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LAKE CAMPION ALUNITE,
HESTERN AUSTRALIA.

During the visit of the Copper and Rauxite Comunlttee
to West Australia, the Lake Campion Alunlte deposits, as a source of
Alunlne, were investigated,

. On the morning of Saturday, 20th September, 1941, a
visit was made to the Perth University. At the Ingineering School
an experimental rectary kiln on which calecination experiments had been
carried out was 1nspe(tcd. The kiln was not in operation, but the
method of caleination was explained to the Committee by Professor
Bayliss, and ‘the chemical results were discussed with Professor Bayliss -
and iire He Bowley, the Government ineralogist and Assayer, Af'ter
Inspecting the kiln, the party proceeded to the Chemistry School where
investigational work on the calelned alunite was being carried out,
and smell scale leaching experiments on the alunite, together with
some of the products obtained therefrom, were shown to the Committee,

On uonday afternoon, 22nd September, the Commlttee
met the Alunite Panel under the Chairmanship of lr. Fernie, Professor
Bayliss and lire Bowley were present at this moetlng, as well as rep=
resentatives of the Protash ﬂlum1na Development Syndicate and their
Consulting Engineer, ir. A, Fy B, Norwood. The following Reports
(copies of which are appended) were placed before the Committee for
their information:

(A) Qodd’s Report = This covered the boring and sampling
of Lake Camplon Alunite, The report wag un-
signed and undated and apped®dd to be an extract
from a larger report, This report postulates the
existence at Lake Camplon of 10 million cubiec yards
of alunitic clay containing 60% of "Alunite',

(B) CsBe¢ & I.R. Report No. 207 on Alunite from Lake Campions
This report covered Mineragraphic Investigations
carried out by IMrs Frank L. Stillwell, and was

dated 6th larch, 1941, It deals with the physical
composition of the Lake Campilon alunltlc mudo

(c) A A Report on the Lake Camplon Residues after leaching
to extract Potash and other soluble saltss It
was dated 22nd September, 1941, ond sizned bhape
Professor N, S. Bayliss, c -

(D) GEstimates of Plant and Cost of Production of Potash
(Sulphate of Potash) prepared by ir. A. F. B. Norwood
dated 19th nuguou, 1041.

Note:

(E) These Estimates (D/ vere subsequently amended and the.
"Revised Estimates" (copy attached ) "E" were handed
by Mr. A. F. B. Norwood to Mr. Ii. J. Hartin in
Melbourne on 5th Jamuary, 1942

Further data was supplied by Professor Bayliss
and lMre. Bowley on both the chemical composition of the alunite and
various products. Mr. Bowley exhibited a boring diagram of the
Lake Campion which, in part, supported the Dodd's Report (A) as to
quantity of material Jvalldb]e. Mre. Bowley had restricted his boring
programme to & £t. depth, and on the evidence in his possession, was
only prepared to assess the alunitic mud available as two million tonse.
He made it clear; however, that this did not mean that a much larger
tonnage was not available.
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- On Tuesday afternoon, <drd. September, further dig-—
cussions took place with Professor Bayliss at the Chemistry School,
particularly on the type of alumina extracted from the residuesi
Unfortunately, no samples of this alumina were available for inspec=
tion, it being pointed out by Professor Bayliss that the work had
g0 far been concentrated on the Potash Salts, :

. The position with regard to the Lake Campion
Alunite Deposits may be set out as follows gm

Te Quantity: On the evidence submitted it is apparent that the
Alunitic Mud available in Lake Campion i1s not less than 2 million
tons and pro¥ably exceeds 10 million tons, :

¢ Physical Nature: An exomination of the imud suggests that it-is
in a very finely divided condition .and this is proved by the
Report (B), Ce S. & I, Ri No» 207, The actual particles of
alunite are somewhat smaller than the sgilica (quartz) with which
it is mixedy The Lake mud would at first sight apprear to
present treatment difficulties because of the fine state of

" division of the particles; but the calcination tests have shown

that if, after air drying and sultable disintegration, the '
granulated particles are passed through kiln then these particles
retain their forw duping the subseguent leaching aperations for
the removal of the soluble salts, end therefore no slime problems
are met with, ' )

Furthermore, on the investigations made by Professor
Bayliss the alumina in the residue appears to be readily soluble in
weak sulphuric or hydrochloric acid (Report "C" - Table II), Slime
trouble may be encountered if a high percentage of the alumina is
extracted from the residué by acid treatment,

A Another fact which has been determined in the cal-
cination tests and which may be, atgributed Ho the particular physical
character of this alunitic mud ig that the gases issuing from the
kiln have been found to consist of S0g; together with HC1  (hydro-
chloric acid) and the other products of combustion, The whole of the
S0g (sulphuy dioxide) evolved apparently is oxidised to S03 (sulphurie
anhydride) on Passing through the semi~calcined alunite which has
therefore acted as a '‘contact mass", Professor Bayliss, in Report
"C", suggests that the hydro-=chloric acid can be separated from the
S0z by selective absorption in water and sulphuric acid.

s Chemical Nature: In all of the reports submitted on the Lake
Campion-Alunites, the alunitic mud has been reported as con-
taining "X#%" (average 60%) Alunite, Only one complete analysis
of the Lake Campion alunitic mud is apparently available, and
that was supplied by Mr, Bowley with the commént -

"represents the average of the top three feet of the
nigher grade aAlunite.

The analysis is as follows:=

A1203 2542
Feg0p : - 2430

Nag0 + 54 - Lidineral Composition
S03 ‘ 2447€ ,

Hg0 1.1 Alunite 6442
Ho0 . 2oL '

P205. - [ « 15 Jarosite ?
Ti0¢9 ' A7

85102 ’ 19440 Quartz 18
cao w8

NaCl , 5y 36

99,9?
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If the alunite was Potash aAlunite, and the residual impurities were
only Silica and Ivon Oxide, then there would be no aprarent difficulty
in producing a relatively high arade Sulvhate of Potash from the
alunite. - The soluble salts, however, obtained on leaching the cal-
cines from the Lake Campion alunite, produce a salt of approximately
the folloving composition: :

&) Potassium Sulphate 5447% = (2945% K20)
k) Sodiwn Sulphate 27« 65% 4

c Magnesium Sulphate 104489

d)  Aluwninium Sulphate o 4448%

e) Calcium Sulphate - ' 1646%

f) TFerric gulphate , _ 0e15%

¢) Chlorine (as chloride) 0.66%

Professor Bayliss,

This complex mixed salt is produced becouse the Lake mud is saturated,
more or lessg, with & brine containing a large percentage of magnhesiunm
and sodiwn chlorides. Jhen the unwvashed but dried alunitic mud is
passed through the calcining kiln the salts from the brine react with
the 805 evolved during the calc¢ining process with the result that
nagnesium and sodiwm sulphates are formed and leach out from the kiln
product. - : ’ co

It was stated to the Committee that this mixed salt
could be used for fertiliser purposes, but as shown in the Table, this
product would contain only 29.5% KoO, which is the basis used for
evaluating potash fertiliser, For purposes of comparison, it may be
stated that imported potash fertilisers sell on the following basis:—

(1) Pertiliser Grade Sulphate of Potash (Kg804) = 4845% K0 .
(2) M. " dMuriated Potash (KC1) = 50%  Kg0

‘The gelling »price of Fertiliser Grade Potassium
Sulphate prior to the wor is set out hereunder,

Cost CeTleFe& Die gelling Price to Consumer

Fertiliser @rade . : ' :
Potassiwm Sulphate £12/8/- per ton- £15/2/6 per ton
(48¢5% Kg0) o . : .

Present Fixed Price ‘ ? £21/10/= per ton

. The Committee was informed that from the mixed salts

a double Sulphate of Potasih and Soda could be crystollised out, and
this salt would contain 78% KoS0y = 4245% KoOs It was also stated
that this double salt corresponded to the double sulphate termed
NGlaserite", It was further stated that this double sulphate was
acceptable for the Agricultural Authorities as a fertiliser material,

_ It wes proposed to separate the (laserite from .the mixed
salts either by fractionol crystallisation or by weans of flotation.
If this latter process could be successfully applied, 1t would cheapen
the cost of both plant und production. The nixed salts remaining after
the separation of the Glaserite have such a conposition that it may be’
difficult to separate sodiwn sulphate from them, as the sodium sulphate
remaining would most likely combine with the magnesium sulphate to form
the double sodium magnesiwm sulphate NagB80,+Mg8044Ho0 (Astrakanite),
As there is a market in the eastern Stafes for. sddium sulphate in the
form of Salt Cake for both the Glass Industry and the Paner Pulp
Industry (Xraft Pulp), a market could be possibly found for a’ large
tonnage of this chemicual, particuldrly under post-iar conditions. The
salt cake required for the Paper Pulping Industry mist, however, meet
the following specificatione ‘

‘Sodium Sulphate NaoS0, . - 96% min.

Sodium Chloride NaCil -~ 1e5% max.

Oxides of Iron & Aluminium ‘Qe5% M-
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Magnesium Sulphate is not usually found in commercial Salt Cake, and
iv is p“obab e that this would not be allowed to exceed 1% maxinmum
for either of the two lﬂduotlle above mentioned,
The price of Salt Cake is as followsy- -

Pre-War £6/~/= per ton max,

Present Price L7 [ ) : SR U "
As the calcination of the Alunite releases a-large amount of 503, 1t
may be possible to add Sodium Chloride (Salt) to the furnace charge in
sufficlent quantity to fix the S0y evolved os Sodium Sulphate, By tihls
means additional Sodiwnm Sulvhate could be able to be obtained from the
pProcess., "

The residues after leaching have the following approx-
imate composition: '

SALIPLE '"aY SAMPLE "B"

(calcination at 800° Ca) (caleination at 750° €).
Alg0y ' 46,035 | 47 47 5%
8105 T | 37144
Fo 0 ' Bed0 By59
Ko0 | 5.94 | }“5.18
Na,0 | 1,04 o
Mg0 | 0:28 ' 0429
Ti.0g 0498 | 0411
805 478 5499
P50 0015 0,10
@l | 0404

(sgd.) rrofessor Baylissy

From the analysis, it is obvious that the residue is very similar in
composition, in so far as the alumina and silica are concerned, to a
catcined aluminous 31ayﬂ The alwmina content, however, is much lowe
and the silica content nuch higher than is found in the siliceous -

Amst aWian Bauxites, An analysis of Victorian siliceoum bauxite
is as followgg~ s '
Run of lilne Ore Caleined
Alumina 4150z | 52% 70%
Iron Oxide Ieqlg _ 34 5% 447%
Titanium Oxide Tilg 4, 545%
Silica S04 15% 20%
Waton HQQ 269

. S An advantage of the calcined residue from the alunite,
aceo a41g to Professor Bayliss; is the ease with which the alumina is
salunlL in :Lc;cln This would give it from a process point of view, a
deffinite advanitage over the aluminous clay, and possibly some slight
advaniage over a LLLCGOHb bauxite., It is agreed that this residue
cannot be used for the produc ion of alumina by an alkallne process
such as the "Bayer! Uan some mechanical process, such selective
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flota ation, could be. employed to produce a hiih alumina=-1lowv silica con-
centitte. Therefore any processes for the eztraction of alumina from
thls residue must be Acid Processes, :

Aclids which have been employed are Sulphurlc, Hydro-chloric

Nitric and Sulphrous Acid (S0g), end also the acid bi-sulphates such as
Ammoniuim Bi-Sulphate. As a oon31derablb amount of investigational wrork
has already been done on the acid process of extraction of the alumina
from siliceous aluminous minerals abroad, it is as well to carry out
tests.on this residue with those process es which dppCJf to have been
used for the production of alumina with some measure of technical SUCCESEe

The acid processes for the extraction of alumina were 1nveot1pated and
reviewed in the U.S. Bureau of Mines Bulletin No: 267 published in 1927,
which publication is well knovm to both Professor Bayliss and Mr. Bowley.
It does not appear, however, that any of these processes have been put
into operation on a t@ohnlcal and .comnercial scale for the production

off alumina suitable for use in the aluminium reduction furnace. The
physical condition of the alumina is of as much importance as its
chemical composition for this purpose, and a study of the literature
and patent specifications indicates that it is most difficult to pre~ -
pare a suitable alumina, particularly from Sulphate of Alumina. - The
following processes are suggested as ones bmnr worthy of investigation
for the treatment of the iresidue: : ’

(1) Ammonium Sulphate Process: A process termed the Aloton Process
evolved by Buchner in Germany is described briefly in the Mining
Magazine of May, 1940. The comment made on thig process is aa
follows:

"The high cost of operation is due mostly to
losses of ammonia and large consumption of
fuel for heating and evaporations"

A process termed the White Lletals (Au%tralla) PtJ. Ltds PfOCeSu using
Ammonium Sulphate has been investigated up to the pilot plant stage.
This process was similar in some respect to the Aloton and claims to
have overcome certain of the inefficiency in the forme; process vhich
led to the loss of ammﬁnlr through decomposition.

(B)' Sulphurous Acid Processes: A process using SOg evolved by
Goldsmith in Germany is also described in the May 1940 Mining
Megazine, This, as far as is knovm, is the only process pro-
du01ng Alumina on a large - ocale from clay. The comment made on
it 1s as follows

"The principal advantage of the S.T: process. lies in the
use of cheap sulphurous acid. One dluadvantage is the
necessity for the repeated treatment in order to obtain
sufficiently pure alumina, The. double precipitation
influences the ultlm 2te recovery which may be. appreciably
less than 80%. ' ST

This appears to bé the only Sulphurod Ac1d Process evolved up
to the present time which has any poq 1b111tles of technlcal
and commercial successs :

(3} Hydrochloric and Nitric Acid Processes: In both Italy and Japan
ca congiderable amount  of investigational work has been done to
extract alumina from leucite, alunites and aluminous clayss: = A
oummary of some ~of the Japanese processes wWill be found in the
Mining Magazine for August, 1938, and in the case of Italy in the
Mining Magaz1ne for July, 1959. : :

From later 1nformatlon avallable, it -would appear that no large
scale technical or -commercial production of alumina for aluminium
by these processes is being carried out in either country; as the
Aluminium Industry in each appears to have reverted to the use of
Bauxite:
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(4) Kalunite Process: This is a process vihich has been developed

~ by the Kalunite Corporation of America. This Corporation is
ovned by the Western Cartridge Co., and investigations on
the processes for treating larysvale, Utah, Alunite have been
_carried on for a long period. The procesg entails calcination
of the Alunite at about 500° Ce, separation of the Alumina and
Potash as Potash Alum, autoclaving of the Alum so formed with
the reformation of synthetic Alunite (9), which is then recalcined
at a temperature of 700 to 800° C., and the soluble Potassium
Salts are removed from the insoluble Alumina Residue. The
alunina ig claimed to be suitable for the production of Aluminium
in the electric furnace. This claim has been questioned because
it is reputed to be impossible to remove all of the Kg0 from the
aluminium oxide, and for aluminium pioduction the K.O content of the
alumina must not excecd 0¢01%. It would therefore appear that
the alumina would have to be redissolved &g Sodium Aluminate and
reprecipitated as in the "Bayer" method.

Reports from America claim that a large nlant was to be erected
to process lklarysvale clunite by this process, the capacity

was to be 12,000 tong of alumina per annum, but up to 30th
September, 1941, the contract for the construction of the plant
had not been authorised. From private information to hand
from America, it is stated that not more than 50 tons of
alumina have been produced by the Kalunite Process up to the
present time.

(5) Miscellaneous Processes: A search. of the technical literature
and the Chemical aAbstracts reveals that o umltitude of processes
nave been nroposcd rfor treating Alunite for the recovery of
Potash and Alumina, but there is no technical information showing
that any such processes have been proved to be commercially
feasible for the production of Alwnina ag compared with the
extraction from Bauxite.

NOTE: Abstracts of these various Processes are available
for the information of the Committee, and also flow sheets of
the Kalunite and Ammonium Sulphate Processes, as applied to
Lake Campion alunive.

On the data at present available for the guidance of
the Committee it would not apoear that any definite recommendation
as to the value of the Residue from Lake Compion alunite as a source
of alumina for Aluminiuwm manufacture can be made,

It does appear, however; on the duat® and estimates
available that the project could proceed on the basis of producing
Potash for fertiliser purposes in Australia. For the information
of the Committee, Australia's imports of Potassium Salts for the two
years prior to the War are showm hereunder:

POTASH SALTS TMPORTED INYO AUSTRALIA

1937-58 ' 19538-39
-Sulphate of Muriate of Sulphate of Muriate of
_Potagh Potash __DPotash ~_Potash
New South Wales 307 tons 1793 tons . 280 tons 1625 tons
Victoria 81.1. " 38380 i 530 " 465 "
Queensland 700 "o 4361 " - 932 " - 4827 "
South Australia . . 421 " 80 " gro 110 M
Nest Australia 1196 -0 506 " 1024 " 490 "
Tasmania 33 " oy o 96 " 502 "

TOTALS 3468 tons 7147 tons 3132 tons = 8019 tons
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SUMMARY OF INVE STIGATIOVS.

Recent investigations resulting in the formulation of

a proposal to erect plant to produce Eertlllser Grade Potash from
theso Alunite deposits have been sponsored vy the Potash Alumina
Development Syndicate of Perth, W.A. The Syndicate have provided
finance to investigate treatment processes, and in this project have
received financial and other asgsistance from the West Australian
Government and technical assistance from the Commonwealth Govermnent
through the C.8, & I.R. The investigational work has been under
the direction of Professor Bayliss of the West Australian University,
and Dr. Wark and other Technical Officers of the C.S. & I:R: have
co-operated in the matter, and their Reports are available for the
information of *he Comionwealth Government.

When the Copper & Bauxite Comnittee visited Western
Australia on 20th September. 1941, an inspection was made of the pilot
plant, and data which was then available was placed before the Commit-
tee. At this stage the moin Tactor which had been determined was the
optimum conditions for calcination and the leaching experiments on the
residue. and the method for recovering the potash product was only
being worked out. - The estimates placed before the Comnittee, which were
made on behalf of the Potash Alumina Development Syndicate, and also the
production costs were therefore at this stage based on-calculatlons made
by the Consultant to the Syndicate, Mr. A: P. B, Norwood.

The crude salt produced on leaching the calcines would
give a product containing not more than 54.7% of Potassium Sulphate
(Ko0 equivalent equals 29.5%). Note: All Potash Fertilisers are
evaluated on their K90 percentage. | This crude salt, however, would
contain ?(, 6% of Sodiwm:sulphate, - and. 10.0% of 1 aﬁn051um Sulphate,
and 4.5% of Aluminiumn Sulphate - all of which vould be regarded as-
deleterious salts in certain ¢lasses of s0il if the crude salt vere
employed as. a fertiliser. =~ Tt was demonstrated at this time that a
inore concentrated salt containing up to 78%. Potassium’ Sulphate
(42.5% XK90) could be crystallised oub from the other impurities, but
the technical methods. of. so doing .noludeﬂ evaporation and crystallis-
ation, and even i‘lotat:on° at this stage, vasg bewn conoldered as a
method of ﬁeparat10n¢ T . Co -

It is gratifying to learn uhuty in the last few months,
the contlnued investigations 'carrled out on behalf” of uh@"Potdﬁﬁ
syndicate under the direction of Professor Bayliss and 'in cn—operatlon
wvith the C.S. & I.R. and Officers of the West Australian Government,
have shown that, by a method of cyclical leaching, & Potassium sulphate
containing 75% (equlvalenu to 40.5% KpO\ can be produced wlthout any
evaporation and with the resultant eon51derable reductlon in plant and
equipment required in the proaect.

The project nowv undcr conulderatlon entalls the erection
of plant and equipment to treat

130 tons. of raw Alunite per 24 hours
and this is celculated £0 yield an~extracfion of

13 tons Potdssium'Sulphaferper day (24'hours}
in the form of & mixed salt. conudlnlng 75% Potassium Sulphate, the
remainder being mostly Sodium wulpnabc,. "He tonnage of this mixed

Salt will thefefore amount to

' 17-1/8rd tons. 75% Potassiwm- Sulphate per day (24 hours)
(equivalent. 40 ﬁ% K20) ~

\x
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According to the amended estimates now prepared by
Mre fe F. B, Norwood, the cost of production will be reduced rrom
£17/7/6 per ton to £15/6/8 per ton calculated on a basis of 100%
Potassium Sulphate, but as the product contains only 75% Potassiwn
Sulphate, the cost per ton of this product will be novw

512/5/~ ver ton T'.0.R. Fremantle,
for a product containing 40% Ko0.

- The selling price of Feirtiliser Grade potassium
Sulphate prior to the War is set out hereunder.

Cost C.I.Fu& E. = Selling price to
i : _Consumer,

Fertiliser Grade S T
Potassium Sulphate. £12/8/~ per ton - £15/2/6 per ton
(48.5% Kg0) : ' .

Present Iixed Price ? £21/10/~ per ton

As it takes~approximately 1.2 tons of the proposed 75%
product to egual 1 ton of Fertiliser (rade Imported Potash, the
equivalent price F,0,R. Fremantle of this Australian produced Potash
vould he : ‘

512/5/- % 1.8 = £14/14/~ per ton.

Therefore, it is evident that whilst the cost of production T,0.R.
Fremantle would be more than the C.I.¥., & E. price pre-war at
Australian ports, this cost is well below the pre-ijar selling price
and considerably below the present fixed price of Fertiliser CGrade
Sulphate of Ppotash.

The production rate in the plant now proposed in the
first unit will give approximately

P,000 tens 75% Sulphate of Potash per annum,

: Inports into the wvarious States Ffor the last two pre=
Vlap years show that West .ustralia used approximately 1,000 tons Potasgh
Sulphate; Queengland 900 tons, and Viectoria about 500 tons, and the
total imports of Potash gulphate was slightly in excess of 3,000 tons
per annunm, However, in addition to this, from 7,000 to 8,000 tons
of Muriate of Potash (Potassium Chloride) were also imported = the
largest user being Queensland with from 4,000 to 5,000 tons per annuim;
the next largest user being New South Walesg with over 1,500 tons per
annum, It is interesting to note that, though luriate of Potash con=
tains 50% of K50, 1t generally sells for some 10% less per ton than
sulphate of Pofash, as in most casesg agriculturists consider the
Sulphate to be -a more satisfactory fertiliser,
Whether the 75% Australian Potash containing Sodium
sulphate as an impurity will be repgarded with favour by Australian
agriculturists is a matter which must be considered, This matter has
been referred to certain jiustrolian authorities, such as Professor
Richardson, whom, it is understood, has stated that the Sodiwm Sulphate
vould not be a deleterious impurity for most agricultural purposes,

The cost of establishing the industry on the basis of
treating 130 tons of Alunite per day was originally estimated by
Mr. 4. F. B. Norwood to require £148,410. :

This hus nov been reduced because of the simplification
of the process and by eliminating the purchase of certain tractors and
excavators for winning the Alunite to a total of

£110,000, 0. O

It is now »Hroposed to have the .ilunite mined by contract,
and the value of the plant so gsaved 1is approxzimdtely £9,000, so that
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the capital cost saving as a result of the adoption. of the cyclical
leaching process, already referred to, has saved approximately
£30,000 of capital outlay. v - - -

\

Iconomics of Proposal:

‘On the first stage of production now proposed, that is,
treating 130 tons of Alunite per day, though the estimates for plant
and the estimated costs of processing and production at the Vorks
appear to be quite sound, consideration must be given to the economics
of the Industry in regard to the pre-War selling price of Potash
Sulphate and the present selling price.

The pre-War selling pricé to consumers was £15/2/6 per
ton ex Store for Sulphate of Potash (48% KoO)e + As the product’
from Alunite will only contain 40% KoO it cannot commnand a price
nore -than. . ' ‘ ~

40

S8 or 2 of the selling price of Tmported Potash.

olu.

‘8o that on the pre-War selling price, the local product could not
. sold for more than ' -

alo

of £15/2/6 = £12/1%/- approximately. o

As the bare cost price F.O,R. of the Australian product
is £12/5/~- per ton F.0.R, Fremanvle, this only shows a 7/- gross
margin below the pre-War price of Potash.

Taking theé present fixed price of £21/10/- per- ton
the comparison is as follovs: e ’

of 821/10/- = 8£17/18/4

ol

The margin between bare production costs off the Australian product
and the present fixed priee would therefore show a gross profit
margin of; : '

L 817/18/4 less £18/5/= = £5/13/4 per ton
wvhich, on an output of 5,000 tons. per annwn, amounts to

£28,333, 0« 0

In lr. Norwood's costs certain overhead charges and depreciation
have been allowed for, bubt nc charge has been made in the costs for
amortisation, taxation, etc. Furthermore, marketing and selling
costs must be paid, and these will further reduce the nett profit
rargin, » L :

4,000 tons of the 5,000 tons output must be sgold in
the Basteérn States, and the freight charges alone at present ruling
Mates would amount to not less than £2/10/- per gon, equals

£10@OOO per annum"

It would therefore appear that it may be necessary to
gixsidise the industry even iinder present conditions by either paying
a ounty on product sold in the eastern States or subsidising the
fr=ight to the eastern States. Alternatively, the selling price of
Poiash could be raised to the consumer, and it rmust be borne in mind
tiws even under pre-War conditions, Sulphate of Potash has sold in
Al sralia for as high as £35/-/~ per ton., Consideration must be
giien, however,. to the effect that any rise in price will have on the
qreaatity of Potash. Fertiliger consumed in Australia.

In order to meet the full Australian requirements the
pliat now proposed would have to be doubled in capacity, and whilst
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this would not mean doubling the capital costs, a certain saving
in production costs should be attained, . : '

Under post-iar conditions it would appear that:the
Industry would reguire assistance by either bounty or duty to.
compete with imported potash. : ’ ' :

The Alunite available in Lake Campion and thé-. i .
adjacent areas on the evidence available shows that some millions
of tons of raw material canbe readily obtainedy, and from this it
would appear that Australia's requirements - of Potassium Sulphate
could be supplied on an sver-increasing scale over mnany yearse

The position may be.swmnarised as fbllows;

(1) Ample supplies of the raw material - Alunite - are available
at Lake Campion. ' '

(2) Technical problems on the calcination of this raw material
nave been thoroughly investigated in the pilot plant at
the West Australian University, under competent Authorities,

{3) Methods of leaching the calcined material have been worked out
but these have not been carried through the pilot plant stage
because of time rsguired. Large scale laboratory tests
have been carried out aad on a process such as leaching these
rcan be regarded as satisfactory and adeguate investigations.

(4) Dstimates of plant and the equipment required appear to have
- been carefully calculated" 50 also are the estimates of

production costs at Jorks, The economics of the industry,
howvever, require close consideration as it may be necessary
to subsidise the Industry even under present conditions with
high prices for imported Potash, =~ Under post-War conditions
it would appear tuat the Industry must be assisted by bounty.
or by duty. ' - o

) A sulphate of Potash produet containing 75% Potassium Sulphate -
(40% Ko0) can be produced in guantity from the alunite as a
basic rawv material, '

(

G

(6) The question whether this 75% Sulphate of Potash product
containing up to 2£5% Sulphate of Soda ig a suitable general
fertiliser has been raised, Certain authorities have stated
that the product is satisfactory. This would -appear. to be
the_oniy doubtful point in the.whole project at this stage,
and possibly the advice of agricﬁlturalxeﬁberts-fnfthey T
principal consuming States, namely Queensland. and. New South
‘Wales, -should be obtained on this matter as_a further pre="
cautionary measure. S B e

N

-The possibility of carrying out some trial runs with Campion
Alunite through a large furnace such as would be available at
a Cement Works and »roducing Potash Salts which could be
tested out on a large.gcale prior to the erection of the pro-
posed treatweut plant is worthy of consideration.

(7) Owing to the importance of Potash economically and industrially
' to Australia, the support necessary for the establishment of.
this industry by the Commonwealth Government appears warranted
and justifiable. ' :

(Sgde) M Jo MARTIN,

' - Member of the ¢opper and
15th January, 1942. ’ A Bauxite Committee.
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BORING AN _sAHPLING WH. DALT CALIPION ALUNITS DLPOSIT

I%O.. .l.Jlr)‘ [ig' _L)O l] J‘\..L I.II:L.L__I Cl‘\lx.l.)lu.l.\

)

Total nunber of bores JL LOual foctage 622.6
were '

Tvio men/employed, using a L' posthole augur attached to 3" pipning. In
several cases, where nard'band were encountered a chopping bit was run
on.rods and then an ordinary sand pump was uscd to collect the sambleo.
Boring was fairly easy and recovery of core good, although in deep hole
any sandy core tended to he washed duri ing- the v1bhdr1wal of the ore.
Ihe alunitic clay is very tough in many placo; but when sand content
increases the mass becomes nore fricble. The lakes-were under water
when the sampling was done but the depth was not over 5" in any place.
Oning to the rlat surface of the lake the water was moved from side to

side by the prevailing vinds. The surface of the lake in each case,
vas, therefore, assuned as being level and the elevation of all.bores
was caled sero. ihen partly dey, the naterial is very tough and work
with pick and shovel is very sloi. ihen wet, such work is even more
Girficul . The cores dried rapidly vhen exposed to the sun, although
the heat thereor (in Aupust) was not very great. This worl continued

for two months vhen U(qﬁllnu vas conpleted,

“Locating Hores:

In each case a basc line was geasured, using a mineral lease
corner peg as datun pointe A network of sites was thon marked out.

Noktes on Soring and iitrata iincountered

All the holes were cored to oompoch, save ohP ee; the deep ones. In
these it was found that boring was too slow and rod breakages delayed

work, so 33 ft. was the deepest drilled. "Uhu botiom should be granite
since this rock outcrops at the north end of Lake Cambion. In practic-
ally every case a layer of hard red gravel over-laid the bedrocl. yith
the aid of heavy rods and a chopying bit some semples of the rock were
obtained, showving that 1t consists of a ceoarse sand cementved with mat-
2rial which is probably silica. 3Similur conzlomerate was observed
covering the outcrops

In almost every case a tough bluish-grey alunitic clay, fairly rich was

-the cover. Near the shores there was a thin cover of gypswi of which
the banks are composed. any colours were noted in the clays, owing to

the proporition of iron ozide present. Such oxide might be a by-product
of value, if isolation is ei'fected during concentira tlon operations.

These colours vary from nale nink - nrou&h maroon to deecp red. The colour
of - the material w.s a Talr guide to its richness. | The lizhter samples

were richer. Values decreaged, as a »ule with depth but exceptions
showed up at the deepest holes. Ior the first 5 to 10 Ffeet the percent-
age of alunite vias high. | Sandy or cravelly sirata invaricbly were low

in alunite. In wvinning operations theére would ve work for a long time

mcrely gulipning the upﬂcr 10 feet of material, which would, most prob-
ably run over 70% a]unl

Durlng operations the
on du-lng July and Au This vater veg rain rater.. In the swwmer
it is dry, but vater, munont ocecurs a few feet beiow the surface.

It is almost . r**u'hn, since it rises nearly to the surface; is very

lake vas covered with vater, the work being carried
oust o
.LDC

Drackish, and chovs a svu¢l percenvasze of free sulphuric acids:  The
action of this water on the skin is painful, and is rapid in its corrod-
ing power upon metallic objects. Thig fact is of importance ivhen
considering methods of winning the material.. The lale may have a slight

slope (surface considered only) to the soutn~v=~* but it is too small to
e of much account, -so the levels of bore-hole collars were considered



a8 Zero. In this "Lalte Country’ there is in ~inter, a zood supply of
brackish vater vhich could be impsunded for use. 1In addition the ncarest
terminus of & br.nch from the ialgoorlic ~ipe Line is about 3 niles.
Later could be laid on to the :iorls.

Chemiytry.  .nalysis of sanples.
cwawples were, for the first fev holes, cut from cach Foot of core, or
frow each foruations Later the cores were sanwles when removed from
augur, being finally mized and cu rtered doin to a reasonable size.
Swiples were air-dried upon receint at the laboratory for two days;
crushed and g¢uartereds Lolsture wag then determined. Joluble sal+ts
vere got by digesting 0.5 gia. in 200 c.c. of - water for several hours
(the 803) radical being precipitated as 2230, 1n the usual mamner. For
clunite” 0.5 gie of sample vas warhied in veak 1DaOH solution until all
soluble matter went into solution. ‘“otal sulphates were then determined
in the usual vvay, and soluble. sulvhaics subtracted, leavins a figure
vhich was converted to he shown as alunite, using a factor (503) to
alunite of 2.60, this having boen shown to he correct.

Loisture:

Adr-dried samples shovwed varyings pcrecenvages of water, the gencral
averagze beins 6w. A core sample, extracted from a wet hole dried for

L5 winutes in the air, bottled, shoved 15.8, of vater, Secing that
many of the stratas arc dry and tough the average percentace of moisture
in the lake bed as it lics chould be ncarcr 105, ithe main point about
the Campion alunite is that it is insoluble in vater but woluble in the
veakest of allalices ana mincral acids: Lven CaCOx in solution will
attacl: it. Above 3007C. at which temperature aluhite is unaffected, de-

composition begins. The muin impurity is sand.  Some clay and zypsun
also occur in varying nroportions. Since alunitec and quarts have

about the same specific gravity, the removal of the sand nizht be
difficult, but the alunite is floury and the sand gritty, so clagsifi-
cation in water should suffice.

Jith regard to concentration it may be said that a careful analysis of
costs would be necessary in ordcr to establish hether to concentrate
at the deposit or. rail the bull to Ferth. A railvay »uns only 7 miles
avay and no difficulty should exist in putting in a spur line to the
aeposit. The distance from- the lalkes to Perth by rail would be cloae
on 250 miles,. : '

Fure alunite contuins ap roximaicly 36% of aluming and approximacvely
11.lys of potash.

Zstinate of cuantivy:

An estimate of the average values of the cores was macde by multiplying
» elunite by feet sample, thon dividing the product by the depth.

Suil_of Products - 7 feet.

De ¥ = Average of Feet depth = average % alunite.

ihis wag repeated. to gain the seneral average, thus:-

= General avorage.

d. v
i
For Lalke Campion this came to:

339 : ‘ '
25 = 59,9 or 60,5 aluniie general averasge.

!
~J

N2

this figure is based on air-dried samples conteining an average water
content of 6%. : '



Moisture % = 926
Number of gsamplcs 154 = 65,

Calculation of cubical content,

Profiles were drawn, onc for each line of bores and the area obtained

by a planimcter., Results were multiplied by half the distance on each
side between the lines. This is sufficiently close since the deposit

manirestly extends some distance under the present banks, -

Weiaght of material, A kerosene tin full of air-dried core sanples
was weighed and found to contain 85 1bs. nets This is equal to 3,950
to the cubic yard. INov 1 cubic yard of water weil hs 1687 lbs. and the
specific gravity of alunite is 2.65. Talking 6C% alunite as general
average we.get for conparison:- : '

1,687 x 2.65 x 60

100 _ = 2,690 1bs,
A and
3,950 x 60
100 = 2,370 1bs.

These figures arc. close enough considering the variable ioisture con-
tent of the samples to show that the weizht per yard and the zeneral
values are not far from corrcct. ‘

Proceeding thus we find:-

LANS CALIPION., ~ contains 10,000,000 cubic yards of alunitic clay
of an average of 604 alunite and, an average
vater content of 6,6 (rrom air-dried samples) or
10% as a fair estimate as the bed lies. ~

Note:~ The yardage estimate is low, since, for Lake Campion, with
an area of Li26 acres, and assuwining 400 acres of an average
depth of 1l feéet we vould have 9,03, 480 eubic yards.

sSunmmary. There is an enormous quantity of rich alunitic material
lying within easy .distance of a railway. ‘the climate
corresponds with thut of the Goldfields area, although
hot in swmer it is dry and guite healthy. The winters
are very pleasant. Cheap cleciric power could be obtained
at Hobart, Tasmania, for the production of metallic aluminium.
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Report No. éO?. - - , UNIV.uzsITY QB Vs LsOoUrNL
6th ilarch, 1941.

AZUNT v FROLL DAGT CAdPTON, i A,

Twenty-rour Bore4core samples of élunite ore from Lake
Campion and one gomple from Red Lalie, Weosy have been submitted for
micrbscopiC»examination Ey srofessor Bﬁyliss,‘uhiversity_of Western
Australia,

The samoles WGro'treéted by puddling in water and decant-
ing off the c¢osily suspended clay matter. The decahtaﬁion'products
and the residues 1eftlafter decantation vere thon examinod‘undcr a

petrological microscope. [this implies that crushing is not necessary

to liberate the alunite.

pecantation Pfoducts: The solid particles in the decant-
ation produces consist mostly of mihufe plateé or Zrains abou£ 0,00z to
04005 mm.'diameter, which are regardod as alunite. Alunite C¢nnot be
satiufuctérily identified in this form oy migroscopic neithods, ncithof
cunt the absencce of kad;in be determined. © In addition to the alunite,
grains of quarts ranging im'size from 0.0l to 0.020 1uae Qiametdr WerC
always present, though in varying amount, Occasiun.l raili of blecached
wiotite and of limonite vere present, and in several Epccincnu, notébly
the lower samples of Bore Ce vhich were‘red—coldu:ed, abunﬁant-gfanulgs
of 1imoniﬁe acconmanicd the guartze JSkeletons of diatons were present‘
occagsionully in tho sampleé From nearcst thé surface, out werc only:
present in any nwiber in the single samplce from Red Laké,

desiducs: The residues varied considerably in amount and

)

arain sizé, from somplc to sumple, and level to level in the bores, though
Ctherc vas avgeﬂeral tendoﬁcy tovrards increase in quantity with depth.

The ohief mineral present is quartz in grains r.nging from 3,0 nn. dia-
meter to 0.05 min. Very occasional crystals of pyroxcne were detected

in one or two. sanples, togcth r with flalies of bloached biotite'and
crains of limonite., Vcry occasicnally necdles of gypswi vere obscerveds.
The Red Lalle S.uaple wepg distincet in this respect, thet gyosum crjstalﬂ

up to 1 1. long were abundant as quartz. In the reddish-coloured




samples from Bore C. limonite was abundant,

10.0 x 3.0 mm.

ant limonite, cementing fine grains of cuartz.

whoily of lirmonite.

-in, the tables below.

Sample
2% fti

6 £t.

8 £t.

10: £,

1 ft.
2 ft.

3 ft.

L f£t.

Such lumps when crushed were

-2 -

BORL A.

Decantation

dark grey, consistinz of minute
granules of alunite ,002 - 005
mm. diameter with a little guartz
« 0135 nm. dismeter and smaller

do, only whitcr

do.

do.

BO}u B.

.

Alunite .002 - .OOH mm, grains,

quartz -, 0lL4 - .020 B OCCdolondl
- diatom skeleton.

do.

do.
no diatons .

do, .

.C—I.OQ_

occurring as lumps up to
found to consist of abund-
Some appeared. to consist

The details for the several specimens are set -out

Residue

none (tr)

Very small
residue of
quartz 0.050 -
0.05 mm. One
grain pyroxene
one altered
biotite.

Slightly larmgr
residue. Quariz
0.5/0.05 rm.

A little lim-
onite bleached

. blotite gypsum

Larger and
couwrser reside
2 mm., mostly

1l 1m.-0.05 Rare
pyroxene, a
little limonite

© About same

residue ag in
8. Tracc of
limonite, onc
large crystal

~of gypsun.

None

lere trace;
gquartz 0¢50 -
©.0H mmoe

Fresent, but
very small am-
ount

Small quartz
up to 1 mm.

" diameter, oc-
~casion:l lim-

onite prain.

do.



Sample-
Grey ‘White
2 Tt.

4 ft.
7 £,

O¢ft,

-3 -
BORE __C.

Decantation

White consilsting chiefly of
particles of alunite about
0,002 - 0,005 mm, A little
quartz 0,015 -~ 0.020 mmn.
Similar to A.

d.O_o

Creamy pink., Distinctly more
quartz, 6.015 - 0,020, than
above

Pinkish, red tinge in aggre-
gates. Number of qguartz par-
ticles stained with iron. ox--
ide. gSome red limonite par-
ticles 0,01 - 0.02

Dark red. Increased con-
tent of quartz, stained with
iron oxide. Abundance of
limonite granules 0,010 diam,

BORE_ D.

The samples were puddled with water,

material decanted off.

2 £t.

4 f£t,

6 ft,

8 ft.

10 ft.

12. ft.

14 f£t.

White product consisting
egsentially of alunite, with

minor amounts of quartz, very -

occasional diatom skeleton,

and a rare prism of an unidens .

tified silicate-alunite 005
X 0005, Clual‘tz «014 - 4020

do.
do.

Ao

Reddish brown, but otherwise
(pinkish) similar,

White
othervise similar

Pinkish
" do.

Residue

Merest trace; 0.5 - 0.05

do,.

Residue 1/3-% total sam-
ple. Coarse quartz up
to 3 mm. Partly coated
with iron oxide.

Residue 1/5-% total.
Consists of quartz and
limonite. Limonite
particles up to 1 cm. X
Oed min. Consists of
abundant limonite cemen-
ting fine quartz grains.
Some grains appear solely
limonite.

Residue 4 sample or more.
Chiefly guartz up to 2
mme - A few grains of
limonite; mostly coat-
ing guartz., not as
coarse-grained as C.0

and the fine;grained

Moderate residue of
cuartz, ranging in sluze
from 0.05 to 2.0 and

3540 Angular but water-
WOrIl.

Only a trace of residue
uartz 0.140 X 0,080
largest grain, 1 grain
of tourmaline.

Increase in regidue.
Less than in 2. greatly
exceeds 4. Grains from
1.0 mie down

Less than in 6.
1.0 mm. and 1léss

Quartz

More than in 8, . nos as
rmuch as in 2. Some
grains ironstained,

1,0 mne and lesse.

Large gritty residue,
larger than 2. Grains
quartz, 2-3 mm. down to
0e05 nmmes Occasionally
iron stained.

Still larger and equally
coargse residue of guartz
A number of graing iron-
stained.

(8igned) Frank L. Stillwell,
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LAKE  CALIPTION ATLUNITL DEPOSIT

COLPOSITION OF Wil 2WSTDU.LS RO THL PRO-

DUCTION O POTASH

The following are analyses of typical residues after
alunite frow the upper & £1. of the deposit had been calcined and
leached with water to extroct water soluble salts. fhe analyses were
covvied out by the CGovermnent Chemical Laboratory for the constituents
wentioned  and are re-calculated to a woisture-free basis at 100°¢.
he detevuination of 810, was not reguested in the case of Sauple B3
but i1t would be siwmilar fo ...

LaACHDID RESTpULS
S.LPLL B
(Calcination at _750°C.)

47 4 75%

e 0 5,49 5459
K50 3,94 3.18

VA

SUGCESTED PROCLSSES FOR PRUPAATION 01 ALUNTIA:

Owing to the high silica content of the above residues
s shovm in Table I, it was considered that the material would not be
amenable to tireatment by the Dayer process uvsing coaustic soda. The

investigations vere taerefore Girected to acid extraction processes
(using either sulphuric or hydrocinloric acid) with the object of pre-
paring pure aluwainiuvm sulphate oy ocluminiwi chloride froul which aluainc
could e prepared by colcination. ' '

The acld proce. weg offcrced atiractive econouilc possibil-
ities, pavticularly if tue alwaina were to be preduced at Lake Campion.
‘he flue gases fwrom the original coleination of alunite contain both
505 and HCIL. Luxperimenval work has shovn that the HCL can be practically
completely absorbed in water. (Practically no £0- heing absorbed at
thig stagg) and that the 50z can subsecuently be Targely ubsorved (chr
50%) in 5% H,804. (The use of 90% HesO4 would be iuwpracticol owing to
the moisture content of the flve jases.) Logether with the SO0z or HCL
arising from the calcination of the aluminiwa sulphate or alwainiwn
chloricde, ample supplies of the necessary acld could be w.ade as by-products.

L w0y ACTION OF Mo Ui Ivu .8 Till ACID.

o

It was found that the alwaina content of the above
residues (wable I) was veadily extractced by either dailute sulphuric
or Gilute hdrociloric acid.
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TABLI 11,

(a) Using 6 N (25%) sulphuric acid in an amount 25 in excess of that
required theoretically to dissolve the &l Oa the follou1n~ per-
a

centagzes of the Al205 content were extracte t 90°%C :-
1 hr. 2 hrs. 5 hrs. L hrs. 5 hrs.
335% 60% 1% 875 887

(b) Using 100% excess of 6 N sulphuric acid at $0°C, 9Ly of the
' Al Oj content of the residues was extracted in 3 hrs., and 99%
in"57hrs.

(¢) Using 6 N (contant boiling) hydrochloric acid, in the presence
of a 50.% excess of calcined residue (with the obiect of prepar-
ing a neutral solution), the following percentages of Al »0% were

ext“'ctou at 95°C. (Percenta 5es rcckoneu on the amount tﬁeO“CD—
ically extractable by the acid). ,
1 hr. 2 hrs. 3 hrs. L hrs. ‘ 5 hro.
25% 757 90,5 95%:

TH COnPOSTITION OF THE ACID LXUWRACTS:

The following is a typiccl complete analysis (oy the Govern-
ment Chemicol Laboratory)Aof a solution obtained by exiracticn of the
calcined residue with sulphuric acid, and subsecuently diluted for
submission to the Government Anzlys t - ‘

CABLE 111
Constvituents expressed
_ as % of Al-Oz content

. /il . laporox, ) 7

A1203 , 35 100

Fey0z _' 2.5 y 745

(50 243 649

Na,0 0.6 1.8

MO , 0.1 . 043

510, - ' O.1 0.3

T1i0o , Oe2 0.6

cao | §il | il

#no ' Nil ' Nil

P205 , 0.1 Ou3

303 not determined (solution is

aluwniniunm sulphate)
No analyses are .yet available for the gsolutions obtained
by extraction with hyurocnlorlc acida.

THS PURIFICATION OF ALUMINIU: )bJJHRLJ .2 ALUNINIUN CHOLORIDE:

Owing especially to .the hiwh 'en0z content, d salt prepared
by evaporation of a solution such as that §$n”mable 111 would be un-
gsultable for the manufacture of pure alunjna. Various methods of
- purifying the solutions werc thereforc ﬂVOuuiﬂ,uOu
. /
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Owing to the rcslatively high FeoOz content and the
expectation that acid extraction processes vould fead to a product
.relatively low in $i0p, all of the methods that have been tried at the
University of tlestern Australia have been with the object of removing
Fezoj, These methods have included:-

(a) Recrystallizndon of Aluninium Sulphate or Alwainium
Chloride: -Since it was found that the Fe,0- content of the
golids obtained by evaporation of the leached solutions was
largely there as a film on the surface of the crystals and not
as part of the structure of the crystals themselves, recrystall-
isation presented itself as an obvious method, providing it would
not have to be carried too far.

(b)  Ireatment of solutions with excess of the calcined regidues.

(c) Treat.uent of the solutions with alunite that hos been dehydrated

by heating to_500 - 550YC.

Of these three mcthods, the last named has turned out
to be the most attractive.

The results presented below are preliminary results only,
since the experimental work has not yet been completed and several
saiples are still undergoing analysis:-

(i) Using a solution of aluminium sulphate that was about one-fifth
saturated and in which the ratio: of FeZOv/AIQO vas 2¢4%, treat-
ment with dehydratcd alunite reduced the ﬁezo ctontent to 0,03%
in half an hour. : ' 5 '

(ii) Using a sulphate solution that was about half saturated, the ‘
FOQOB/AlQO3 ratio was reduced in half an hour from 6.0 to Ou 2004 -

(iii) vith a practically saturated solution of aluminium sulphate, two
' consecutive treatments with dehydrated alunite arc required to
reduce the Fe203/A1203 ratio from 6% to under 0,1%.

(iv) In the case of aluminium chlorice solutions, three successive
treatments with dehydrated alunite, each of one hour, have reduced
the Fe203/1‘-\1903 ratio from 6% to 04l%. ' :

The rate of removal of ferric oxide from the chloride
solutions is apparently somevhat slover than is the case with the sul-
phate solutions, mainly owing to the greater amoult of colloidal ferric
hydroxide that is present.

($gds) N. . Bayliss.

PROFEL50.  OF  CHLMHISTRY .

22nd September, 1941,
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CONSULTING METALLURGICAL Co AJLP. Buildings,

' ENGINEER. o  rMaritana Street,

KALGOORLIE.
| |

Edmond J. Martin, Esqi, | ‘ ,
Manager,. ; i ‘ )
Potash Alunina Development S:ndicate,
42 St. George's Terrace,
PERTH. )

Dear Nr. Martin,

I enclose herewith estimates of operating and capital
costs for the production of potash from Lake Campion alunite, on the
bases of the treatment of both 130 and 390 tons per day .

General., The figures are conservative, but at this stage it would be
unwvise. to underestimate either operating or capital costs. As we
agreed during our conversation, this is Particularly the case while
the Syndicate's application for some form of protection or bounty is
being considered by the Commonwvealth. However, while the figures

are conservative, they are not duly so0, and I am sure to responsible
engineer could materially reduce any of the individual cost items.
glven at this stage.,

Operating Costs. For your own personal information, I think we can
hope for (but not estimate on) a material reduction in the estimated
production costg wvhen the plant has -been operating for a while and
all "teething troubles" have been overcone, Principally, the factor
which might lower costs is the possibility of treating more than 130
tons per day through the kiln and a fuel consumption for calcination
somevhat lighter than given, ‘ ' :

. Another point where economy may be possible is that I
have given power costs at 1d. per kilowatt hour and steam for. the

evaporators at .05d. per 1b., which is the cost of generation if we
use steam engines, and their exhaust steam for the evaporator, there
should also be a marked economy at this point. When the War is over,
the ¢ost of bagging should be reduced, and now that you have these
estimates available, it should be possible to obtain a reduction in

the freight rate from Weria to Fremantle,

Capital Costse As stated in the notes, there is a possibility of an
economy . of £10,000 by using a secondhand machinery for some of the main
items, and of a further £20,000 if it is found possible to dispense
with the forced circulation evaporator. .

_ I have just received a quotation for a secondhand steam
engine set from New South Wales, as follows:-

1 = 335 K.W. Steam Driven Alternating Set.  With Brovnett-
Lindley Vertical Compound Enclosed High Speed Engine,
Cylinders 16" and 26" dia. x 11" stroke, direct coupled
to British Westinghouse Alternator 325 K.W. 415v, 3 phase
50 cycles, 375 TePomme’ With exciter mounted on end of
rotor 'shaft.  With Regulator; all mounted on one C.I.
base plate.. B :
Overhauled and in-good order,

PRICE .. .o “+. ee £1700. 0. O on Wharf.,
_ = . Sydney.

' This unit would be very suited to our fequirements if
the Kestner type evaporator is installed.. '
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. I understand these estimates are required for the final
negotiations with the State and Commonwealth Governments and I
presume the condensed estimates for the prospectus will not be
required for a while, With the figures I have available in my.
office, I can now give you these at a day or two's notice. I will
defer them until I hear from you, so that some of the various alter-
natives at present existing will have been settled one vvay or the.
other, '

With reference to my remerks on leaching the calcines
in vats, I have a batch of the last roast treated in Kalgoorlie.
With a two stage leach, the total extraction was 15% solids. I
should be glad to learn what was the extraction obtained by the
“University from this ealcine. The solution obtained was quite
clear, so that the proposal looks very promising from the point of
view off capital and operating cosis,

With kind regards,
Yours faithfully,

(5gd.) A. F. B. NORWOOD.
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ESTIMATED OPERATING COSTS OF_ PRODUCING POTASH
‘ FROM_LAKE CAMPION ALUNITE.

OPLRATING-LABOUR 130 tons day
Digging & Loading 2 men @ 24/—
Crushing 1 v
Calcining T L
Gas Producer ) 6 1moouwon
Classifiers and/or
Filters o0 unown
Crystallisers and
Centrifugues 3 mowoom
Residue Disposal R LI L
Bagging and/or :
Loading Potash i o o
Shif't Bosses 3 " A0/
Total: 23 men ~-£304040
REPAIR LABOUR
Tradesmen 5 men @ 28/~
Foreman 1 v 40/~
Total 6 men —- £9.0.0

POWER HOUSE LABOUR

Included in power and steam costs.

SUPPLIES
Diesoline for Tractor
Lubricants
Water: 500 gals. per
ton of alunite @ 2/6d.
per 1,000
Wood fuel for calcining
50% of weight of alunite

@ 12/~ per ton of wood 39,060

£39.060

390 tons day

£50.040
POIER

for 24 hrs.

kilowatt .hr.
for 8 hrs. @
kilowatt hr.
Tor 24 hrse.

kilovratt hr.
for 8 hrs. @
kilowatt hr,

300 h.opo @
1d. per
100 hspe
1d. per
400 hoePo
1d. per
100 hoPoe
1d. per

254060
@ .

Steam Tfor Lvaporators

4,000 1bs., per hours @
«0bd. per 1b.

10,000 1bs. per hour @
.05d, per 1lb.

204040

Repair Materials

26.0,0

St it vt vt

@ 4/- per ton
@ 3/- per ton

C/Forvard

£59 .O. O £146’O'O

_152.0.0

£160,060

4 men @ 24/-

2 1"

5 1 1 1

18 1" AH 1

3 1 1 1"

5 1" 1 1

2 1 1 1t

2 " 1t "

3 TIT 40]-;-

40 men ~ £50.040

8 men @ 28/~

1 mon 40/..

9 men - £13+040
5650000

£2¢060

36060

.24r0r0

117 0.0 e
£63460.60

5500.Q

500,40

29,0.0 © 2904040
£3535060



B/Forvard |
£160,040 £353,040
Miscellaneous.Charaes
Chemical Laboratory 10.0.0 104040
Superintendence 8040 _18.0.0 8.0.0 184040
- GRAND TOTAL: | £1784040 © £371.040
Overheads @ 8% _14.0.0 0/hds.5% __18.0.0
TOTAL GOST PER DAY: £192,040 £3894040
COST_PER_TON OF ALUNITE: . £1¢1040 © . £141040
COST_PER _TON_OF POTASH :
(@ 10% recoverJ)
Plant cost of Potash 154060 - 10060
Cost of bags per ton of : ,
potaSh 1e060 :]. O 0
Freight to Weira & Loading 7eb. v 7.6
Freight to Fremantle . 1e8.0 _ 1,00
TOTAL COST OF POTASH 517.7.6 £1247 46
IN FREMANTIE. === . , D
Note: (1) No cost has been allowed in the above estimates for the

separation of glaserite and sodium sulphate. (To produce
a high grade potassium sulphate). It has been stated that
a market is available for sodium sulphate. The value
received for this material would considerably exceed the
cost of flotation or re-crjotalllsatlon of - the crude
potash.

(i1) In the case of the 130 tons/daJ unit, part of the potash
wrould .be used in the State and the frelght would then bo

only 13/8d. per ton. It is also possible that require-
ments in this State could be shipped in. bulk,

(sgds) A, F. B. Norwood.

Consulting Engineer.
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ERUESOTN PMANT FOR PRODUCTION OF POTASH FROM LAKE CAMPION ALUNITE

ESTIMATED CAPITAL COSTS : .

Winning Eouipment: 130_tons/day 390 tons/day

£ - ES
One 110 he.p. Tractor 5,900. 3,900
One Le Tourneau model "F'" Scraper 4,000 4,000
One Le Tourneau model "H" Rooter 1,300 1,300
42" x 24" Swing Hammer Mill 2,500 . 2,500
Feeder, Conveyors and Storage Bins for .
crushed alunite- 6,000 8,500
Rotary Kiln 150' x 7' complete with : S
flues and stack 18,000 54,000
Cooling and Discharge conveyor 1,000 1,500
{i)Potash extraction plant 5,700 8,000
(ii)Thompsons forced circulation .evaporator 13,000 15,000
Cenfrifuges or filtration plani 2,400 B,éOO
Conveyor for waste material 1,800 - 1;800
Conveyors, Potash storage, packing machine
and loading equipment : 4,000 5,000
Buildﬁngs, roads and services 7,000 12,000
Power House [Lguipment
(ii) Boilers 14,000 21,000
Engine with alternator and all
auxilliaries but no boilers 6,000 9,000
Chemical control‘laboratgry, equipyed 2,500 2,500
93,100 151,600
Contingencies 10% 22310 15,160
LOTAL CAPITAL COST 102,410 166,760
Reserve for plant modification, etc. 10,000 . ‘20,000.
Working Capital for six months 96,000 72,000
£148,410 £268,760

e ——— —_——Tmomm

’

N.B. (i) This sum would cover the installation of agitators and two
stages of filtration; or classifiers and filters for the classifier
overflow, Cost of leaching vats would be much lower,
(1i) The evaporator estimated would take care of the full tonnage, even
in the case of the 130 tons a day unit. The boilers installed in the
130 tons per day unit would be sufficient to run the evaporator on the
full tonnage, but there would te no spare, If no evaporation were car-
ried out, and the solutions were crystallised in the swenson-Walker
crystallisers, there would be an cconomy”of approximately £20,000 in
the case of the 130 tons/day unit and £25,000 in the case of the 390
tons/day unit. '

(Sgde) AJF.B, NORWOOD

CONSULTING ENGINEER,
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REVISED ESTINMATES OF CAPITAL COST OF PLANT INSTALLED.

DETATILS OF PLANT.

t

ESTIMATED COST

Swing-hamner mill £ 3,200
Receiviﬁg‘hopper, conveyors and storage |
bins 6,000

Rotary Kiln 18,000
Cooling and vat charging conveyors 1,000
Potash extraction plant 5,000
Conveyors for waste material 1,800
Crystallisers 4,000
Centrifuges and drier 3,200
conveyors for potash and potash storage 44000
Buildings, roads and services 7 4000
Pover House 10,000
Chemical control laboratory __E;QQQ
. £65,700
Gontingencies‘estimated.on 10% basis 6,570
TOTAL PLANT COST £72,270

Working Caﬁital including stores, :

5 months @ £5,500 per month 27,500 -
699,770 -

Reserve for plant modifications 10,000
TOTAL £109,770

T

?OTALHQéE%géL REQUIREMENTS . ’ ;T- '.5110500

NOTE: This is considered to be the smallest part unit

- that should be installed for the production of

potassium sulphate on a commercial basise



EOIIMATED OPERATING COSTS OF PRODUCING POTASH FROM

LAKE CAMPION ALUNITE.

OPERATING - LABOUR

Contract price for winning ore

@ 1/6 per ton
Crushing
Calcining
Gas Producer
Classifier
Crystalliers & centrlfugeo
Residue Disposal
Bagging and/or Loading.

Potash
Shift Bosses

REPATR LABOUR
Tradesmen
Foreman
TOTAL

POWER HOUSE_LABOUR

(Included in power costs)
SUPPLIERS :

Iubricants

water 375 gals. per ton of
T alunite @ 2/6 per 1,000

Wood fuel for calclnlng
T B50% of weight of alunite
@ 12/~ per ton of wood

Powver 300 hep. for 24 hrs.
@ 1d. per kilowatt hour
100 heps for 8 hrs. @
1d. per kilowatt hour
400 heps for 24 hrs.,.@
1d. per kilowatt hour.
100 hepe for 8 hours @
1d. per kilowatt hour.

REPATR MATERIALS:

@ 4/~ per ton .
@ 5/— per ton

TOTAL. STORES EXPDNDITURL.

MISCELLANEQUS CHARGES

Chemical Laboratory
Superintendence,

130 tons/day

9, 154 O

TOTAL

BlOiR PO Rooe

men - 27 o 120 0

0

men @ 28/~
man @ 40/~

= o

6.men - ‘ 93. Oe O

£2. 0. O
64 1410

39+ 04 O

20e Os O

26. 0, 0T
98s 1410

10. 0. O o
8. 0,0 18, 0. O

GRAND TOTAL £162, 8410



[od

Estimated operatirng costs (Contd.) .

FORWARD :
Overheads @ 8%

TOTAL COST PER_DAY

COST PER_TON_OF ALUNITE

COST PER TON OF POTASH
(€& 10% recovery)

Plant cost of Potash

Preight to Weira & Loading
5/7 per ton glaserite or)
7/6 per ton Potash

DEPRECIATION @ 10% on £72,270
or £600 per month on 400 tons
Ko50, per ton

TOTAL COST OF POTASH ON RATIL
e ]

T MRSATAS) ==

NOTE : Cost of bagging charged

(bags at Purchasers cost)

Page Ze

130 tons/dayv.

£162+ 8. 10
12+ 19+ 10

Al

£175. 8. 8

1o 6. 11
13, 9. 2
7. 6

1. 10. 0O
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