by 0.7 by 0.9 = 9.6 inches per hour for a 20 micron kaolin overflow.

Oalculation indicates that this is about the rising velocity in the Ballarat

hydroseparators. It is the rate the 3.M.C. hydroseparators arc designed to

provide.

67. No.1 degritter is estimated to overflow 2.85 tons of 20 micron kaolin and

5.16 tons of water per hour as 225 cubic feet of kaolin slip 36 per cent solids.

For a rising velocity of 9.6" = 0.8' per hour, the required surface area is

225 = 280 square feet or a M.3. (or concrete) tank 19' diameter. The tank

~~l should be 10' deep in order to ensure that eda,y currents generated by the

motion of the rakes do not reach the surface to throw oversize grains into the

kaolin overflow. The bottom is a cone with a slope of about ~" per foot to

assist the movement of aett:l£d solids to the oenter discharge by the rakes. The

rake mechanism, oonsisting of four arms driven at same rate between 1 and 4 R.P.M.

by a H.P. variable ratio gear motor, can best be supplied by the Australian

manufacturera of Darr or Denver hydroseparators. The M.S. tank could be

fabricated in Launcoston.

The central shaft of their standard raking mechanism would have to be

lengthened to suit the 10' deep tank, as standard hydroaeparators have very

shallow tanks. The overflow rate of 2.85 t0ns of kaolin from the 280 square feet

of tank area is equal to 22.8 Ibs. per square foot poI' hour, which is about the

same as the Ballarat figure of 23.2 lbs. from their 14' diameter units. The

collecting launder can be either on the inside or the outside of the top of tho

tank - usually the former, and the wood strip over which the kaolin slip flows

into the launder must be carefully planed (and maintdned) absolutely level. For

No. 1 degritter shut dOWn routine see para. 77 below.
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The overflow of No.1 (and No.2) hydroseparator must be checked by routine

testing at regular intervals - and every time there is <my doubt - primarily for

alkalinity. If this has fallen belcw the safe minimum gt"owing flocculation of

the pulp body will throw increasing omounts of oversize into the OI7erflow, vitiat­

ing all of the degt"itted kaolin in storage in agitator No. 20. Prompt restoration

of alkalinity to a safe level would be achieved by feed well addition of a strong

solution of caustic soda from a container kept nearby for such an emergency. A

simultaneous pulp density reading will indiCate any necessary adjustment of the

underflow diaphra!?JIl pumps.

68. Calculation of the correct dimensions of a hydroseparator is not a matter for

which precision can be claimed. No harm will result in this case if the 9.6" per

hour rising rate proves to be on the low side - moaning the 19' tank diameter is a

little oversize; there arc two more hydroseparators furthGr on in the flowsheet

to recover escaping kaolin. But a tank on the small side will do irreparable

harm by forcing gt"it and oversize kaolin into the overflow, and there is no way of

correcting this short of enlarging the tank.

Item 14. Diaphraw Pump.

69. This Dorr O.D.S. diaphra!?JIl pump removes the settled solids from the bottom of

}.. No. 1 degt"itter and delivers them into No. 2 degt"itter for treatment. Since all

O.D.S. pumps arc operated by electronic timers the rate of solids removal can be

instantly varied to correct any discrepancy in the sizing of the kaolin OI7erflow ­

the faster the settling solids and accompanying water are removed the less the

overflm. volume, the lower the rising velocity, and hence the finer the overflow

kaolin, and vice versa.

Feed: 6.65 tons solids plus 8.64 tons water per hour as pulp containing

43.5 per cent solids, S.G. 1.4, and volume 400 cubic feet per hour or

50 U.S. G.P.M.

Approximate sizing of solids:

- 60 + 200 mesh 18 per cent or 1.24 tons per hour of quartz gt"it.

- 200 + 30 microns 17 per cent or 1.14 tons per hour mainly quartz gt"it.

- 30 microns 65 per cent or 4.27 tons per hour kaolin.

Feed Intoke: approximately 3' belO'i"' the bottom of No. 1 degt"itter, giving

a positive feed head of 15 feet of pulp of S.G. 1.36.

Feed Delivery: 18 feet vertical then about 24 feet horizontal travel on a

self draining gt"adient of about 2 feet fall, into feed well of No. 2 degt"itter.

Dorr OliverRy. Ltd. to be asked for their recommendation for this pump just

as for Item 12, para. 63. This pump does not reed to be installed in duplicate

for it can be stopped for brief attention at any time and is idle 16 hours daily

for any major repair.

Item 15. No. 2 Degritter.

70. Since an overflow of high quality is the primary function of No. 1 degt"i tter,

it will certainly show a poor recovery of the total amount of 30 micron kaolin in

its feed, and so its underflow will require retreatment in No.2 degritter. This

is a duplicate of No. 1 in all details and its OI7erflow rate is estimated to be

the same as for No.1. For shut down routine see para. 77.

Item 16. DiaphraW Pump.

71. This O.D.S. pump removes settled solids fi'om the bottom of No. 2 degt"itter
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and delivers them into eoavenging hydroseparator Item 17, which provides the l~t

chame of recovering paper quality kaolin still remaining in the residue fran

No. 2 degt'itter.

Feed: 3.8 tons solids plus 3.48 tons water per hour as pulp containing

52 per cent solids, S.G. 1.48, and volume 176 cubic feet per hour or 22 U.S.

G.P.M. Sizing approximately 63 per cent of minus 60 mesh plus 30 micron

'l.uartz grit, and 37 per cent of minus 30 micron kaolin or 1.42 tons thereof.

Feed Intake: Approximately 3' below the bottan of No.2 degritter, giving a

positive feed head of 15 feet of pulp of S.G. S83 1.45.

Feed Delivory: 21 feet vertical then about 65 feet horizontal travel on a

self draining gradient of abwt 5 feet fall into the feed well of Item 17.

Dorr Oliver pty. Ltd. to be given the above details and asked for their

recC!lllllendation as for Item 12 and 14.

Item 17. Scavenging tlydroseparator.

72. As with No.1, No.2 degritter's primary task is a high 'l.uality overflow

product and hence it will also fail to recover all the 30 micron kaolin in its

feed. Its underflow can be retreated at a minor operating cost by a third

, hydroseparator of stlaller diemeter, but with a rake drive mechanism a duplicate
4

of Items 13 and 15. rhis third unit will be a washing l\Ydroseparator and will

have a tank diruneter of only 12' so that good use can be made of the small emount

of wash water permissible. The feed solids containing an unknown, but probably

considerable amount of valuable micron kaolin, will settle to ,the bottan and be

raked into a central diocharge cone. From this cone they enter the cylindrical

discharge pocket and fall through a rising current of added clean water the

objective of which is to wash out entrained 30 micron kaolin and lift it up into

the overflow. But since no forecast of the probable loss of saloable kaolin in

the underflow of No.2 degritter cnn be made, the installation of Item 17 will

best be postponed until plant operation indicates its econanics•

73. This overflow will again be degritted kaolin of paper quality, but will be

much too dilute for addition to the degritted kaolin slip produced by No.1 and

No. 2 degritters. It will therefore re-enter the degritting section circuit as

return water forming part of the dilution water that has to be added to Dorr

classifier Item 9. By removing the underflow pulp containing the washed solids

at about the S1llIle rate as the feed pulp enters the feed well above, i. e. 176 cubic

feet per hour, the added water Will, in effeot provide the whole of the overflow

water. Since the kaolin in this overflovl must still be of paper quality, the

rising velocity in this scavenging l\Ydroseparator will be adjusted to e'l.ual,

but never to exceed, that in No. 1 and No. 2 degritters. A rising rate in excess

of their 9.6 inches per hour would lift grit and plus 30 micron kaolin into the

overflow and this grit would becone a circulating load, building up fran new

increments each time it completed the closed circuit - ocavenger overflow into

Dorr classifier overflow into No. 2 degritter underflow and back into the

scavenger unit and its overflow. Ultimately it could only escape by being

forced into the overflow of No.1 and No.2 degritters, vitiating the sale kaolin

with amounts of grit and oversize in excess of permissible limits. The addition

of 2 tons of wash water or 450 gallons per hour would provide a rising velocity

of a safe 8 inches per hour. This wash water would come from the ccnstant head
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suppl,y through master and control valves and rotnmeter. FinalJ,y there is the

'l.ucstion of the tank depth. The danger from vitiation of the ovcrflow by eddy

currents caused by the ralres will be very much less than with tm two degritters,

for the pulp body will be far less dense and viscous and ralre speed will be lower.

So a tank wnil onl,y 5' deep to the start of the coned bottcm would probably be

safe, but all risk could be eliminated at a minor addition to overall cost by

making the tank 10' deep.

74. The feed to this scavenging unit will be dense at 52 per cent solids so nbout

1.5 tons of the 2 tons of wash 'linter will be used to dilute the fced ns it enters

the feed well. The remaining 0.5 tons will be fed into the discharge pocket.

Since the operation of the underflow removal pump is an intermittent one, all of

the washing action will be concentrated into the short period when the pump is

discharging. Over this short period, the rising velocity in the discharge

pocket vtill be perhaps 10 times the 8" per hour tank average, and so vrashing will

be thorough. During the pump intnke, stroke velocity will fall to a negative

figure and the lifted solids will settle into the pump intake. Nevertheless

there ma;y gradually accumulate in the tank n body of solids too coarse to escape

in the overflow, yet too fine to reach the pump intake. A slight reduction in the

~ amount of wash water and corresponding increase to feed well dilution will correct

this situation. Shut down routine is given in para. 78.

75. Instead of using a 12' diameter hydroseparator and its O.D.E. discharge pump

for scavenging, this perhaps might be done - though very inefficientJ,y - with a

device that could be manufactured in Launceston. This is the Edgar clay drag.

Ballarat installed one of these units to dewater the degritting section waste

residue to make it sufficiently dry to be stored in a bin and trucked to the

disposal area. This it does satisfactdl:'il,y. The water it extracts during

this dewatering operation does contain some valuable kaolin and so is sent back

to the degritting section as return water. But such scavenging as it docs so do

is onJ,y a side effect of its primary function.

The machine is operated intermittentJ,y by an electric timer to provide

'l.uiescent pool conditions to allow the residlle solids to settle for dragging out.

These solids are not washed e:xPept very inccmpleteJ,y by a single row of sprays

at the sand discharge end. Feed is continuous and the pool area can be designed

to provide a rising current of 8 or 9 inches per hour. While the rake chain is

stopped, the pool is 'l.uiescent and the overflow may not carry any solids coarser

than the 30 micron limit. But when running, the rake chain creates substantial

disturbance to the shallow pool and so must set up eddy currents that will force

gri t into the overflow. There is thus neither efficient scavenging of valuable

kaolin nor a:ny control over thl 'l.uality of such as is recovered - onl,y satisfactory

dewatering of the residue for disposal. The machine is not recommended for 3.M.C.

To repeat, security of quality of its sale kaolin is of greater importance to

3.M.C. than a saving in capital expenditure. In a private communication (18/12/61)

Mr. Robertson indicates a preference for a hydroseparator instead of an Edgar Drag

for this scavenging.

Item 18. DiaphraP/ll Pump.

76. This pump removes the underflow fran scavenger unit, Item 17, and delivers

it into the waste residue tail race for disposal. Its primary purpose is to act
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as an intennittent discharge valve to pennit safe, yet thorough washing of usable

kaolin from the residue prior to disposal. Since this pump does not have to

elovate tho unoorflow, but moreJ,y delivers it dovmhill into the residue launder

inmediately below, it might be thought some type of spigot discharge could be

used instead. A spigot discharging intermittentJ,y by C8lll and ball goax could

be used, though this geax works better on paper than in practice. To maintain

the solids outflow in balance with inflow, its motor would require mechanical

speed variation equipment equal in capability to the pump electronic gear. On

tho other hand, a simple straight spigot would require the addition to Item 17
of some 13 to 17 tons of dilution cum wash water (instead of only 2) to reduce

the spigot effluent density to the 25-20 per cent solids necessary for continuous

dischar"o. Control over the critical rising velocity would be lost, resulting in

a circulating load of difficult size grit, building up in the 17-9-13-15 overflow

circuit from which it would ultimately escape via the only avenue possible - the

overflow of 13, to vitiate tho sale kaolin. Spigot wear and occasional blockage

by slumping solids would aggravate the situation. The pump is the best solution.

Feed: 3.8 tons solids (approxinately) plus 3.5 tons vrater per hour in a

pulp of S.G. 1.48, containing about 52 per cent solids. Volume 176 cubic

feet per hour or 22 U.S. G.Lf:t. The solids sizing ranges fran 60 mesh down

to 30 microns.

Feed Intake: About 4 feet below the bottom of hydrosepaxator, Item 17,

giVing a positive feed head of some 10 to 14 feet of pulp of S.G. SD(f 1.45.

Feed Delivery: A short downhill discharge pipe about 8 feet long with

2 or 3 feet fall.

Dorr Oliver pty. Ltd. recommendation to be obtained for this single pump.

Shut Down Procedure for the Three Hydroseparators.

77. The shut down at the end of each shift (day) and over each week-end vlill of

course find all three hydroseparators full of pulp. No. 1 and No. 2 degritters

will each be holding 2,550 cubic feet of pulp containing 40 tons of solids largely

-30 micron kaolin. About 70 per cent in the case of No. 1 and 50 per cent for

No.2. If allowed to settle these highly dispersed solids ,{QuId certainJ,y pock

tight into a hard lo,yer 3 feet thick. It will therefore be best to keep the

rakes running in both degritters throughout the 16 idle hours daiJ,y and recirculate

the urderflOVl of each unit back to its feed well, for which re-xouting a simple

splitter box will be provided above each degritter. On plant res1.1r.lption each

morning tho pump discharges are re-diverted to their normal delivery oostinations.

The same procedure could be followed over the week-end, but more likeJ,y both

units will be shut down for normal inspection and maintenance. The rakes would

be raised 3 feet or so just before stepping, and the unoorflow shut off fran the

diaphr8.g)ll pumps. On restarting tho pump discharges are diverted to recirculate

back tc the feed .vells, and tho settled solids loosened with compressed air lances.

The rakes are started and gradually 10'ilered to their normal bottom position, a

process that will take an hour or so of considerable patience and care. Meantime

the overflow of Dorr classifier item 9 vlill be accumulated in the surge tank until

the degri tters are back to normal and ready to take new feed.

78. The 8ituation with the scavenging hydroseparator is simpler. At the end of

the day, pumping of its underflow to residue disposal is continued for 15 minutes
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or so ai'ter which the rakes are raised several feet and stopped. The pump is

then stepped, and the tl1nk left three parts full of pulp for the soliaJ:! to settle.

Being gramlar and large],y denuded of kaolin these solids will not pack tight so

next morning the rakes can be restarted and gredual],y 10'irored without trouble.

Item 19. Final Trash Screen.

79. This screen is the final trap for the removal of the last traces of wood

wool, vegetable trash and plus 200 mesh tramp oversize from the degritted kaolin

slip before it enters the finishing section. The soreen used. by all the South

Carolina, Georgia, Florida kaolin recovery plants is the SliECO made by the South

Western Engineering Co., 4800 Santa Fe Lvemle, Los Angelos 58, California. The

size they use and the size reconunended for S.M.C. is the stainless steel 48 inch

diameter unit, 348588 "Vibro-Energy Separator" fitted with 230 to 250 mesh

stainless steel cloth, and 1 H.P. motor. It was selling at ~2700 December 1961,

exclusive of screen cloth. The screen !:las no ronl work to do in tho way of

oversize eliminntion - in fnct it is quite unnble to cope with more than trace

amounts of oversize though it can pass the 20 micron kaolin slip through its screen

nt a deluge rnte. Its primary tnsk is that of policeman trapping the last trnces

f- of contaminntion including grit coarser thnn 200 mesh. To make certain no plus

200 mesh grit gets through - the specificntion does not permit nrw in the sale

kaolin - a screen cloth rnther finer than 200 mesh is chosen to allow for aperture

wear. Given an even feed and only trace 8lllounts of oversize the screen will

require no operator l1ttention nnd the only maintename is replncement of screen

cloth. The only indicl1tion of screen cloth life is a S'ilECO Catalog reference to

a unit which handled 50 U.S. G.P.M. of coating clay slip 70 per cent solids for

evcr 10,000 hours without change of screen cloth.

Feed: 5.7 tons 20 micron kaolin plus 10.3 tons wnter per hour, equiValent

to 4-50 cubic feet of pulp 36 per cent solids, or 56 U.S. gallons per

minute. This task is well within the unit's cnpacity•

This canpletes the Degritting Seetion equipment.

llil!!. 20. Stornge Agitator for Deqitted Kaolin Slip.

80. This first unit of the finishing section receives the screened degrittod

kaolin slip over the da;y shift operntion of the degritting section, and spreads

it over the 24 hour operntion of the finishing seetion. The designed dai],y

production of slip of 36 per cent solids density is 4-0 tons kaolin in 72 tons wnter,

a total volume of 3150 cubic feet produced at the rate of 4-50 cubic feet hour],y

ever 7 hours. Should the density fall ns low ns 31 per cent solids for n shift -

this sort of accident will occasionally happen for some hours - the figures grow

to 4-0 tons kaolin in 90 tons water, or 3750 cubic feet at 535 c. feet per hour.

This accidental volume must be provided for.

A concrete or M.S. tnnk 23 feet inside di8llleter would hold 4-16 cubic feet

per foot of depth, or 3750 cubic feet with a 9 feet working and 10 feet overall

depth. A bottom slope of 2 inches per foot to the central discharge core would

permit emptying to dryness when required. A 2 or 4- arm rake mechanisn 20 feet

diameter driven at i tc 1i R.P.M. by a 3 H.P. variable ratio-gear motor should be

adequate to maintnin suspension. But these details will be specified by the

manufacturer of the equipnent for item 20 - either Dorr Oliver Pty. Ltd. or

Denver Equipnent Co., to whoo this storage problem should be referred because of
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their long experience. Since the slip will be mild1;>r aJ.kaline the rake genr and

four or more vertical anti-s"irl baffles attached to the tank walls can all be of

mild steel. But added insurance against ncn staining would be a heavy coating

of bitumen, or a rubber coating as applied by Dunlop Rubber Aust. Ltd. (as was

done at Mt. Morgan) to all steel surfaces. Prevention of swirl by deflectors

is essenti<:l for lar,,-e steel tank agitators of this type, otherwise the rake anns

will soon build up a wave of destructive potential. Likewise it ,-<ill probab1;>r

be necessary to steail,y the rake shaft bottom end in a step bearing filled v<i th

mercury.

81. Tpis agitator would be emptied between 8 and 10 a.m. ench morning, and be

full by 5 p.m. each evening, remaining full overnight and over each week-end.

The rakes must be kept running while there is kaolin slip in the tank. Ii short

stoppage would create no problem but a length,y stop - as due tc long power failure

- would result in settlement of the kaolin into a hard compacted l"'fer requiring

much compressed air lancing to loosen it. Provision will be required for raising

the rakes several feet above bottom for such a situation. The re-lowering v<ill

require care and patience to n.void tWisting the shaft. It would be better to* provide against a length,y povmr failure by installing <: stand-by petrol driven

generator, which would automatical1;>r cut in to keep this agitator, the h,y"dro­

separators and their pumps in operation.

82. Final1;>r all oil and grease on the raw mn.terial in quarry and elsewmre will

end up in this agitator, floating to the sU['face just outside the feel well. It

will need to be confined by a froth ring of considerabl,y larger diameter than the

feed well, and dipping 3 or 4 inches below water level. Floating scum ean be

removed periodieall,y by a hand operated lItlCtion lance.

Item 21. Centrifugal PumP.

83. This intennittentl,y operated pump is required for rapid transfer of batohes

of slip fran No. 20 to bleach tanks item 22, or ma,ybe direct to heating tanks

item 25. Each batch to a bleach tank will amount to 1050 oubic feet (6560 gallons)

of 36 per cent solids pulp, or as much as 1250 cubic feet (7810 gallons) should

slip density have fallen as low as 31 per cent solids. .f,. 4 ineh (delivery)

Warman rubber lined centrifugal pump speeded to deliver 300 G.P.M. of pulp S.G. 1.3

would require a 10 to 1~ H.F. motor. Such a pump has a 6 inch diameter intake

and would be fed from a conventional feed box supplied by a 6 inch pipe from the

bottom of the agitator No. 20. This underflow pipe, carried in a tunnel for acca:lS,

would have a 6 inch plug valve at the agitator end, with a compressed air inlet

between valve and agitator for clearing any blookage.

84. A 6 inch galvanised discharge pipe rises 36 feet vertical above the pump,

and then continues on a slope of say *inch per foot for about 75 feet to the

6 inch header over the bleach tanks so as to druin olean into them. The 7 cubic

feet of pulp in the vertical section, the weight of which will be taken off the

pump by supports, will drain back through the pump into the feed box. Ii by-pass

back to the agitator will assist in getting settled solids back into sUspension

after a break-down, The 6 inch delivery pipe gives a velooity of 4 feet per

second, which is more than ample, and 20 to 25 minute s will be required to oharge

each bleach tank.
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Item 22. Batch Agitators for Bleaching.

Bleaching Tank
No.2 No.3

8 a.m.M' 8.:;0 a.m.M 9 a.m.M

9 a.m. 9.30 a.m. 10 a.m.
2 p.m. 2.30 p.m. 3 p.m.

3.3Op.m. 4- p.m. 4.:;0 p.m.

No.1

8 a.m.M
4 p.m.

Bleached slip starts feeding to
filter heating tanks • • • • •••

Tank empty. • • • • • • • • • • • •
Tanks start filling from storage No.

20 • • • • • • • • • • • • • • • •
Bleaching starts after completing

chlorine input • • • • • • • • • •
Bleach ends after 5 hours contact •
Antichlor treatment and testing

canplcted • • • • • • • • • • • •

85. Four bleaching tanks are required, each holding 000 third of the day's

production of degritted kaolin slip, the fourth tank being necessary to bridge

the overlap in the operating cycle. Each tank is 13' 6" diomter by 10' deep, and

holds 1250 cubic feet of 31 per cent density pulp at 9' working depth. Nonnal

contents at 36 per cent solids will be 1050 cubic feet, and 7' 6" depth. The

details of their construction and type of agito.tor mechanism will have to be

decided in consultation with I.C.I.A.N.Z. Ltd., as will the method of injecting

the chlorine gas. Siree chlorine gas is a very seriou.s health hll.zurd these four

tanks will be in the open air with only an umbrella roof to shed rain. They will

have cevers to confine the gas and e:xx::lude wind blown dust. As the gas progress­

ively lowers the pH of the slip from 8 to 5.5 (O.D.I. p.26) the slip will chan@

from its initial dispersed state to a semi-flocculo.tcd condition, easing agitation

problems, but becoming irereasingly corrosive. Bleaching will be cheapest with

bottled chlorine gas (O.D.I. p.27), and so there will be equipment adjacent to

the bleach tanks for bottle handling and pressure reduction.

86. The following eycle will pcnnit bleaching to be done entirely on dayshift.

It starts with stora@ agitator No. 20 full of de gritted kaolin slip at 8 a.m•

Monday (M.T.W. for Monday, TuesdaiY" eto.), and with one bleach tank, sa:J No.1,

full of bleached slip also carried over the week end. Chlorine injection time

is assumed to be 30 minutes per batch.
~-;----~,,=.?=""'-',"?,":;-----;:;--;--

.'

•

•

Bleached slip starts feeding to
filter heating tanks • • • • • • 4 p.m. 12 p.m.M 8 a.m.T

Tanks empty • • • • • • • • • • • • 12 p.m.M 8 a.m.T 4- p.m.
Tanks start filling • • • • • • • • 8 a.m.T 8.30 a.m.T 9 a.m.T
Bleaching starts • • • • • • • • • 9 a.m. 9.30 a.m. 10 a.m.
Bleach ends • • • • • • • • • • 2 p.m• 2.30 p.m. 3 p.m.
Antichlor and testing completed • • 3.30 p.m. 4- p.m. 4.30 p.m.

Bleached slip starts feeding to
heating tanks • • • • • • • • • 4 p.m. 12 p.m.T 8 a.m.W

Tank empty. • • • • • • • • • • • 12 p.m.T 8 a.m.W 4- p.m.
Tank starts filling • • • • • • · • 8 a.m.W B.30a.m."{! 9 a.m.W'
Bleaching starts • • • • • • • • • 9 a.m. 9.30a.m. 10a.m.
Bleach ends • • • • • • • • • • • 2 p.m. 2.30 p.m. 3 p.m.
Antichlor and testing completed • • 3.30 p.m. 4 p.m. 4.30 p.m.

Bleached slip starts feeding to
heating tanks • • • • • • • • • 4- p.m. 'il 12 p.rn.Yf 8 a.m.Th.

And so on. The cycle is based on 5 hours contact with the chlorine (O.D.I. p.21

states there is no advantage in longer contact). For more than ~ hours more

tanks and a new cycle would be required.

87. This cycle shows the filters switching from one bleach tank to the next

precisely every 8 hours. But bleaching is on an 8 hour batoh sohedule while

filter feed heating is on a 3 hour basis (see item 25). By reducing the batch
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heating to a 2 hour 40 minute cycle to give 3 heating batches per bleach batch

the two schedules would be in step. But it is not credible that they would

remain in step for whilst there is little doubt that bleaching will soon operate

consistently within its schedule there will certainly be irregularities in filter

operation with such difficult feed as kaolin.

Item 23. Agitator Balancing Tank.

88. One practical solution to this reconciliation problem is to make the two time

schedules independent of one another by inserting an agitator tank betwoen bleach

and filter heating tanks. Into this balancing tank will go any bleached slip

still remaining in a bleach tank due to start refilling, to bc held therein until

needed to make up a deficiency in a heating tank batch. with the filter plant

operating trouble free and on schedule about 150 cubic feet bleached slip will go

into and be withdrawn from the balarping tank once each 24 hours, for which purpose

it would be positioned above the level of pump item 24 and be cOIlJJected through

isolating valves to both delivery and intake sides thereof. By trouble free

filter operation is meant that the designed provision. of 15 per cent loss in

filter running time is spread evenly over the three shifts in which case a balanc­

ing tank of about 250 cubic feet capacity would be ample. But should the majority
.f

of the 15 per cent down time allowance happen to occur on night shift, a much

larger storage space will be required to fre,", the related bleach tank for refill

at the beginning of the day shift. Some of this required extra storage will be

found in the bleach tank next in sequence to start feeding the filters at 8 a.m.

later in the morning. It will have some 2 feet or 280 cubic feet of vaclJJlt

capacity if the degr-itted kaolin slip is at the designed 36 per cent solids

densit',{. And since this tank is not due to start re-filling for another 24 hours

there will be time for the lag in filtration to be overcome.

A Denver conditioner of the simplest type 7 ft. diam. by 7 ft. deep, with a

working volume of 250 cubic feet, or an 8 ft. x 8 ft. at 350 cubic feet would mnke

a satisfactory balancing tank.

89. The weight of kaolin in a bleach tank will be 13.3 tons dry weight regardless

of density. The requirement of chlorino gas, n.ssuming the O.D.I. maximum rate of

0.5 per cent of the weight of kaolin, would be 15.5 by 0.005, or 150 pounds. If

introduced at the bottan of the tank the chlorine pressure wouJ.d have to exceed

the 4.8 Ibs. per square inch static pressure of the 9 ft. depth of slip of S.G.

1.24 for 31 per cent solids. JIr. Dawkins of I.C.I.A.N.Z., Launceston, advised

that the gas can be tnken from the cylinder through a reducing valve set at 10 Ibs.

pressure at 250 to 300 Ibs. per hour, so that 150 Ib". could bc delivered into the

bleach batch in 50 minutes, or in less time if a safe 15 Ibs. pressuro be used.

(Note that at 20 Ibs. freezing and polymerization cause blockage of the chlorine

piping). At the moment there is no information on how fast the slip will absorb

chlorine. The bleach cycle provides 30 minutes but slorer addition contirJUing

into the 5 hour bleach period may be better.

90. It is not presentlY known how"much of the added chlorino will remain unused

in the slip at the end of 5 hours. It will certainly be an appreciable amount

since considerablY more chlorine will always have to be used than the amount

actuallY consumed by the discoloration reaction. To elimina1E the malth hazard

and ease corrosion problems during heating and filtration of the bleached slip
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this residuD.l free chlorine will need to be destroyed by the D.dd.ition of dry

sodium bisulphite to the tank at the conclusion of' bleaching. The plant

laboratory technician will determine the optimum odditions of chlorine and

bisulphite, and check the blenched slip for quality before releasing each batch

to the filters. A batch that fails to satisfy the brightness specification

Will have to be pumped to waste unless a switch can be made in its position in

the filter feed sequence to permit bleaching to be resumed and continued into

the afternoon shift. Cl"arly the way to avoid the threat of such a dead loss is

to make full use of sampling guidance in the quarry. Note that chemical destruc­

tion of the excess chlorine may cause some degradation in brightness (C.D.I. p.24).

Item 24. Centrifugal Pump.

91. The bleached slip will be transferred to the filter heating tanks in 400 to

470 cubic feet batohes at .3 hourly intervals by a pump, probably a rubber lined

centrifugal, through corrosion proof piping, probably plastic, but possibly rubber.

This pump will have a by-pass delivery to the waste residue launder for the dis­

posal of a:ny bleach batch that cannot be brought up to spccificc.tion. It will

have another by-pass delivery back to all fo= tanks for the transfer of bleached

slip fran one tank to another. Its intake and delivery will also have by-pass

connections to balancing tank item 2.3. The pump would best be a duplicate of

Item 21 so that with a capacity of .300 G.P.IiI. in the 400-470 cubic feet batch

(2500-2950 gals.) could be transferred to the heating tank inside 10 minutes. .A

6 inch delivery pipe would have a pulp velocity of 4 ft. per second, but if this

size creates 8IJy problems there would be no material disability in the higher

velocity consequent on the use of a smaller pipe line.

Item 25. Filter Feed Heating and Flocculating Tanks.

92. These twin batch tanks provide the means for heating the bleached slip fran

cold to 1400p and then for flocculating it, this heating haVing the effect of

doubling the filtration rtlte and thus halVing the filter area required as compsred

with filtration of cold slip. Heating is done by injection of steam from the

source that supplies the dryer. The twin tc.nks operate alturnativoly, one heating

a batch while the other is emptying through the filter plant, together handling

each 24 hours 8 batches of bleached slip, eoch batch containing 5 tons of kaolin

in 400 to 470 cubic feet of slip, according to pulp density. Heating is estim­

ated to take 2i hours and to add 1J;- tons of condensed steam to the 9 to 11* tons

of water already present in the batch. Tho remaining 15 minutes of the 3 hour

cycle will be taken up with flocculating by addition of aluminium sulphate or

other acidifier. This batch is then switched over to filtration and a new

hoating batch started in the now empty twin tank. The main features and the

operation of theae tanks arc all based on Ballarat equipnent and practice, and

as a precaution their criticism should be aought on the final design before

canmencing fabrication. The source of the steflXll injection calculations is

Mr. Kuzniarski of the Launceston Technical College.

9.3. The equipnent consists of a single M. S. tank 16 feet long by 8 feet wide

by 8 feet deep vertical sides, divided by a central partition into twin 8 feet

by 8 feet tanks, both with pyramidal bottom 4. feet deep. They are lead lined to

wi thstand acid pulp. Each tank has an 18 inch diameter .3 blade impeller

positioned vrell do;m in the pyramid section, running at 200 R.P.M. (940 feet per
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minute) to lift (?) the pulp during heating but increasing if necessary to

320 a.p.i\!. during flocculation. Drive is from 5 h.p. variable ratio flPar

motors totally enclosed against steam penetration, and set at tank end clear of

splash. Each tank has two 4 inch steam header pipes with each header feeding

12 half inch down pipes delivering steam into the pulp at pyramid level. Header

and down pipes will require to be of stainless steel. The tanks have lead lined

splash tight cover panels and corrosion resistant hoods oonneoted to stacks to

outside air. These hoods will need to have oolleoting launders to oarry away

acid condensate clear of tanks and operator. The tanks are lagged to reduce

heat loss. The oombination of stainless steel and Ie ad in contact with the acid

pulp sug,,;ests a potential eleotrioal oorrosion situation requiring investigation.

94. This heating tank assembly is positioned well above floor level not only to

keep escaping steam olear of the filter plant and other 1'inishing section units,

but also to provide for delivery of the hot visoous kaclin slip to the filter by

@:,avity flow. The two pyramid bottans are fittod with 5 inoh bronze plug valves

and 5 inch pipes set on a @:'adient suffioient to ensure free flow of the viscous

pulp. Contact between different metals used in the tank assembly will need to be

o
fran 50 de!7Ces to 140 •

1,612,800 B.T.U.

18,144,000 B.T.U.

19,756,800 B.T.U.Total

prevonted by fibre insulating washers to reduce e100trioal corrosion.

95. The steam requirement is estimated to be 27,100 Ibs. per 24 hours (see para.

96 for caloulations) or 3,400 lbs. for each of the 8 heating batches. Assume

steam at 10 Ibs. p.s.i.g. = 25 Ibs. pressure absolute. This will be ample to

overcome the static pressure of the pulp, 3.4 lbs. p. s. i. Since 1 lb. of steam

at 25 Ibs. pressure abs. occupies 16.3 oubic feet the volume of steam per batoh

is 3,400 by 16.3 = 55,420 cubic feet and to promote maximum condensation and heat

transfer, injeotion will be spread over about 2i hours at 5.7 oubio feet per

second. 1. steam pipe volooity of' 200 feet per second is normal for a low

pressure drop so the cross section area of the injection dovm pipes would be 5.7

of 200, or 0.0285 square feet, 4.104 square inches. This would be provided by

21 half inch diameter pipes. So each of the two headers per tank woUld have say

12 half inch down pipes spaced about 6 inches apart.

96. The steam requireIlBnt for heating the slip is derived as follows.

Assume 40 tons de@:'itted kaolin @ 31% solids instead of 36% as in flowsheet

= 40 (90) = 130 tons pulp 24 hours.

Theoretical heat requirement to raise 130 tons pulp

40 tons kaolin = 40 x 2240 x 90 degrees x .2 =

90 tons water = 90 x 2240 x 90 =

•

Steam at 212 de!7Ces falling to water at 140 degrees F releases

970 + 70 = 1040 B.T.U. per pound.

So weight of steam theoretically required = 19 ·t:~~OO = 19,000 Ibs.

Assume heat transfer from steam to pulp 7afo efficient, then requirement

becanes 27,100 Ibs. steam.
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Items 26, 27, 28, Flooculant Mixing and Feeding.

97. The daily requirement cf' commercial aluminium sulphate is 1200 lbs. at 30 lbs.

per ton of' kaolin (O.D.I. p.28). Its cold water solubility being 3 lbs. per

gallcn a week's requirement cf' 6000 lbs. dissolved in 2000 gallons would be a

convenient week end job. Each batch of hot slip would have 50 gallons of this

flocculant solution fod into it through a rubber or plastic hose from a supply

tank above, troxmgh incorporation in the rapidly thickening pulp being aided by

prior speeding up of tank 25 impeller.

Item 26 is a lead lined M. S. dissolving tank 8 feet square by 7 feet deep,

equipped with a rubber covered impeller 18 inch dimneter drivcn at 200 R.P.M. by

a 3 H.P. vertical motor. The impeller shaft also must be rubber sheathed. Two

8 feet by 2 feet 6 inch"s by 2 feet 6 inches rectangular stainless steel baskets

made of 10 mesh heavy gaug)e S.S. screen cloth sit on a lead ccvered grid of cross

members positioned 4 feet above the tank bottom. Each basket holds 50 cubic feet,

or 3,000 lbs. of crushed aluminium sulphate which weighs 60 lbs. per cubic foot •

A charge of 1,600 gallons of water will just flood the bottans of the baskets,

and by completion of solution progressive additions '7ill have brought the volume

.l. up to 2,000 gallons mark. A ~ inch rubber lined warman centrifugal pump t H.P•

motor periodically lifts a batch requirement of 50 gallons through a plastic pipe

up to a lead lined head tank positioned above the heating tank and provided with

an overflow back to the dissolving tank. This overflow could automatically trip

the pump motor.

Item 29. Filter.

98. Estimation of commercial filter capacity contains an element of' chance for

laboratory filtration test figures are notoriously hard to translate into probable

commercial performance. No firm recommendation for filter equipment can be made

at this stag)e - there is need. for more information on filter types in use in U.S.

kaolin plants, filtration conditions and unit area capacities achieved, and a round

table conference to interpret and condense this data into a unit that will meet

S.M.C. requirements. As frequently warned in previous paragraphs there will be

occasions when the density of the degritted kaolin slip falls below the designed

36 per cent solids - perhaps to 31 per cent. AS a safety measure therefore the

filter should be able to cope with 40 tons kaolin and 90 tons '7&'oer in 130 tons

slip per 24 hours, a pulp volume of 3,750 cubic feet. ~'ortunD.kly the research

investigation filtration tests were done on slip of 30-31 per cent solidS, and on

slip heated to 140~ they indicated a filtration rate of 9 lbs. kaolin per square

foot of cloth area per hour. The cake so produced retained 46 per cent mcisture.

At 9 lbs. a cloth area of 415 square feet is indicated for a filter running trouble

free 100 per cent full time - a situation unattainable in practice - or 5,000

square f'eet allowing for 85 per cent actual running time. This suggests a drum

size of 10 feet 6 inch diameter by 16 feet length. The cake will be sticky and

very thin - of the order of 3/16 inch thick - and the problem of reliable contin­

uous discharg)e by scraper will be accentu<>ted by the likelihood of a large drum

developing distortion from <> true circle, and requiring periodical restoration to

accuracy by shaving with a tr<>versing chisel. Some other method of cake removal

is indicated.
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Filter Overflow Return Pump.

99. The pulp level in the filter feed will occasionally rise to overflow level,

requiring sane means for returning the excess to the heating tanks. This over­

flow will be hot and viscous, unsuitable for handling with a centrifugal pump.

Ballarat appears to uSe a gear type pump. so their advice should be sought on the

point.

Item 31. Filter Cake Conveyor.

100. Since the filter cake is to be dried in its flocculated state (H.K. Turner's

letter of 1/2/63). it will be unsuitable for trnnsfer to dryer by pump. Even if

its feed level be low enough - or the filter be elevated - to allow the cake to

drop vertically on to the dryer. sane modified form of blade conveyor of the log

washer type will probably be necessary to reconcile cake discharge and dryer feed

widths.

101. This item also remains unspecified pending completion of current enquiries.

Present indication is for an indirect steam-heated dryer of the type in use at

Titan Products Ltd•• Blythe (H. K. Turner's letter of 1/2/63).

102. The approximate quantity of steam required to dry the filter cake can be

derived as follows:-

4D tons kaolin filter cake 4(% H20 = 34 tons water to be evaporated per

24- hours.

To raise 40 (34) tons per 24 hours fran 50 degrees F to 212 degrees requires:­

For 40 tons kaolin = 40 x 224-0 x 162 x.2 = 2.903.040 B.T.U.

For 34 tons water = 34 x 224-0 x 162 = 12.337.920 B.T.U.

~'otal 15,240.960 B.T.U.

-.
'(--

Item 32. Dryer.

•
Then to evaporate 34 tons water
at 212 degrees to steam at 212
degrees requiring 970 B.T.U. per lb.
= 34 x 224-0 x 970

Total heat theoretically required for drying

Steam at 212 degrees required = 89'~j6·960

Assuming dryer heat transfer efficiency
70 per cent. steam required

= 73.875,000 B.T.U •

89.115.960 B.T.U.

= 91,870 1bs.

= 131.240 lbs.

Total Steam Requirement and Fuel Equivalent

103. This is a convenient point for collection of the steam requirements into a

total figure. and for calculation of the approximate amount of fuel required for

genoration.

Total steam required:

27,110 lbs. heating + 131.240 lbs. drying = 158.350 lbs. = 70 tons water

24- hours. or 15,680 gals., or 6600 lbs. steam per hour over 24 hours.

Coal required:

To heat 1 lb. cold water fran 50 dtlgrees F to steam at 212 degrees

requires 162 + 970 = 1132 BoT.U.

To heat 158.350 lbs. water from 50 degrees to steam at 212 degrees

requires 152.850 x 1132 = 173,026,200 B.T.U.

Coal at 10,000 B.T.U. lbs. amounts to 17.306 lbs. = 7.7 tons at 100 per cent

boiler efficiency.
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At 80 per cent efficiency fer modElrn steam generator = 9.6 tons coal/day

At 50 per cent efficiency for old type Lancashire
boiler = 15 tons coaJ/day

Say 10 tons p"r day or 2,500 tons per year ~ at 80 per cent boiler

Oil at 18,500 eq. 5.4 tons per day, 1350 tons) efficiency, and 70 per cent

p"r year. ) efficiency of units.

Note: The coal tonnae;e used in paragraph 28 for the preliminary estimate

of production cost is 65 tons weekly, based on a conservative

60 per cent boiler efficiency for S.M.C. circumstawes.

105. Considerable thought will have to be directed to tm choice of the best

means of elevating the hot dry kaolin from dryer into a bulk storage bin. An

endless screw conveyor-elevator, or a Fuller-:K:;yIJ¥on pump as used in cement plants

are two possibilities that suggest themselves, and there are other specialized

units in use in U.S.b.. Whatever the type it will have to be totally enclosed

right from dryer to the junction of its discharge chute with the bin cover in

order to lreep the vicinity, and in fact the whole plant, free of kaolin dust.

The tine dry kaolin is a prolif'ic dust producer, and must be hermetically scaled

within walls right from dryer until encloscd in the bags in order to maintain

clean healthy working conditions that promote harmonious labor relations, and

comply with Government Hcalth Regulations.

Government Boiler Regulations

104. The use of steam in Tasmania is governed by regulations \1hich require the

steam generator to be under the control of a certificated boiler attendant unless

and this is the sole exception - the generator is an electrically heated

fully automatic unit. Apart from an odd over-age man thore arc practically no

floating certificated men available. Hence steam users train their own to

examination standard, with the co-operation of the State Machinery Inspector for

the district, and naturally train sufficient reserve men to provide for emergen-

!. cies. Being a certificated man his failure to report on shift would shut-down

the dryer altogether, reduce filtration rate to half and, within a few hours

reach back to shut down the Degrittin(; Section for lack of dElgritted slip storage

room in the Finishing Section. The boiler attendant is thus a key man, and a

negative decision caning fran him, or through him will quickly bring the 8.M.C.

plant to a standstill. Regulations permit him to perform other tasks provided

he is always within reading distance of the boiler YiB.ter and pressure gauges.

Oil fired semi-automatic steam generators allow him to be used on a rather

greater range of jobs in the vioinity.

••
~

• Item 33• Dried Kaolin Conveyor-Elevator.

Item 34. 35. 36. Bulk Storage Bin for Sale Kaolin.

106. The capacity of this bin should be not less than 80 tons or tlvo days'

production, and the volume necessary to provide this will depend on the figure

talron for the weight of a cubic foot of the kaolin as delivered into the bin.

This will require some research. Its shape should provide a pyramid, or conical

bottom to form a suitable junction with an automatic bagging machine. It will

wed to be totally enclosed and sealed against dust escape, and to be connectcd

to a small exhaust fan for removal of thc steady inflow of air accompan,ying the
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incoming kaolin. This fan would deliver through a nest of SL1all multiclones

(Dorr Oliver Ltd.) sitting on the bin cover, delivering the recovered kaolin back

into the bin through a motor driven multivano rotary valve seal, and discharging

practically clean air to outside the building, Kaolin recovery by these high

velocity cyclones would be about 95 per cent. Operation of the bin under reduced

pressure of a few inches Ii.c.. in this ma.nnor would de-aerate the kaolin and so

increase the holding capacity of the paper bage,

Item 37. 38. Bagging.

107. The paper bags ueed at Ballarat are understood to hold onJ,y 60 Ibs. of

dry (and probably considerabJ,y aerated) kaolin. On this basis this is probabJ,y

the weight of one cubic foot in this condition. On this basis also the daily

40 tons at S.M.C. would need 1500 bags requiring the filling and closing of 4 bags

per minute over 7 hours of the day shift. De-aeration should appreciably increase

bag content, and to that extent liberalioo this tight bagging schedule, but even

so a larger bag seems necessary. Automatic bagging equipnent for dust free

handling of such fine material undoubtedJ,y exists, and will need to be obtained.

The bagged kaolin could be moved from bagging units into storage by a belt

conveyor, but the use of pallets, loaded at the bagging site and stacked in the

store by fork lift truck looks more practicable. An examination of bag handling

and storage in cement plants would be worthwhile.

... Item 39. Bagged Kaolin Storage.

108. S.M.C. seems to be the best place for holding the whole stock of bagged

kaolin. The space needed will be determined largely by the railway time table.

The store could consist of a concrete floor covered by a single span roof project­

ing beyond the supporting side columns to form side verandahs of generous width.

End walls, but no side walls. The fork lift could then progressiveJ,y fill one

sido free of interference while the transport contractor is emptying the other

side, working under the verandsh. Facilities will be needed to enable the

contractor to pick up the loaded pallets at S.M.C., transfer them into rail

waggons at Herrick, and simultaneousJ,y reclaim returned pallets from the same

waggons. No bag storage at Herrick.

Plant Laboratory.

109. FinalJ,y, the Departmsnt of Mines Research Laboratories in Launccston will

be the best source for advice on the layout and equipment of the plant control

laboratory, and for the devising and establishment of each of the routine control

tests that will be necess~ in plant and quarry. A suggested position inside

the plant for this laboratory is shovm on the la,yout plan.

'" .'" '" .'" ... '" '" '" '" '" '" '" .'"
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32 , , IJryer Provably /ndm?et sliam hent fvpe f"" el""lIIaliM fellloinl/18 water from floc:ulalid pileI' o:>«g, l1I€Pm 601i»", do;/"

I E/ev/;/'''' L L-" I Ii, , 'I
33 IJty kaa '" i'ik I "nv.~" F"r /'rcm<{eYl"lnj 110, d'Y /<POlin I,.m dryer r. brn.34
34 • • Bin Tctot~ellclo,"" bulk .s1ol'Ofjehm, IJlldo' lIejQllve pre:.s1J161c pm,,,,t e=je <I dust STdltllto;;eOlJsly deauolfs /h. kof.,
3S Exhaust Fim E:xha"s!s owenftrlll9 61/1 WIll.. Me /<aol",
3" 'C':fClone Small h"" "'Iaci/:j cyclOile-1O 11'<ovev kaallll dvs' alld dts-h,"'f< cleon bm e~houst air ID aliI/OS!,her..
37 " " l3ogqll'J J(/Q,h",e Au IOlIIof;'C machine /tll,ng olld c/osmg po»e.. holJS
38 BofJ'led Kaolin t FOrI< IIff tlUcK For handlmJ pall.ted bagged kool," lilt. slo,.c
3'1 (I /I l t store , 73ul/< sl6,'e lor ba!fJed X.tJOhkl

40 SIea/1.( 3: Genera/L. I:;1"a.'1 1''/ heal1l/9 /Ute,- fted olld dry"'r Itlf., coke

1'r<JdllCt 1f:! 7i:; ~~ rt llmr FU>7cli"",..,
""~

I Ro", Clay SllJek!>ilt. Stores 18000 cub. yds. raw clay at plant foY wmltr sa/#y
f • Raof«! ditto Stores wal. laoocvb (,S d,y roW clay10r/"~1.ff/wetr>!"an"r
3 • 17 4'3 FE Load,r HolJrZ delivm 17CIJ yds fll w clay 20%/>10; yre r.4

~ " ll!edNo)#r "".cos day 0,,10 eol)YeJo0rat IJnlform m/i
• " " EI.voits Yaw c/"y to a'll o/Ors

flo", clay 17 4·a
6 V/spe1'S(1II1 -os O'B ASI t.to... Slurry and dls!"rse /h. row clay

~~v:.::ol(r 6'Z
a,,"p 17 I".• I~..I""

I~
Dls!>."",n/' ~1s;'J!.w:'t:~j 7i-1fI1 d,s.st>/, I 0 O~/loro~IPlJmp aNI head mnk foY" mel!r/lf9

It. "~ ° scd,Vnl st!t((J'" 0 li!CJrry In 6•
F9ed /7· 1/·3 638 60

ICvo.rse d~r,"'r dlic6rd,,~46Zoflhe rowdayas cleall '/Uar/J 9"t +60mesh9 "'ew Wor.riipro.y ~·7 Rake
RelVm Wafer 2·0 Clossifter .a"d aver OWII'!] -(;£J""sh gl-"ty kao/", slu,.ry
(j,.ir Rej«t 70S 2·2 ,.
~" -;, I0., .... L9( I"" .'

10 reed • • . .. ;rash5cteeJl Fixed ~reen ora Ifomme/ e./lmi/lo!illfj vegeJafle. /,lirCiudrtxJl, lom.s~un'Y'
II • , " • • Ag~,'.~~'- bUlle lO,l/< ClJslll'o",y, /11101 degYllkrs oj<lInsf v<fY/olron of /heirfettI
" "

, .. , · M'j' Me eys olld elevates. S /lr'ry from If mlp /3
Fe~d q.;

13'81 626 40 ,
/3 Overf/~~, 2·2$ ~;'16 ~ 3b HydYriS<FoTir N°I Fin. D<9rtiter overflowlll3 d'Jnl/M kaoli"sl'p,IJIlr#1Iowll1!1 qrtlly !<rio/III ~

< 1"..

11A. R",I . ., . • I P.,,;;h" l Meiers ullderflow ,esttlue ~lJf 0113 alii! ekvofi.s rt1,.(615 for Ye/rearm",,!
Feed 6'65 2'641401 3'$ I

10 Overfl~,;" 2·g. S'/6 2>5 3(, I!ydrosefc"'''1'''2 An. DeJYlIt", overflews secol'dCnf olkoolinshp, Ulld,.flows grttrodue slillCOI/IOIP:,?
'.0 ,.~01 ,."c ,,,,

Ih C':..A
, .. .. I .. , 7=1••,,, lelil< lesldue aul aliti'. df/fllenll8 ,i,itt.fly Iireslffue dlsfcsOI butIn fuluie prria/;{'11D

Feed H ..", 176 52

17 New wore 2'0 I rydhlS<'f"I'or. FiJJi,re und-Io wash ouf remdllllnJ usahle kaob" frOlIl ISUNderflow If and when opel'oli,i
Overffl)VV ? 2'" fovorable eCOllomiCS. .

I •.• ,.",!17~ '.<2

18 Feed "L" f "J Pump liutfnfove washed cleoN-G;.omesh so,,~d residue vndeYflCMI (romlT ol1ddtltwylOrecl
19.. Peed . S:I 10'1. 1$§~ 36.L~._ $,b~CN!?§O "'ed! S;~'IlJ:lJ iQ.~ /i'oJH4..!Jot olldrege/Mk /fq;h$:mL.sa/e ko

..

19

De!i"II.d /(0"',1 40J"g)1!!.I/r .

~-~.23t4J~~r-~::__

113 (0'7)

AI

fiNISHING SECTION
OperalingM·hour;; dody sdoys weekly

Produces 40 IOns bo;r;erls"lek"obndOiIy

I

I
IJEGRJTTING SECTION

Operan;,g 7 hov", dally S days weekly.
.Deg'lls 120 cub. yds = rons raw cloy dOily.
f*odrJce..s 4OloflsJ<aolm fJ7 72 rom; walirr:hl/;.

Hou,ly ronnnqes s,Msl!lO/i,,): 170"3)
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ABERFOYLE HOLDINGS

Establishment of Operations in Terms of Time and Finance

DORSET KAOLIN DEVISION

SCHEDULE 12 (e)

284:!34

1963 QUARTER EN DING 1964 QUARTER EN DI NG 1965 QUARTER EN DING
PROGRA M M E CAPITAL REMARKS

March 31 June 30 Sept. 30 Dec. 31 March 31 June 30 Sept. 30 Dec.31 March 31 June 30 5 eDt. 30 Dec 31

FINANCING
~--

-
f------- -- - --- -f--- . ------ -- .- - . - - - 1-------

PLAN DESIGN 2000 2000

I
4,000

- - - . .- . --- - -------- -------

TENDERS CALLED
-

-1--._-
-~-- ------ -- --1-------------- --_._- -_.- 1----- 1----- ------ ----- -- --- - --

SITE PREPARATION 2000 2,000- --I-f--------- ------ - ---- -_. -----_._- - - ._--- - - -,--- -- - ----- ----- ---- - ~-- - - -- .. ------ - - - -- --------- ~. - -- -

WATER SUPPLY 1000 1,000
f------ --..- - _.._-.- ----- - .. _. _.. - ---- - -- ._._. -- ._-- -- - +- - -_."

POWER SUPPLY 1000 --t PRODUCTIVE
1,000

- --- - - ------ ._- _..__ . -----1-----.-- - --- OPERATIONS _ -- - -_.------_. - - -_.------ -. - - - ----- ._----- ------ "--0 ._-

ROADS 1000 i 1,000
- - - -- -- -- - - ---- --- - .- - - - _. - --

22000
----~-- ------- ------

PLANT & ERECTION 20,000 50,000 92,000

-- _.- .-

BUILDINGS
4000 I 4,000: _._--- -------- - --_.- ---- - -- -----_. _.

!
--~----

_._- --

HOUSING = 11,000
._- - ----1---- --------- -- ----- -------- ---- -- .- - - .. -~- -

By
MINING EQUIPMENT 5500 5000 10,500 IAJ~~~~.ge~ent,

CONTINGENCIES & STORES 150bn 15, 000

8 5~0
--- f-----

ACQUISITION OF TITLES 8, 500

10,0'00
--

WORKING CAPITAL 10,000
- f---

I

i

EXPE NDITURE 2000 7000 31,000 59,500 60,500 ~160, 000

QUARTER ENDING 31.3.63 30. 6.63 30.9. 63 31. 12.63 31. 3. 63

~ - Housing -...(11 000 takeover of Houses from Dors e t Dr e d 9 e

_._. Indicates commencement of productivtl optlration

Indicates period of time for each segregation

/ ...-- 7/ v---
IY. j~ , "

/
,

/
MA.I. M.M .........
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AREA "A'

DIVISION

\- -300'

TIN

0110 H
18/79

DORSET

----------========TO GLADSTONE--+-

KAOLI N PROJECT
BROWNS AREA

+1.

l.9S
21/77

loiS
:19/76

....

1. 18
14/70

118S A6S ~
18/78 17/74

0126 \+11
26/J8'l·l

AI2S r--· - _
IJ/76) ~_

_l--/-'C-.---- ARE A B--- ./'---- - ------------'

/
/

./ . "/..-- : ~. v
: ~ :

:: q,'" 1. Ii; S
:' 0 .:17/76

.: 112~··

.: .24/75

:' 113 .. '

Z75'

------

'.

LEGEND

o 6" Sid. bore

" S'Hand bor.rA.PRM)

o 16'Conrad bar.

I
(
\

. +185
". 12/72

0125

+19

l +13

~--~....... _--~, -~'

/'
/

+15/

/" A22
1.17 -/ 1.5 412 7{77"

14/68 /' 17/77 25/74 ............ ""'--

/
loll "

24/76 0101 H .

~
15/77 .. 1.30'/'

1.16 1. • . . . . 14 80 .

24r68 6/78 AIO 4~/78 .... ···~·lJ~.... ·· .... \"
O C 2 '~/7·~ .' 2. . .

1.3 CJ v .. ' I1lJj76'" \

\

20/78 45/76 O~~!78.... · 0100 H... · 625 -+----t-\-----
112 1119.,·· .' jO/ '16 1J/80 +31 \

d . '30/77, .. '
\ ~23177 l19 / •. ' .' 0102H Xd

300'-'-------------\~- ~ 15 f:·t-I ..... ·• 14/76 426 \

\

111. 116 / .' "0 ~ ... ' 0105H 16/77

~< ~o;::....... 20/77 A32 I
117 1120 0 10. H 14/78 \
25/70 "J8/76 . 15/76

" ............
............

Leose peg S. W. corner

12 M/59 (5 ocr.. J
........ 0

~G 581-'\-IO....,€.

54~CBb,....,N

+ 116
25/75

PUBLIC

+110

+117

+ 112

+ III

+105 + 106
20/74 25/73

+10. +102 + 115
25/71'1. 25/80 012. 25/75

+100 50/75 +11. I
25/~~~';1 5.. 2475/

+10' "./51781.' .
.J 0 + 113 - •.-.,.1<------- ARE A 'c'
",""0. 7

'. <" '. /

,-3<. ..., .
',c. "
:~'.

+107

+58 S

+108

--+14 - __

+109~ +105

"'-

o +37S

"" -""MG 561 42.0'Ylt: , 5459 bOOry-, r-J
Leo.e peg S.W. corner

7 M/ 59 (10 ocro. J

---------,
I
I
I
I

ENDURANCE KAOLIN DEPOSITS I
I
\
\
\

_-------..J---

-+- TO 5TH.

R HARE & ASSOCIATES

Drawn, 8. L.

Prepared,
Scm

SCALE: IINCH- 100 FEET

REViSiON
•. I· 65Dote,

+ Dorsrf s""borrs

20/78 D.plh t",/ Bril]hn...

-300' Contour lin.

AMG REFERENCE POINTS ADDED
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SCHEDULE H

LOCALITY PLAN

Scol~: I Inch - 20 Chn.

Are:o

PROJECT

10'71 M

LEG END

i

+ S· Hand bor~

o /6'" Conrad bore

o 6" Sid, bor,

KAOLIN

C.=J S~/~cted area

D 0 R5 E TTl N DIV I 51O~

SCOTTS AREA

14/82 D'plll ,ampl'd foot / 8rig!>t!""

-'<
.i!
L
L..:r

I

.B~
.;

.!?
(:)

~

(r AMG 51"\9(;,0..,.., € / 545boso~ N

)Y,
11 \ Dors~t housliZS and tinshe:d,,,,,

.----'ff'--,
I,

,'"L- ---,
""'I

/1
'I

"
"",,",1\ _

\\ Ii
"\\ 1 Scotts
Ii\-J

I
.;0~10074 M

I I

...._ 57%>90~" '7 '\, ,,
54S'f8€O",N' "'

"
"
"",,II,

I'
"""
"",I

"

+35

+48

+38

+ 5/~
880

+47

+39

+37

+40

+51
10/80

+28

~
~

10/88

+36

+46
10/85

+14

\

+33

+ 13

+45
8/82

078
20/80

. + 16
+61

+17 \
8/80

+44
9/84

082
25/81

+~I

1J/82

+18
11/82

+42
9/82

R. HARE & ASSOCIATES SCALE. I INCH - 100 FEET083
Drift

Prlparld: REVISION

I"
5cm

"IDrawn. B. L.

Dca: 2' I . 63

+12

+43

+11

+3~

10/85

+10
6/78

+ 19
-/80 60

+ /1/80
+26

+33
10173

+9
10/82

+32

+ 20
8/78'lz

+31
1481

+8
7/79

080
25/80

+21

+22
10/79

+7
15/75

+23
10/78

079
25/80

+24
14/82

+6
6/78

+25
~ 059 +30

~7611/80

------ ---- '-........ 062 +52
-<lS/767. 5/78
"'---...... +53

"'----

+4
14/74

+66 "­
Drifts '"

"'"

1/
I

I
I

/
I

/
/,

/

/"'"
/

+1/

/
/

/
1 ~~2

33/82

/
I

/

+3
15/82

/
/

~I
o /'<,

;"

.~ /
'4,

, /t
"I~ { +37 '-......... 13/77

, ""
I,

,
I

L + 63....
c:
0

a.

~

J

-N-

Scout borq: s

+2;;l
+25/80
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