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i. GENERA L.

1. THE POTASH POSITION IN AUSTRALIA:

The use of potash fertilizers in this country is of
the greatest importance in the growing of sugar, but consider-
able quantities are also required for the tobacco, potato,’
tomato, maize, pineapple and banana industries.

Prior to the outbreak of war, there were several kinds
of potash fertilizers on the market, imported mainly from
Germany, Palestine and ¥rance. The most common forms were
the chloride and sulphate, with lesser quantities of Kainit,

a magnesium potassium compound occurring naturally in the
Stassfurt deposits of Germany. The tonnage of potassium
salts imported into Australia during the year 1938-<39 was
11,155 valued at £126,336. The imports of the chloride and
sulphate for the years 1937-38 and 1938-39, together with the
country of origin, are shown in Table I.

Table I. _Australian imports of Fotash.

\

Countzy of 1937-38 - 1938-39
Origin - Sulphate Chloride Sulphate Chloride

Palestine 50 3760 635 3989

Belgium - : - 10 -

France 783 1922 -+ 566 1028

Germany 2635 1465 1724 2993

United Kingdom - - - 10
Total 3468 _ 7147 | 2935 ‘ 8020

We cannot continue indefinitely to draw on - the
reserves present in the soil for the potash required by the
various crops and in this respect the production of a certain
tonnage of these salts locally and without delay becomes
imperative to the immediate future of the sugar industry of
Queensland in partlcular.

Bconomically, the position as regards potash supplies

. is very different.from that obtaining during the last war when

the price of potassium sulphate rose from about £8. per ton to
£70. per ton in Australia. . Then there was a world-wide shortage .
when German supplies were cubt off, but nowadays the United States
produces a large proportion of its own requirements and the

Palestine development has reached the stage at which considerable

amounts could be exported if shipping were available.

A great variety of methods have from time to time been

proposed for the extraction of potash from potential raw materials,

among which are alunite, leucite, greensand, feldspar, shale,
brines, kelp, industrial by-products, cement kiln and blast-
furnace fumes, distillery waste and wool-scouring. iiany of

these sources were successfully exploited in the United States

of America during and immediately after the Great War, when
European supplies were not available. Witk the first approach
of normal prices again, treatment of all but three of these

raw materials was found te be unprofxtable. The three exceptions
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were brines from Searles Lake (Calif.), distillery waste and 1o
cement kiln fume, of which the former-is by far the most Y el
important. The potash recovered from these sources in U.S.A.
supplemented that recovered from the mining of sylvite,

sylvinite and polyhalite.

1t is of interest to note here that experiments
carried out in fZurope and America during the last decade have
indicated the technical feasibility of the production of potash
fertilizers by blast-furnace smelting of such widely distributed
sources as leucite and the potash feldspars; and also the
commercial possibilities of producing a concentrated combined
potash-phosphate fertilizer by smelting 2 mixture of raw
materials not otherwise available for recovery of their wvaluable
constituents. Production of artifical fertilizers by blast-
furnace processes is fully discussed in a bulletin [1] published
in 1937 by the United States Vepartment of Agricul ture.

In Australia, sources of potash salts, ofther than alunite,
have been investigated to a certain extent. A small tonnage is
believed to have been recovered from flue dusts from cement works
in Victoria, while in South Australia the exploitation for this
purpose of the seaweed Posidonia australis has received some
attention. The ash of this weell contains about 5% potash and
its recovery seems to be an economic rather than technical
problem.

Potassium carbonate can be recovered from wool scouring
liquors and it is understood that at least one of the scouring
companies is considering its recovery from this source. 1t has
been estimated that 2% of the weight of the annual Australian

- elip of 1,000,000,000 pounds could be recovered as potassium

carbonate. Assuming that 5% of the clip is scoured in Australia,
this would mean that there is available some 500 short tons of
the carbonate annually if it could be obtained at a satisfactory
cost. Here again, the process has been shown to be technically
feasible, with the main problem being one of economics and mill
organisation. - )

In addition to crude fertilizer potash, there is a limited
but vital demand in this country for guantities of the pure saltis,
in particular the chlorate, chloride and carbonate.

The development of a potash industry in Australia seems
then, to be a question of national importance and in this respect,
the large alunite deposit of Lake Campion is worthy of special
attention. No mining difficulties are involved, there is
sufficient material to supply Australiat's potash regquirements at
the present rate of consumption for the next hundred years and,
in addition, there are the potentialities of the deposit as a
source of supply of alumina, sulphuric acid and sodium salts.

1t was towards these ends that the present investigational
work was initiated, and this report deals with the first of the
above aspects, namely the recovery of fertilizer potash from the
alunite of the deposit. 1t may well prove later that the value
of the work lies more in the preparation of a residue suitable for
treatment for the recovery of a pure alumina, and indirectly of
the strategically important metallic aluminium, than in the recovery
of the potash content of the ore. There is no doubt, however, that
the successful recovery of the potash would be a big economic
factor in the establishment of the proposed alumina industry.
This latter industry would be of added value in the light of
the relatively poor bauxite deposits known to exist in this
country. ‘
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2. FPROPERTIES OF ALUNITE:

Alunite is a naturally occurring hydrated basic
potassium aluminium sulphate having an empirical formula
of Kp0.3A1p03.4503.6Hp0. 1t is most commonly associated
with acid volcanit rocks where the rock has been largely
altered and alunite formed owing to the presence of sul-
phuric acid solutions or vapours.

The mineral occurs as rhombic hexagonal crystals,
with a specific gravity of 2.58 to 2.75 and a hardness
between 3.5 and 4.0. The crystals are brittle, transparent
to sub-translucent, and optically positive.

Potash alunite is isomorphous with natro-alunite,
a complete series of minerals being known ranging from pure
K20.3A1203.4803.6Hp0 to pure Nap0.3A1203.4803.6Hp0. ‘The
composition of pure potash alunite, or Simply alunite as it
will henceforth be designated, is as follows:-

Ko0 11.4%
A1303 37.0%
S03 38.6%
HoO 13.0%

The chemical behaviour of alunite under various
conditions has been studied by a number of investigators.

The reactions occurring during calcination of the
mineral taken from United States deposits have been reported
by Waggeman and Cullen [2] and later by Fink,Van Horn and
Pazour [3], Ogburn and Stere [4] and Adams [5]. These writers
also fully discuss the solubility in acids, alkalies and water
of the material at different stages of thermal decomposition.
Similar work was carried out on ore from the Pingyang deposits
by King and Hsiao [6].

Deposits of alunite are known at Kanowna, near
Kalgoorlie, and detailed work on the properties of the mineral
from this source was undertaken by Bowley [7] in 1920. He
concentrated mainly on its thermal decomposition and its solu-
bility in various reagents. The first of these properties is
of outstanding importance in the work on Lake Campion alunite
described in this thesis and it is therefore of interest here
to list Bowley‘®s conclusions in that direction. . His conclusions
which agreed in most essential details with those of the other
authorities cited above, were briefly as follows:-

w{i) Alunite is unaffected by dry heat at temperatures
up to 300°C. :

(ii) The decomposition of thg mineral in alum roasting is
) in two stages. At 400 C. the mineral loses 4%

molecules of water with the formation of a basic
sulphate of aluminium and potash, and on further
heating to a temperature of 500°C., the remaining
water is removed, forming an anhydrous basic
sulphate. On the addition of water the basic
sulphates dissociate, producing a true alum and
precipitating aluminiuwn hydrate.

(iii) Alunite heated to a teuperature of 800°c. dissociates
completely into potassium sulphate, alumina, sulphur
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trioxide and water. Frart of the sulphur trioxide
dissociates further into a mixture of sulphur
dioxide and oxygen.

(iv) On heating alunite to a temperature of 960 C., the
potassium sulphate formed is dissociated and inter-
acts with the alumina to form soluble potassium
aluminate, or, in the presence of silica, insoluble
potassium alumino-silicates.® .

3. FPREVIOUS WORK ON ALUNITE:

Alunite is known to occur widely distributed throughout
the world, but the most extensive overseas deposits are at La
Tolfa and uontioni in italy, kusaz and Bereghszasz in Hungary,
liarysvale in Utah and throughout China and Korea, while lesser
deposits exist in France, Austria, Greece, Spain, Nevada and
Arizona.

The mineral has been exploited in Italy since the 15th
Century for the manufacture of potassium alum, and, according to
Thorpe [8] the harder and more compact varieties from Hungary
have been used in the past as millstones. The mineral has been
used directly as an artificial fertilizer but in more recent
years alunite deposits have been worked chiefly for the recovery
of potash and eluminium salts, with sulphuric acid as a by-
product. The most recent development in this direction, however,
is the claim by Eichelberger [9] that commercial production of
metallic aluminium from the llarysvale alunite will begin in 1942
with an estimated daiily output of 50 tons of aluminium ingot.

A considerable amount of investigational work has been
carried out on a number of the deposits but the literature on the
subject is not very extensive. A large number of claims have,
however, been made in the patent literature relative to treatment
methods stated to be satisfactory for the handling of thesé ores.

in the following brief review of the literature, no
claim is made to completeness, but the notes will at least
indicate the variety of angles from which the alunite problem
has heen attacked. While some of the methods are commercially
feagsible, others can scarcely hope for application outside the
laboratory. - :

The calcination or fusion of mixtures of alunite with

a wide range of other reagents has been subjected to many :
. investigations in the past. Fox [10] for instance, claims that

decomposition of the alunite is facilitated by calcination at a
low red heat in the presence of fluorspar while ileyers [11]
recommends the calcination of a mixture of alunite and limestone
below fusion temperatures. He claims that Ko0 and S0, eze
are volatilized, while the sinter remaining makes a marketable
alumina cement. Simple water-leaching of the calcine obtained
by roasting alunite and lime is stated by lprgan [12] to give a
good recovery of K5804, but in actual practice this method
received something of a setback when applied commercially to
the Utah deposits during the last war. The operator concerned
had shipped some tons of the crystals, obtained by evaporation
of the extract, before realising that this “potassium sulphate®
was in reality syngenite, the double potassium calcium sulphate

Glaeser [{13] heated alunite with steam and CaClo at
7000-800°C, to produce HCl, recovering the potash as KCl by
leaching the calcine.

Kametzkii and Kashcheev [14] calecined a mixture of
alunite and armmonium sulphate at 4000-50006. and recovered the
values by water extraction. A similar calcination has been
suggested in Australia, with alunite replaced by bauxite,
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for the recovery of alumina from the.low grade bauxites of
this country. - . : i

A method which received limited commercial application

. during -the 1914-18 ‘war period was that designed by Cemeron and
. Cullen [15]. A company exploiting the Marysvale deposits of

Utah used the process which involved roasting ground alunite
mixed with sulphuric acid. On leaching the calcine a solution
was obtained of alum and aluminium sulphate. Ammonia liguor
from a nearby gasworks was used to convert the aluminium sulphate
to ammonium alum and the alums were marketed as such.

Shoeld [16] obtained potash alum and A1o(804)3 by
treatment with HoSO4 of the calcine resulting from ighition of
ground alunite and carbon in a reducing atmosphere, while Chow,
Liu and Sun [17] extracted nearly 100% of the Ko0 by heating a
mixture of alunite plus 12% of coke to 800°C. in an electriec
furnace. When: the evolution of SO0, was complete, the roast
was cooled amd extracted with water. FYotash was recovered from
the filtrate while the residue was fluxed with NayCO3 at 900°C.
for recovery of Al203. Recoveries of S0, Alp03 and"Kp0 by
this method are claimed as 87%, 80% and 100%, réspectively. The
same workers [18] obtained 96% of the potash as K2S04 by beiling
calcined alunite‘with.K2003 solution. .

Work on different alkali fusions has been carried out
by Huffman and Cameron [19] in recent years. They found that

-after fusion with hydroxides of either sodium or potassium, the

ma,terial was water soluble, and the values could be.converted to
the corresponding carbonates with precipitation of asulphates by
treating the solution with BaCO7 and CO2 under pressure. The

components were also rendered water soluble by fusion with Naps,
atcomplished by heating the alunite with NagsS04 and coal breeze.

" Two years later [20] these workers report that the use of KpS04

instead of NagSO4 for the sulphide fusion had distinet advantages,
mainly in the recovery of pure potassium salts not readily
obtainable when sodium sulphate was used. '

They then recommended [21] the sintering of alunite with
Ko804, E2C03 and coal in alundum-lined furnaces, the sinter being
lesched to Obtain a solution containing principally potassium
aluminate, KoS804 and KoCO3. After precipitation of a pure
alumina, the mo%her liquo% was evaporated to give a practically
quantitative recovery of KoSO4q. The residue of carbonate with

- water was used in further alunite decomposition.

, " Whether the above methods of alkali fusion would apply
equally well to. run-of-mine ore as to the small high grade
samples used in the test work is a point still to be investigated.

Koster, Knickerbocker, Fox and Perry [22] detail a method
whereby K804 and Alpy0, are recovered from alunite by fusion with
boric acid. - The procesSs involves sintering the alunite with boric
acid, leaching the sinter with water to remove the potash and
excess boric oxide which are later separated by brine flotation.
Al507 is recovered by sulphuric acid leaching of the water-insoluble
regilue from the sinter and is precipitated electrolytiBally from
the A15(SO )3 solution. 7The method requires a mixture of boric
acid and a%unite containing 30% boric acid and a temperature of
1100°C. for 2 hours.

Knickerbocker and Koster [23] have made laboratory studies
of a number of electrometallurgical tresatments of alunite. They
found, inter alia, that 90% of the Alo03 in high-silica alunite
can be volatilized by treatment with chlorine gas and carbonm at
temperatures of 500° to 625°C. lwost of the potash was rendered

‘water soluble and could be leached from the .residue and fume.

The .possibilities of calecining alunite mixed with no
other reagents has, of course, occupied the attention of many
workers in this field. . - '
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Simple calcination and water extraction has proved

‘applicable in certain instances, while in others either acid

or alkaline solutions have bheen found best as extraction media.

Agcording to Chappell [24] when calcining alunité in
either a stack or rotary kiln the formation of aluminates is
encouraged by a deficiency of air. Though Hershman and Cooke [25]
delibverately maintained reducing conditions within the kiln to
obtain these aluminates, the vast majority of workers have
calcined under conditions of excess air.

For the majority of calcinations on any but laboratory
scales the rotary furnace has been most favoured. The only
references found to other means of roasting were in patents taken
out by Chappel [26] and [27] in whieh he suggests the calcination
of high grade alunite at.900° to 1000°C, in muffle furnaces to
recover an S0, uncontaminated with furnace gases. The same
investigator 28] also covers a process involving the calcination
of the ore in a closed retort and the recovery of elemental sulphur
a8 a sublimation product.

Labutin and Kotypin [29] extracted potash by treating
alunite calcined at 550°C. with 5% NH40H solution and filtering.
The residue was digested with FNaCOH at 95%-100°C. whereby 85% of
the alumina was recovered as a product carrying 0.5% 8iO2. Hohorst
and Wang [30] recovered 96% of the Ko0 by a similar method, during
which they found that an excess of NH40H led to disselution of

" gome of the AlgOé. They later [31] treated the potash residue

with NaOH at 80°C., dissolving more than 93% of the AlgO%. This
golution they claimed to be suitable for Al203 recovery by the
Bayer process (stirring after seeding), giving a 70-77% yield,
the product being practically free from iron and sufficiently low
in 8i0y for metallurgical purposes.

Ssun [32], as a step towards obtaining a pure Al203 from
siliceous and ferruginous Chinese alunite, calcined the material
at 550°-600°9C. for 4 hours and treated the cold residue at 40°9C.
for 4 hours with ten times its weight of 6% NH40H. The mixture
of ammonium and potasasium sulphates obtained on evaporation of
the extract gave a product suitable for direct use as a fertilizer
or for separation into its component salts.. This latter step

‘was carried out by Liu [33] by .treatment with Ca0 of a solution

of the salts whereby NH, is evolved, CaS04 precipitated and KoS04
recovered by evaporatiofl. - Chow [34] calcined alunite at 575°C.,
mixed the caleine with 60% of its equivalent weight of CaO,
boiled with water and recovered as high as 95.9% of the K2804 by
concentration of the filtrate. L

Tanaka [35] and [36] roasted Korean alunite at 600°C.
and extracted with ammonia to recover potash. The residue of
Al20> plus gangue was pulped with water, treated with SOp and
an a%uminium sulphite obtained free from Si0p and FepU3. This
method for the production of a high grade alumina was also found
successful by Chow [37]. : . '

Yamazaki and Furukawa [ 38] describe a method in which
alunite is ignited at 550° pulped with water and subjected to a
gtream of 802 resulting in solution of 90% of the alunite.
Aymonium sulphite is added and at 110°C. over 94% of the Alj0
is precipitated. On filtering, potassium and ammonium sulphales
are recovered from the filtrate. After igniting as above,
Yamezaki [39] also claims a high recovery of AlpO3 and Ko0 by
treatment with 50.9° Bé HoS04 followed by additionh of (NHg)2S04 -
sufficient to convert all the aluminium to ammonium alum.
Alumina is recovered subsequently by precipitation with,N33 from
alum solutions. o
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. Uther patents covering procedures involving calcination
include those of Tone [40] and Hirota [41]. Tone reduces alunite
by fusion in-an electric furnsce at‘2100°C. to alumina for the
refractory industry, while recovering SO3 and KoO as volatilization
~ products. Hirota electrolyses an HCl exTract 6f calcined alunite
in-a two-compartment cell. Free acid is generated in one compart-
ment while at the cathode Al1(OH)3 is precipitated by the alkali
hydroxide generated in the -second compartment.

Not as much work has been done on treatment methods not
involving calcination. Of these so-called wet methods, treatment
of the raw ore with caustic solutions are the only ones to receive
much attention. '

The bebaviour of alunite when treated with KOH solutions
under a large number of varying conditions has been studied in
detail by Hohorst and Hou [42] and by Adams [5]. The latter
obtained 25% of the alumina in solution by treatment with 5N
KOH and NaOH, whereas Hohorst and Hon obtained, under optimum
conditions, 97.6% of the Ala03, 99.2% of the SU; and 96% of
the K20 in solution by treatmé@nt with 12N KO a% 80°C., with
97% of the alumina going into solution at 40°C. The alumina
carried 1.2% of 8i0,, though this figure was later [43] reduced
to 0.3% Si05. ' . - ' ‘

Raw alunite was treated by Wildman [44] with KOH and the
Al(OH)3 was precipitated from the extract by COp. After removal
of the Al (QH)3, potassium sulphate was recovered by evaporation
and the mother liquor treated with CaO for regeneration of KOH.
Yonemura and others [45] on the other hand, digested alunite with
KOH under conditions which gave a solution yielding KoS04 on
cooling while the mother liquor, oun dilution and seeding, gave a
precipitate of aluminium hydroxide. .

- Detweiler [46] patented a process which involved digestion
of raw alunite with boiling HNOq. -‘Alumina was precipitated from
the extract with NH3 and KNO3 réecovered from the filtrate.

The economics of potash recovery from alunite as applied
to American conditions are discussed fully by Thoenen [47] while
in a more recent paper {48] the same writer reviews the alunite
deposits of the United States and their possibilities as a source
of metallic aluminium. -~ .

4, ALUNITE IN AUSTRALIA:

o No deposits of any significance are known in Tasmania,
"Victoria or Queenslznd.

" Larger deposits have been described at Bullahdelah (N.S.W.)
and at Carrickalinga and Warnertown in South Australia. in all of
these localities the alunite occurs as a lode formation. The
three deposits are described by Pitman: [49] and Jack [50] in
publications of the appropriate State Department of idines.

The extent of the exploitation of the Bullahdelah ore up
to the end of 1927 is summarized by Harper [51] while in more
recent years the deposit has been re-opened and alunite shipped
for the production in Victoria of potash alum. The South
Austral ian alunite has been developed only spasmodically, the
main activity apparently having been during the war years of
1914-18 wheh somé tons of a very pure product were shipped from
the Carrickalings deposit to chemical works in England. Janes [52]
states that during the same period Carrickalinga alunite was
¢alcined with limestone in lime kilns and the resulting product,
containing 2.5% of potash, used in a small way as a fertilizer.
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. In Western Australia, deposits have been described by
Simpson [ 53] at Kanowna, Wallangie, Northampton and Revensthorpe.
At Kanowna a minor industry was established during the war years
for the winning of a small tonnage of untreated raw ore, which
was used as a fertilizer after the addition of 200 1b. -of slaked
lime per ton of alunite. This addition of lime was claimed to
render the Ko0 water-soluble, making the mixture a satisfactory
substitute for the normal potash fertilizer,

As far as can be ascertained from the published literature
no systematic work, other than that carried out by Janes [54)
has been undertaken on the treatment of the New South Wales and
South Australian alunites. Janes®! detailed experiments led
him to the conclusion that "the problem is not a chemical or
mechanical one so much as an economic one. With favourable
conditions Austrdlia should be easily able to supply her needs
of potash salts without delay from her deposits of the mineral
alunite." He claims that a satisfactoxry potash fertilizer
could be obtained from the alunite of the New South Wales and
South Australian deposits by a process involving crushing to
about 4+ inch, roasting "in a suitable furnace™ alone, or,
preferably, after the addition of molasses or sawdust, till
all soluble alumina is absent and grinding the calcine to
minus 40 mesh. The calcine to be extracted with hot water,
filtered in a pressure filter and the filtrate evaporated
to obtain potassium sulphate. The addition of the carbonaceous
material to the alunite prior to thermal treatment was to
assist the removal of the SO3 from immediate contact with the
ore by providing other gases produced from the combustion of
the admixed material.

The Kanowna (W.A.) alunite has been studied by bowley
[7] whose work led to the conclusions already gquoted, but
otherwise no systematic work appears to have been carried out
on other alunite deposits of this State.
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11. THE TLAKE CAMPION DEPOSIT
1. LOCALITY: ‘

o _ fhe deposit is situated at Lake Campion in the Avon
"district of Western Australia and lies about 22 miles from
Burracoppin in a direction a few degrees west of north. .1t

is 7 miles south of the nearest railway siding of Weira which
is on the line from Southern Cross via Bullfinch to VWyalkatchenm
and is some 30 miles north of Merredin on the main Kalgoorlie-
Perth road. It is about 165 miles from Perth in a direction 20
degrees north of east. :

1 The district is decidedly dry with an average annual
rainfall of only 10 inches and is largely dependent for water
upon the nearest standpipe of the lMundaring-Kalgoorlie water
supply scheme. At present this branch pipe-line is located
about 3 miles from the lake but could readily be extended should
a treatment plant be established at the site of the deposit.

The evaporation is stated toc be 85 inches per annum.

The surrounding country is fairly thickly timbered and
could possibly provide sufficient fuel for the generation of
producer gas which could be used for roasting and as a source
of power if necessary. ’ .

2. EXTENT AND NATURE OF THE DEPOSIT:

Lake Campion covers an area of 426 acres and is dry for
the greater part of the year. After heavy rains a few inches of
surface water may accumulate and remain for several weeks. Fer-
manent water occurs a few feet below the surface, its actual
level varying with the season. This water is strongly saline
and contains a small percentage of free acid.

Varying estimates of the quantity of ore available have
been made, a typical and average figure being 9 million cubic
yards of material aversging60% alunite. It has been found in the
laboratory that the density of the ore in situ is approximately 2,
thus the above is equivalent to about 8 million tons of pure .

Unlike other Australian alunite deposits, the alunite of
Lake Campion occurs as a sedimentary deposit, consisting of very
fine material mixed with kaolin and quartz. Xxcept for the first
few inches of the deposit where gypsum crystals occur plentifully,
and for isolated patches where quartz sand is encountered, the
whole . of ‘the material readily passes a 200 mesh I.h.M. screen.

A large area of the lake was bored and sampled by a
party including the writer. Though some hore holes were taken
to a depth of 14 feet, those for sampling were limited to the
first 3% feet, this depth representing some years' supply to a
plant of the proposed capacity.

Semples were taken of the first six inches and of each
succeeding foot to a depth of 3% feet. The samples were analysed
at the University and except for a few bores near the edge of the
lake showed a remarkable consistency with depth and over the area
bored. The average KoO figure was 7.35% equivalent to 64.6%
alunite, while silica averaged 21.l%. :

Gypsum occurs in varying amountis on the surface and
throughout the first few inches but is generally absent below
6 inches. For the first two to four feet the alunite occurs as
a dark greyish blue material and with depth this grades through
various greys to almost white. Uccasional layers of red are
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_encountered, these usually overlﬁylng shallow strata of grltty

sand just above bedrock. .

3. GHOLOGY OF DEPOSIT:

Lake Campion. is one of a salt lake system whlch appears

"to have been at an early stage, an old river system running

westward to the sea. The salt lakes are divided from each other
by ridges of képai, and occasionally of impure to pure white seed
gypsum. These ridges rise to a helght of 20 to 25 feet above the
level of the lake beds.

Rock outerops in the vicinity are not numerous, and what
there are are usually obscured by laterites of mainly granitic
origin. The granltes that occasionally outcrop near the lake are
distinctly gneissic in character and are typical of those gneissic
granites found forming a 1arge portion of the West Australlan

plateau.

The main Tock outerop actually adjoining the lake occurs

-at its north-western corner. The rock is a highly altered and

decomposed granite in which the felspars are almost completely
kaolinised. The general contours of the land in the immediate

- vicinity -of this outcrop make it the logical choice for the site
.of the proposed treatment plant.

The lowest layers of the deposit consist of hard red
gravel, often formed with conglommerates by siliceous cementing.
The whole lies in a depression in the gneissic granite typical
of the surrounding country and which undoubtedly forms the
ultimate fundamental bed of the lake.,

Samples of ore taken from Lake Campion were submitted
to Dr. F. Stillwell of the Ilelbourne University for examination.
He divided the samples into a decantation product and a residue
by an arbitrary water clagsification. <The decantation product
consisted mainly of alunite grains 2 to 5 microns in diameter,
with quartz grains ranging in size from 14 to 20 microns present
in varying amounts. Occasional grains of bleached biotite and
limonite were also reported with abundant limonite accompanying
the quartz in samples from the red strata. Some diatom skeletons
were present in samples from nearest the surface.

In the classification residues, the chief mineral present
was quartz ranging from 3000 to 50 microns in size. Very
occasional crystals of pyroxene were detected, together with
bleached biotite and grains of limonite. A few needles of
gypsum were observed. (

An X-ray examination of the material by lir. J. Shearer
of the Physics Department of the W.A. University showed the
presence of alunite and quartz, a small quantity of kaolinite
and traces of mica, gypsum and dehydrated alum.

4. CHEMICAL COMPOSITION AND PHYSICAL PROPERTIES OF ORE:

The specific gravity of a typical sample of the dry ore
after washing was found to be 2.63, while the water-soluble
salts present in the unwashed- ore comprlsed 4.88% of the weight
of the sample.

Bowley. has made a complete analysis of a sample of the
water washed material dried at 105%. The sample was taken over
the first 3 feet of the deposit, and can be regarded as reasonably
typical of the dep031t as. a whole. The figures obtalned were

.as follows.
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K50
A1203
803
810,
Fe203
Ca0

lig0 .

P205

T102

C1

Combined water
002

Organic matter

Less O = ‘Cl

7424
27.47
26.47
21;17

2.27

Nil

0.47

0.78

0.17

0.12

0.98
12.43

Nil
_0.58
100.15
—0.22

99 93

per cent

Assumlng all the potash to be present as aluﬁlte, the

above analysis gives an alunite percentage of 63.7, which is in
fair agreement with the average figure of 64.6% as obtained on
the unwashed bore hole samples taken by the writer and party as
The average silica content as shown by

analyses of these unwashed samples was 21.1%.

mentioned in II.Z2.

. A sample of the sub-surface water, taken during December
from a bore hole near the centre of the déposit, had a pH of 4.2

and a specific gravity at 24°C. of 1.069.

A complete analysis of

the salt content of the water was carried out and the radicals
were combined to give their simplestsalts with the results shown “

in Table 2.“
Table 2. Analysis of Sub-surface Water: ’—TLW&nﬂu&a?aWL
U':m-»? 2l '«%M 41}_
LB a0
Salt Grams per litre Greins per gallon Slutains
> 2 Cf&cu\a%‘&q.
Ca80, 2.57 180 thonsaticle,
: QVM/\"L:‘) shentd
CaClo 3.96 277 brtronsed,
{ e
Iﬂgclz 10.53 737 0l
\ /‘”&/A/W
A15(8041)5 1.71 120 jﬂhﬁﬁhy
K2 804_ 1.04 '7 3 ‘}ma&&m,!t/ ‘8
A g
NaCl _70.61 4943 b st
&)’} ‘\&V(‘ﬂt
Total Solids 90.42 6330 Ftessted
Yelecet e |

- It is evident that the salts from this water are going
to represent a considerable percentage of the final recovery of
water-soluble salts from the ore.
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111. TREATMENT METHODS.

Of the large number of treatment methods proposed in
the literature, only a few can be considered relative to their
appllcatlon to the Lake Campion deposit.

The suitability of the more recent American methods
involving fusion with alkali sulphides, alkalies, or boric acid
depends largely on the ready availability of the necessary
reagents. 1ln the cage of the laryvale deposits, for instance,
sodium sulphate is readily available from the Great Salt Lake
and in nearby deposits of Glauber's salts, so that, with a
plentiful supply of cheap coal on hand for reduction purposes,
the treatment method involving fusion with alkali sulphides

takes on some commercial significance. ©Similarly, large and
relatively cheap supplies of borates are available from the
Searle’'s Lake brines of the neighbouring State of California.

In Australia, and at Campion in particular, these
favourable conditions do not hold. liethods devending on the
use of ammonium salts for decomposition are similarly not
favoured, due to the small quantities of these salts available
locally and the high freight charges involved in shipping the

reagent from gas works in the Lastern States.

In the case of. Lake Campion then, and in view of the

-urgency for producing a potash fertilizer, simple straightforward

calcination and water leaching seems the logical method on which
to concentrate research work, even though it might involve the

.production of a relatively low-grade finished product.

The possibility of improving the grade of the material
prior to calcination was given some consideration, though it was
fully realized that deposits of this type would not easily be
amenable to concentration by ordinary gravity ore-dressing
methods. In fact, the removal of silica by such methods from
any run-of-mine ore from even the higher grade alunites of the
Utah lode-formations is regarded by U.S. Bureau of Mines
investigators [55] as being 1mpractlcable.

Working on Chinese alunites, Hohorst and Wen [56]
succeeded in reducing the SiOs content from 41.6% to 25.4%

' by simply crushing the material and removing all particles.

greater than 0.075 mm. This method, apparently taking advantage

- of the ready'grindability‘pf alunite compared with that of
‘quartz, results.in a slight concentration of iron as well as

of alunite, and -is obviously not appllcable to deposits of the
type found at Lake Campion.

Ishikawa [57] claims to have floated -alunité from a
siliceous gangue using as reagents 0.1 to 0.2% acetic acid or
acetate and 0.1l% of palm oil.

Some flotation work was accordingly undertaken on
Campion alunite by another investigator but the results obtained
were not sufficiently encouraging to warrant further work in this
field.

Neither was the material amenable to gravity concentra-
tion or hydraulic classification, and so, except perhaps for a
preliminary washing to remove water soluble salts, no suitable
method was found for 1mprov1ng the grade of the ore prior to
calcination. -
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The advantages which would follow the removal of the
water soluble salts before thermal treatment of the ore appeared
so great that considerable time was spent in attempting to find
a satisfactory means of achieving this end. That none was found
was due mainly to the poor settling and filtering properties of
the material. A redeeming feature of this failure lies, however,
in the possibility of being able to produce a marketable sodium
and/or magnesium salt from the sulphates formed from these
original water soluble salts during calcination. One hundred
tons of the ore yields approximately 10 tons of KpS04 and, if
not washed before treatment, a further 5 tons of sodiuwm.and
magnesium sulphates will-also be recovered.

The separation of these salts from the potassium
sulphate presents a major problem. ’

: After the early test work, therefore, it was decided
to concentrate on the prodiuction of a low grade fertilizer from
unwashed ore rather than to aim at a final potash salt of high
purity, unless this latter could be achieved by some subsequent
crystallization cycle as opposed to removal of the sodium and
magnesium salts by preliminary washing.

The éimplest method seemed to lie in the recovery by.
crystallization from the leach liguors of glaserite, the double
sodium potassium sulphate K3Na(SO4)2rcontaining about 737 K2804.
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1v. FRE-CALCINATION PROCESSES

1. FILTRATION OF RAW ALUNITE:

Attempts were made to wash the water-soluble salts from
the alunite by pulping with water and filtration of the resulting
slurry. This work may be divided into three main sections, com-
prising filtration tests

(1) without addition of possible filter aids;
(ii) after addition of possible filter aids;
(iii) after preliminary dehydration of the alunite.

A. ZEguipment Used.

Three different filter leaves were used for the. vacuum
filtration tests described in this section.

In the early work, a leaf 12 inches square was used (leaf
A), giving a filtering area of 2 square feet. The filter medium
was 10 ounce duck over coconut matting, and the filtrate was
drawn away through holes in -the piping constituting the frame
of the leaf. '

The large quantity of pulp required when using this
leaf, together with the difficulty experienced in preparing
homogeneous pulps from the moist ore, led to its use bein
abandoned in favour of a smaller leaf., This leaf (leaf B) was
made in the same manner as the first, but was only 6 inches
square with a total effective filtering area of 0.5 sq. ft.
Tests made on the same pulp and under identical conditions,
using both these filters, gave results in satisfactory agreement.

In making tests with either of the above leaves, the
filter was immersed vertically for a measured period in a pulp
tank at the bottom of which low pressure air could be admitted
for agitation purposes if necessary. The cake was flood-washed
by immersion in a water tank, and then allowed to drain under
vacuum for the required period.

The leaf in each case was connected to a dry vacuum
pump through a filtrate receiver. Filtrate was removed from
the receiver by a centrifugal pump set below.the outlet of that
vessel, while a moisture trap was included between the receiver
and the dry vacuum pump to prevent ligquid passing over into
this pump. Pumps of the latter type are designed with small
clearance and would be injured by ligquid, hence the need for
the above precaution.

Leaf C was used for all later tests. 1t consisted
of a small disc over the under surface of which the filtering
medium was stretched, while from the centre of the upper surface
a tube could be led to the vacuum equipment. Thus in making
a2 test, the leaf could be immersed in a pulp, vacuum applied
and the filtrate drawn through the filtering medium (held away fraw
the upper surface by radial ridges within the disc) into the
body of the disc and then away to the filtrate receiver. The
effective filtering area was 0.1 sq. ft.

In making filter leaf tests, the operation of a
continuous vacuum filter was always kept in mind. While under
vacuum, the test leaf was submerged for the chosen cake formation
period, then immersed in the washing tank, and finally removed
and held with the drain pipe down for the draining and drying
. time allotted.

When using leaf C, the operator had the choice of four
different filtering media. These were respectively calico, and
10, 15 and 174 oz. duck, the weights representing the weight of
the dry cloth per square yard.
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To determine which of these media was most suitable
for handling the raw alunite, filtration tests were carried
out on a 2 to 1 pulp made up from an air dried sample of the
ore. The vacuum was 26 inches and a three minute filtratign
cycle was observed. The results are shown below in Table 3.

Table 3, Filtration of Raw Alunite using Different Kilter

Cloths:
F L4 &)
Filter . il¢t § r L a g e —

Tegt |Filter Wet lioisture ry‘ e
No. Cloth gm % _gm., gr/sq £t
1 Calico 21.2 31.0 14.6 146
2 10 oz. 25.8 31.8 17.6 176
3 15 oz. 24.0 30.4 16.7 169
4. 117% os. 23.0 29.6 16.2 162

With the clarity of the filtrate much the same in
each test, it is apparent that the 10 oz. duck is the most
suitable for this work of the four cloths tested. It was
accordingly used in all subsequent filtration tests on raw
alunite pulps. '

B. Experimental Details:

(i) Filtration without addition of possible filter
aids: )

These tests were carried out using leaf A described
above.

The conditions of the tests were such as to duplicate
as closely as possible the operating conditions of a rotary
drum filter of the Oliver type, running at 407% submergence
and 6 minute and 3 minute cycles, respectively. The pulp
ratio was varied between 2 water : 1 solids and 2.3 water : 1
solids, giving pulps of specific gravity between 1.3 and 1.25.
The material was obtained as a homogeneous pulp only after
30 minutes treatment in a mechanical agitator. The pulp so
obtained showed no tendency to settle even after 24 hours
standing. '

The thickness, wet weight per square foot, and
moisture content of the filter cake were determined, after
- which the water-soluble salt content of a sample of the dry
cake was estimated.

The conditions and results of some of these tests are
shown in Table 4. '

The cakes formed were approximately 0.l inch in
thickness, which is on, if not below, the lower 1limit for
practical handling. £t was found possible during the tests,
however, to blow the cake cleanly away from the filter c¢loth
with small air pressures of the order of 5 1b./sq. in.

. From the results it is evident that -

(a) To treat 350 tons per day, the filtering area
required would be between 3820 and 4080 sq. £t. for the usual
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Table 4. PFiltration of Raw Alunite - no filter aids.

Filtration Conditions Filter cake
. &
!
=) Q &
43
- S g o ) :;3
i e | 8ol 88 S8 o |BFY by
& 3° lanlo8 | o™ |H B |98 2
o] . . .
& 12 o (97 [|T8 8o | Holafes| 8y 29
_g - o~ =] B o4 | PO o 34—’(\qu @Qa’ L]
0§0 G ool e e O e ok ~N ot ST oot
4o |488 88| F8 |58  SelTu. BS |d88s B, |8 *
ax |Sdajsal e |88 83 3%wi 89 1533812888
5 144 | 80 | 60 6 |2 33.0 | 0.59{ 15.8 0.89 81.8
6 72 | 40 { 30 3 12.3 33;1 b 0.40) 11.7 1.02 79.1
7 72 | 40 | 30 3 12.3136.1 | 0.43] 10.9 | 0.98 79.9
8 72 -1 72 3 1243 (317 | 0.43} 10.9 1.32 73.0
* The unwashed alunite contains 4.88 per cent of water-soluble salts.

3-minute filtration cycle. Taking into consideration the
inevitable fluctuations of plant conditions and the deterior-
ation of the filter cloth due to such factors as cover-blinding,
these figures would be in the vicinity of 5600 sq. £t. This
filtering area is equivalent to seven filters 14 ft. diameter
x 18 ft. long, or five 14 ft. x 24 ft. machines.

(b)

Hven if it proved practicable to reduce the

- gycle time to, say, 1% minutes, a very large area (approx.

3600 sq. ft., see ¥ilter Tests 60 and 61) would still be
required and the thickness of the cake would probably in
itself prove prohibitively small.

(c) The cake is very impervious and carries an
uncommonly large water content. These two factors result in
an unsatisfactory washing efficiency.

(&) Less dense pulps, though giving a higher salt
removal efficiency, would require still larger filter areas
to handle a given tonnage.

(e) The above factors, together with the high water
consuwnption involved, combine to make impracticable the
removal of the soluble salts from untreated alunite by
pulping with water, followed by filtration and washing.

(ii) Eilfration after addition of possible filter aids:

Attempts were made to improve the filtration conditions
by the addition of certain filter aids to the pulp.

Owing to the difficulty of obtaining suitable
quantities of homogeneous pulps, it was found expedient
to use filter leaf B throughout most of the following tests.

Before commencing a test, all pulps were conditioned
in a mechanical agitator for 15 minutes in the presence of
the required quantity of filter aid. The gelatin, filter alum
and starch were added as solutions, while the lime was added
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slowly as a powder contéining'?O% free Cal.

The calcined alunite added in Filter Tests 14 and 15
was a -10+20 mesh groduct which had been calcined at a maximum
temperature of 750°C. and then washed free of water soluble
salts. The results obtained using up to 10% of this material
in the pulp were so poor that the tests were repeated using a
more finely ground calcine. The minus 40 mesh fraction of the

calcine resulting from a 7509C. roast of an unclassified material
(see later, Calcination Test 25) was accordlngly extracted with
water, the fines classified off and the remaining granular
pontion used for admixture with the raw alunite. In pulps
carrying even 20% of this calblne, the filter cakes formed
were gtill very sticky and impervious and the general results
were discouraging.

These tests were carrled out under the following
constant conditionss-

Filtration Cycle 3 minutes.

Filtering Medium 10 oz, duck

Vacuum 26 inches

Filter leaf used Leaf B (Tests 7, 9-15,20-25,

Leaf G (lests 16-19)

and the results are tabulated in rable E.

Table 5. Filtration of Raw Alunite - filter aids added.

Reagent added Ratio Filter cake
Filter] - ) water Dry W/S
Tegt to lioisture weight Salts in
No. Nature Quantity, alunite | content per sq.ftidry cake
1lb./ton ‘ % 1b. %
7 - 2.3 36.1 0.43 0.98.
9 ! Gelatin 1 2 35.0 0.43 0.82
10 Filter alum 1 2.25 37.7 0.44 1.10
11 " 5 " 3747 0.42 0.90
12 | Starch 1 i 39.4 0.48 1.34
13 w 4 @ 39.6 0.46 1,22
14 Calecined .
Alunite (coarse) 112 u 3644 0.46 1.18
i5 oo 224 1 35.4 0.47 1.34
16 Calcined -
Alunite(fine) O 3 P 2949 0.25 n.d.
17 oo 112 L : © 30.1 0.25 i
18 224 a [ 35.2 0.31 w
19 " 448 a £ 34.6 0.40 J
20 jCa0 15 2.35 45.0 0.51 1.45
21 | ® 25 L (. 48.1 | 0.57 1.92
22 | = 35 “ L 47.9 | 0.59 1.95
23 | 45 w 48.7 0.61 1.99
24 a 55 w I 55.5 0.86 2.83
25 « ' 45 5 | 47.0 0.40 1.11
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From the table it will be seen that the addition of
gelatin, filter alum and starch gave filter cakes only insignific-
antly .greater than those obtained without any additions to the
pulp, while the moisture content of the cakes showed slight
increase.

‘ After allowing for that portion of the cake made up
of the added calcine, it is evident that the addition of
leached calcine to the raw alunite will not provide the solution
to the problems associated with the filtration of that material.

The only effective way to build up reasonable cakes
seems to lie in the neutralization of the acidity of the ore and
the consequent flocculation of the particles. The results of
Test 24 show that it is possible to reduce the number of filters
required by half by using 55 1b. of lime per ton of raw alunite.
On the other hand, a very moist cake is discharged under these
conditions and the residual water-soluble salt content of the
dried cake is 2.83%. The sharp rise in the weight, per square
foot, of cake obtained between Ca0 additions of 45 and 55 1b.
per ton indicates that, at the lower lime additions, the Cal
is consumed in neutralizing the. acidity of -the ore, while at
about 45 lb. per ton the lime is sufficient, in addition, to
precipitate as hydrate all the water-soluble magnesium
associated with the alunite. Beyond this stage, the alkalinity
of the pulp rises rapidly with consequent improvement in
filtration properties. The quantities reguired are, however,
so large as to preclude the use of lime as a filter aid in
commercial practice. Ilioreover, the treatment has very little
effect other than a replacement of the soluble sodium salts
of the alunite by calecium salts, which salts would doubtless
be just as troublesome in subsequent treatment stages as
those already present.

A further series of tests were made in which increasing
quantities of various reagents were added to the pulp prior to
filtration. Filter leaf C was used throughout these -tests,
which were carried out under more rigidly controlled conditions
than were possible when operating with the alternative equipment
used in the work already described. ,

Though the filtration conditions varied slightly from
one set of tests to another, all tests with any one reagent
were carried out under strictly comparable conditions, and with
a blank test for purposes of “comparison. Thus the pulp ratio
may have varied slightly from one set to another, but was con-
stant and known for any one set. The same applies to such
factors as temperature and vacuum.

The following lists the limits of such variationsz-

Pulp ratio l.g to 2.1 gater to 1 solids.
Temperature 15°C. to 21°C.
Vacuum 25% to 26% .inches.

The constant factors were as follows:-

Filter medium 10 oz. duck

Filter area 0.1 sqg. ft.

Conditioning time 3 minutes.

Cake forming 72 seconds
" draining 34 seconds
" washing

(flood wash) 40 seconds
Cake drying 34 seconds.



The results of these tests are set out in

table (Table G).
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the following

Table 6. Filtration of Raw Alunite - filter aids added.
Filterx Cake
Filter Reagent Moisture Dry weight W/S salts
Test added Content per square in dry cake
No. 1b./ton % foot ; %
\ 1b.
NaOH: - ' , C
26 0 28.2 0.3% O.g%
2 29. - 0.3 0.
zg 2 29.0 0.36 0.66
29 10 30.6 0.43 0.81
30 20 32.6 0.51 1.13
K,50, A1 (80,) . 24H,0: -
31 0 25.3 0.34 -
32 'é’_ 20.2 0034 -
33 1% 28.4 0.34 -
34 2 28.0 0.34 - !
35 27.9 0.34 -
Na,HPO, .12H,0: -
2°°Y4
3 1 29.1 0.32 -
3 3 32.8 0.30 -
39 5 30.2 0.30 -
40 10 - 30.4 0.32 - ,
igCOqs -
’ 4‘13 lﬂ Ow 27.8 . 003‘5 -
42 2% 29.6 . 0.33 -
43 5 29.6 0.34 - x
42 15 29.7 0.33 - :
Tamnins - . _ i
45 | 0 28.7 0.34 - {
a6 | 5 29.9 0.30 - g
4§ ( 1% 28.8 0.31 - ﬁ
4- ! 3 2805 0030 - z:
Starchs:- | ;
50 | 0 29.4 0.31 - §
51 ] 1 28.3 0.29 - ;
52 | 3 29.5 0.30 - ?
54 ; 7 30.4 0.28 -
i
%Charcoal:-
55 4% 0 28.9 - 0433 -
" 56 % 224 30.0 0.37 -
!

of the reagents tried, caustic soda .alone gave any
increase in filtration rate and it is most probable tinat its
use as a filter aid would not prove economically.sound. The
same would apply in the case of potassium hydroxide,
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Filtration after Freliminary Dehydration of the
Alunite:

(iii)

There are a number of references in the literature to
the improvement in settling and filtering rates of clays and
like materials resulting from a prelxmlnary dehydration at
temperatures below 300°C.

Cook { 58] for example, describes the handling of &
clayey gold ore in Nevada with thickening and filtering
properties in the raw state remarkably similar to those of the
Lake Campion ore. OUn dehydration at a temperature greater than
110°C. the physical properties of the ore changed entirely,
giving a product that settled and filtered almost as well as
a quartz ore. The process, which also removed the sticky
milling properties, was carried out in an ordinary commercial
dryer at the cost of 100 1b. coal per ton:of ore,

1t was thought probable, therefore, that the filtering
properties of alunite would be improved by subjecting the
material to a preliminary low temperature heat treatment.

Five representatlve samples of a minus % inch mesh
product were heated for two -hours at 110°C., 1609C., 2109C.,
3109C., and 4109C., respectively. A sixth sample was thoroughly
alr dried at room tempe;ature. The moisture content of this

air dried sample was 5%, while the losses in weight of the
original samples due to treatment at higher temperatures were
5.0% (1109C. 5.8% (16000 )y 6.4% (21000 )s 7.4% (3109C.} and
15.6% (41000.).

In pulping these products, the addition of water gave
a rapid breaking down of the lumps to form a reasonably uniform
slurry in the cases of the products dried at room temperature,
110°¢. and 160°C. Heating to 210%¢. gave a mass less readily
broken down in water, and appreciably stickier than that obtained
after heating at the lower temperatures, while the material
treated at 310 C., though perhaps less sticky, was still more
dlfflculu to break down to a consisteht slurry. Heating at
410°C. gave a hard lumpy material requiring mechanlcal grlndlng
to obtain an even suspen31on.

Filtration tests were made on the air dried materlal,
and that dried at 110°C. and 210°C. The following conditions
were observed in all tests:-

Pulp ratio 2 Watér‘to 1 dried solids

Filtration temperature 15°¢c. :
Filter medium 10 oz. duck
Fil ter area 0.1 sq. ft.
Vacuunm .25 inches
Cake forming : © 72 seconds.

" draining . 34 "

" washing . N

*  drying - 34 @

The results are detailed in the following table (Table 7):

Table 7. Filtration of Dehydrated Alunite,
Filter Temperature Filter cake
Test of Thickness oisture Dry Weight per
No. Drying inch con%ent 8q. f?ﬁ
57 air 1/16- 29.3 0.26
58 110°c. 1/16- 30.2 0.27
59 210°c. 1/16~ 33.6 0.21
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Hrom the results it appears that a decrease in filter
area of something less than 5% only would result from drying
the ore at 110°C., while dehydration at higher temperature would
only add to the filtering difficulties.

The above 5% improvement would in practice be increased

by a factor depending on the temperature rise of the pulp due
to the pulping of material at a temperature approaching 110°C.

2. WASHING OF RAW ALUNITE BY COUNTER-CURRENT DECANTATION:

The feasibility of using counter-current decantation
methods for washing the water soluble content from an ore or
mill product depends to a large extent on the settling properties
of the material.

In practice, the most valuable guide is the settling
area reguired to handle one ton of solids per 24 hours by this
method. This figure depends on the free settling properties of
the solids and, taken in conjunction with figures showing the
behaviour of the material under conditions of compression
settlement, gives the number and dimensions of thickening tanks
required to handle & given daily tonnage.

A general fbrmula, suitable for application to experi-
mental results, is derived as follows:~

Let A sq. ft. be required per ton of solids per 24 hours.

R ft., per hour be the rate of settlement at a given
dilution. )

T tons of water be separated per ton of solids per 24 hr.
for a given dilution.

® tons be the weight of water to 1 ton of solids at a
given dilution. ’

D tons be the weight of water to 1 ton of solids in the
final discharge.

Then

P = 62.5 x 24 x A x R
2240
= B - D
therefore
A - 1.493 (F - D)
R ’

Generasl Settling Properties of Alunite:

Settlement tests on alunite- taken direct from the deposit.
carrying 18.6% mdsture, and on the air dried material containing
in this case 3.8% moisture, showed a remarkable difference in the
settling properties of the two materials. -

Whereas the settlement rate of the undried product, even
at 10 to 1 dilution, is extremely slow, that of the air dried
material is more satisfactory, though still slow. In addition,
after 72 hours settling, the pulp ratio in the first case was
3.13 of water to 1 of solids, while in the second case the final
ratio was 1,33 to 1. :

The "dry" material formed a homogeneous slurry with
water much more readily than the ore carrying 18.6% water. The
behaviour of the drier material was checked on a second sample
and the figures obtained were substantially the same as those
in the first test.
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The possible effect of ageing on the settling properties
was determined by repeating general settlement tests after the

Only verysligh

t

alteration in settlement rate or final density was noted.

hours settling from a 10 to 1 pulp is shown in the accompanying

The general behaviour of the two products during 72

graph (Figure 1).
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Efficieney of a System of Counter-current Thickenerss

) The efficiency of any system of counter-current
thickeners depends primarily on

(a)
(b)
(c)

the number of thickeners used,
the quantity of water used,
the pulp ratio of the thickener underflow.

A syétem of n thickeners isshown diagrammatically
as follows: -
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FIGURE II, COUNTER CURRENT WASHING SYSTEM,.

Let Tl, T2 eeo Tﬁ represent the tons of salts per ton of
water in thickeners Nos. 1, 2 .... n respectively.

w = tons of wash water entering thickener n per day.

tons of water leaving the system per day in the
] underflow from thickener n.
w" = tons of water per day in overflow from thickener
. No. 1. :
wit = tons of water added per day to thickener No. 1 as
moisture in the feed (= w'+ w" - wj.
tons of salts added per dgy to thickener No. 1 as
water-soluble salts in the feed.

v w?

8

Then equating the tons of salts into and out of each thickener
per 24 hours we get the following set of equationss-

s + WTZ = W'Tl + W"Tl = (W' + W“)Tl
wily +wly = wlhp +wil, = (w+w) Tp

’ - Wil o twhy = Wl g +wi'Tyq = (w+w')ly g
VAN = wi, + Ww'E, = (w+ w' )T,

The value of w can be controlled at will by the operator, while
w' depends on the degree of compression settlement obtainable
with a given ore. s and w''' are characteristicas of the ore
being handled, with w'" directly dependent on the values of w,
w' and w"', '

Thus, with wt, w'" and s obtained experimentally the
above equations can be solved for T1, T2 eeee Tpn. That is, the
extent to which the removal of water-soluble salts has proceeded

! at any given stage in a multi-stage system can be determined, or,
: alternatively, the efficiency of a system containing a given
number of units. Or it may be that the number of thickeners:
required to reduce the water-soluble salt content to a given
figure is sought.
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The assumption that 350 tons of air dried ore would
be treated per 24 hours to give the required daily yield of
Ko804, leaves an adequate safety margin for calculating filter-
ing and settling areas. - This figure has been used in the previous
work oh filtration, and will be used throughout the following
work on thickening of raw alunite.

The quantity of fresh water to be added daily can be
arbitrarily chosen, say 875 tons (a ratio of water to solids
of 5 to 2), while the moisture content of a2 sun dried sample
of alunite was found to be 3.8%, giving 13 tong of water added
with the feed. The water soluble salts in the same sample were
4.88%, giving a daily addition to the system of about 17 tons
of these salts. Tests have shown that this material will settle
in a reasonable time to a maximum pulp density of 1.33 water to
1 of solids, and so 467 tons of water will be discharged daily
with the 350 tons of solids as the underflow from the last unit.

Thus, applying the above general equations to a series
of four thickeners used to wash raw sun dried alunite, we obtain
the following four simultaneous equationss-

17 + 875 &, = 421 T1A+ 467‘T1 = 888 Ty
467 T, + 875 Ty = 875 T, + 467 T, - = 1342 T,
467 T, + 875 T, = 875 Ty * 467 Ty = 1342 T3
467 T3 = 875 T, +467 T, = 1342 T,

Solving these equations, the values of the salt
concentration in each thickener are given by -

Ty = 0.0370
T, = 0.0182
T33 =  0.0081
T, = 0.0028

~ These figures show that the use of 4 counter-current
washing thickeners would, under the above conditions, result in
reducing the percentage of water soluble salts in the furnace
feed from 4.88% in the unwashed ore to O. 37ﬂ if washing by this
means were practised. - )

Similarly, it can be shown that about the same percent-
age of residual salts would be present if the amount of water
used were increased by 25p and the number of thickeners used
decreased by the same percentage, i.e. if 1094 tons of water
were added per 24 hours to a 3 unit system.

Determination of Required Thickener Dimengiong:

Practically all methods described in the llterature for
making these determinations are based on the original work of
Coe and Clevenger [59].

The determiha tion of the required settling area and
thickener depth can be made from a study of the settling
charscteristics of the pulp.

The two factors with which we are concerned are the
behaviour of the pulp in the free settling zone and 1ts behaviour
during compression, or hindered, settling.
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The free settling phase is that in which the particles
fall practically unhindered by each other and it is the rates
of settlement of the particles at various stages in this phase
that decide the settllng area required to handle a given tonnage.

in a thickener, the pulp in settling passes through
various zones between the dilution of feed and the dilution of
discharge. Thus, with a feed of pulp ratio 10 : 1 and a
digscharge of 1 : 1, there will be intermediate zones of 9 : 1,
8:t1 c000. 2 : 1. The depths of these zones will vary, as
will the rates of settlement in the different zones. Consequently
the zone displaying the slowest settling rate, relative to the
amount of water separated in: that zone, will be the one that
limits the size of the thickener. This is so because all the
pulp must pass through this slowest zone, no matter what the
rates above or below it may be.

Compression settlement occurs when the solids have
become thickened to such an extent that the particles rest on,
and are parily supported by, one another. Water is eliminated
at this stage by the pressure of the particles on each other and
in so doing forms channels which enable the commencement of the
compression settlement stage to-be recognized readily during
experimental tests in glass vessels.

After the pulp enters the compression zone, further
elimination of the water depends upon the area and depth of the
tank and upon the stirring action of the thickener rakes. Thus
the extent of, and conditions within, this zone partlally
determine the depth of the tanks to be installed.

Tests -were made to obtain the necessary figures to give
the thickener dimensions required to handle 350 tons of alunite
per day. These tests are described below.

(4) Free _Settlement, (Determination of settling area)

Pulps were made up from ‘the air dried and the undried
products, and couparative free-settlement tests carried out in
graduated glass cylinders under the following constant conditions -

Temperature eceeeescsscee 19 C.
Specific gravity of Dry

Alunite ® ¢ 8 6C° 0 609 080> s 2.63
Dry weight of alunite in

each cylinder oscceess 24 gr.
Volume occupied by .

Alunite ..l.......... 9 Cec- .

Settlement 1evels were read at two minute intervals for
each pulp dilution from 10 to 1 to the beginning of compression
settlement. 7This lebker stage was reached at about 4 to 1 for jdws
the air dried sample and at about 6 to 1 in the case of the un-
dried material. (See Flgure ‘L) :

The results obtalned were used for the determination
of the settling area required to handleraw alunite under the
two different conditions of moisture content. These results
are set out -in Table J.
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Table B. Free Settlement of Raw Alunite:

(&) uoisture in original ore 3.8%

F R D F -D | 1.493(F-D)| A sq.ft/ton/24 hr.
: ft/hr., 1.493(F - D)/R

3 - 1.33 1.67 2.49 ) Compression

4 0.04 ol 2467 398 ) settling

5 0.15 " 3.67 5.48 36.5

6 0.34 " 4.67 6.97 20.5

g 0.46 w 5,67 8.46 18.4

0.56 it 6.67 9.95 17.8

9 0.65 “ 'g.67 11.44 1g.6
10 0.69 . .67 '12.94 18.8

(b) Moisture in original ore 18.6%

3 - 3¢33 - - ) Coupression
4 - “ 0.67 1.00 ) settling
5 . - " 1.697 2.49 )
6 - 2.67 3.98
g 0.04 u 3.67 5.48 137
0.05 w 4,67 6.97 139
9 0.09 w 567 8.46 ! 94
10 0.09 “ 6.67 9.95 i 111

The abvove figures show that the minimum allowable area
for settlement is 36.5 sq.ft/ton/24 hr. for the "dry" material
and 139 sq.ft/ton/24 hr. for the undried ore. ‘

Adding 10% to each for plant emergencies, the figures
become 40 and 153 sq.ft/ton/24 hr., respectively.

These figures compare favourably with areas required for
thickening other slow settling materials such as bauxite residues
after HoS04 digestion and water-floated clay. In the case of
clay, cases are known where over 200 sq. £t/ton/24 hr. have been
required to thicken from ¥ = 60 to a discharge carrying about
20% water. The tonnages to be handled were, however, relatively
small. '

Thus to handle 350 tons per day the respective settling
areas required would be 14,000 s¢z. ft. and 53,500 sq. ft.

Washing by counter-current decantation would therefore
involve, for example,

(i) ‘on air dried material, 3 series of 4 thickeners,
) each approximately 77 ft. in diameter.

(ii) On undried ore, 6 series of 4 thickeners, each
approximately 106 ft. in diameter.

(B) Hindered Settlement, (Determination of depth of
compression zone) )

The following figures apply only to the air dried
material.‘ ) -

Compression settlement tests_were carried out at 19°C.
giving the following results. (Table 9)
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Table 9. Hindered Settlement of Raw Alunite:

Reading of Volume Dilution Time .1Corres-

pulp line of Gm.water ;| interval|ponding
2 Water 1 Solids t - faverage dxt
CeCo (a=9)c.csd a_ -9 hours (dilution

- 24 a
93 84 3.50 - Co- - -
87 78 3.25- 0.25 3.38 0.84
82 73 3.04 0.25 3.15 0079
80 71 2.36 ' 0.25 3.00 0.75
77 68 2.83 0.25 2.90 0.73
75 66 2.75 0.25 2.79 0.70
73 64 2.67 0.25 2.71 0.68
72 63 2.62 0.50 2.65 1.32
68 59 i 2.4 0.75 2.55 1.91
66 .59 I 2.38 0.50 2.42 1.21
64 55 i 2,29 0.50 . 2.34 1.19
61 52 P 2.17 1.00 2.23 |} 2.23
58 49 ;. 2.04 1.00 2.11 2.11
45 36 { 1.50 17.00 1.7 30.09
44 - 35 “g 1.46 2.00 1.43 2.96
43 34 i 1l.42 2.50 l1.44 3460
41 32 i 1.33 42.50 1.38 | 58.60
TOTAL 69.75 109.69
hE=====2========================

Hence the average dilution in the compression zone

1.56

- iR

and average specific gravity of pulp in this zone

= 1. 6 + 1 = 1032
T.56 + 1
5,63

Also,

final density - solids to 1 part solution

Hours retention necessary to reach this
density (say) cee ces
Sg.ft./ton of solids/24 hrs.

Capacity in 1b. dry solids/sg.ft./hr ...

LK N 3

1.33

48 (see graph)
40

2433

To hold these quantities/sq.ft./hr. for 48 hours will mean

storage for 43 x 2.33 = 112 lb. solids
. A . = 287 1b. pulp.
Hence depth of compression zone is
287 -
[P YR 3.48 feet.

Determination of

(¢)

Thickener Dimensions:

Assuming 3 series of counter-current washing thickeners,

the following figures are now available -

Solids to be handled per 24 hr, per

thiCkener - tons [ 3 o 00 o e 0 o s e 117
Settling area required - sq.ft./ton/24 hr.. 40
Total area, required for thickener - sq.ft.. 4670
‘Diameter of thickener = £te oo see cee 77
Assume slope of raking arms in thickener -

in./ft. L3N I ] L N 2 LR N ] e 00 LK BN ) l%
Maximum ‘depth. of arms - ft. «.e ces cees 3.75
Assume 2/3 of this depth ineffective due to :

golids building up under %akes; SO
'ineffective depth - fto N Y LN I L 2'50
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Determination df Thickener Dimensions (Contd.):

Total depth of thickener - £t

Ineffective PR s e eece ) 2050

Compression zone . ... cos ees  3.48

Feed well ;ns_ oo so e coe 200
Total 7.98

Hence, to reduce the water soluble salts in air dried
raw alunite from 4.88% to approximately one-thirteenth of this
figure by counter-current washing in thickeners, it would be
necessary to install 3 series of 4 thickeners, each unit:to be
77 feet in diameter by 8 feet deep.

Filtration of Thickener Underflow£

Further de-watering of the pulp would be necessary to
give a product of the nature required for the furnace feed. This
would involve filtration of the underflow from the last thickeners
of the series. As no washing of the cake on the filter would be
necegsary, a filter with high diametral submergence, of the order
of 40%, could be used. :

Filtration tests were made to determine the filtering
area required to handle the 817 tons of pulp discharged daily
from the washing thickeners. This pulp has a consistency of
4 parts of water to 3 of solids and was duplicated in the
laboratory by making up a slurry of the required density using
2 sample of the azir dried ore.

The tests were made under the following constant
conditions:- . )

Filtering medium

10 oz. duck

Filtering area of leaf 0.1 8q. £t.

Vacuum | 26 inches

Pulp ratio 4 water to 3 solids
Temperature, 19°¢C.

The results are shown in Table 10.

Table 10. Filtration of Thickener Underflow:

1

{ )

Filter Filtration Cycle Filter Cake Filtering
Test . area
No. Cake forming| Draining etc.| Moisture Dry cake required
sec. sec. "% 1b./sq.£t. 8q.ft.
60 72 108 30.3 0.46 3550
61 36 54 30.4 0.35 2330

The last column gives the filtering area required to handle the
equivalent of 350 tons of ore per 24 hours under test conditions,
It is usual to allow a generous margin in calculations of this
kind to compensate for plant fluctuations, cloth blinding etec.,
and for pulps of the type under test it is reasonable to assume
that the operating capacity of a filter is-of the order of‘0.7
times the test leaf capacity. . So, applying this “cover-blinding
factor" of 0.7 to the results of Filter Tests 60 and 61 above, we
obtain filtering area requirements of 5070 sq. ft. and 3330 sq.
ft. respectively, depending on the filtration cycle adopted.
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Settlement of Dehydrated Alunite

If the settling rate of the unwashed alunite could be
increased by a factor of at least two, removal of the water
soluble salts by counter-current decantation would provide a
reasonably cheap and efficient method for the commercial handling
of this material. The figures obtained in the sections above,
however, are such as to preclude the use of such a process for
washing untreated or simply air dried ore.

In the hope that this ore would behave similarly to
those described by Cook [58] and others, it was decided to carry
out a series of settling tests on algnite partially dehydrated
by heating to temperatures up to 400 C,

: The samples described in Section IV, I, (iii) of this
report were used for the test work. Fulps of a consistency of
10 fluid to 1 solid were made up from ore which had been sub-
jected to preliminary drying at room temperature, 110°C., 160°C.,
210°., 310°C. and 410°C. respectively.

The settling rates and pulp ratios of each slurry were
recorded over a period of 28 hours, at first at 6 minutes
intervals, but later at hourly or longer periods.

The pulp ratios are plotted against the time interval
on the accompanying graph (figure ILI.).

F%;o fatro — Mo water per /b SOtas

Dirdriedy | oo
1= ! T » e
/10°C \ ; R

t
{
)
|

7} 4 8 /2 76 Z0

Sertiing Time — Pouvrs

FIGURE IIT,. SETTLING CHARACTERISTICS OF PARTTALLY
DEHYDRATED ALUNITE.
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Hrom the resuvlts it is apparent that a slight
improvement in the settling properties arises from a prelim-
inary drying at 1100C., but preheating to temperatures above
this figure causes a marked decrease in the rate of settlement.

The improvement due to the low temperature drying is,
however, definitely insufficient to warrant such treatment in

practice.
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Vo CALCINATION

(1) PILOT PLANY:

The pilot plant consisted essentially of two units, a
grlndlng unit and a calclnatlon unit.

(i) The Grinding Unit'

) This unit consisted of a horlzontal cylinder made of
10-mesh screening for the earlier tests, later replaced by ¢
screening. The cylinder, 18" long by 9% diameter, was closed
at each end, with a feed hopper at one end. The air-dried
materigl -was fed in and forced against the screening by bricks
rotating on a shaft along the 1ong axis of the cylinder. It was
brushed through the screen by wire brushes following the bricks.

With the cylinder made of 10 mesh screening,; this
crusher gave a product which was graded into three sizings in
the following proportions:-

-10+20 mesh 207
=20+40 mesh " 40
-40 mesh - 40%

These grades were used as such in many of the early
tests and were designated respectively coarse, middling and fine
fractions. )

With the 10 mesh screen replaced by the z inch screening,
a material containing only a small percentage of fines was obtain-
ed. In this case the grinder discharge was fed direct to the
furnace without any preliminary grading.

(ii) Ihe Calcination Unit:

The rotary kiln used in all calcination tests was 12 feet
Long, made up of two 6 ft. sections; the external diameter was
254 inches, while the internal diameter, after lining with fire-
brick, was 16 inches.

Four thermocouple holes were ﬁrovided at 3 ft. centres
along the furnace, each being fitted with chromel-alumel couples
and terminals for millivoltmeter leads.

_ The cylinder revolved on rollers, commonly at the rate of
3 to 5 rep.m., though the speed could be varied, if required,
between 1 and 10 r.p.m. i

The fall from the horizontal could be adjusted to a
maximum of 1 f£t. over. the furnsce length. The angle of inclin-
ation wag adjusted by a hydraulic jack operating under a short
length of channel iron welded to the furnace chass1s.

All mov1ng parts were driven by & 4 hip. motor, through
a reduction gear coupled directly to the drive shaft by means of
a flexible fibre coupling.

Variation of speed was obtained by providing different
diameter pulleys which could be fitted at the reduciion gear.
The motor was situated under. the cold end of the furnace cylinder
and was enclosed in a light gauge iron cover to exclude dust and
fine particles of material. A reversing switch was provided so
that the furnace could& be revolved in either direction.

At the feed end, the furnace Waslfitted with dust
chamber, exhaust stack and hood and an automatic feeder capable
of feeding gquantities varying from 1 to over 500 lb. per hour.
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At the discharge or combustion chamber end there was no
gear to allow of the continuous removal of the calcined charge
from the firebox, though such a fitting would have undoubtedly
increagsed the ease of operatlon of the furnace.

nhe 0il burner used was a ﬂrank Saunders No. 1 non-
rotary burner, capable of. burnlng up to 6 gallons per hour and
down to about 1 gallon per hour. The blower unit supplying air
to the burner was mounted on 1nsu1at1ng material on top of the
combustion chamber. c . . .

The'refractorylfbr»the‘furnace lining gave trouble
during the earlier tests.. An attempt was made to reduce heat
losses by including a layer of diatomaceous earth between the
furnace shell and the actual firebricks, but even during prelim-
inary trials-this &rrangement proved mechanically unsuitable.

'The furnace was accordlngly relined with special 4%%
thick firebricks, the insulating layer of diatomaceous earth
being omitted. The bricks Were»manufactured from -

(a) & highly baux1tlc flreclay of good refractory
properties,

(b) a kadlinised andalusite schlst with 35% andalu51te
and,

(¢) a fireclay grog, highly burnt and graded.

The quantltles of these materlals used were in the proportlons
of 6:2:1 by volume respectively. t

After preliminary grinding, screening and pugging the
mix was extruded, cut and regressed to standard size bricks,
then dried and burnt at 13507C. with 24 hours soaking.

This lining gave good service throughout the tests.
Though the actual furnace operating time during the test work
would not have been more than 250 hours, the furnace lining was
subjected to fairly severe conditions due to the many heating and
cooling stages passed through in the course of the nine month
perlod over Whlch the tests were carrled out.

As orlglnally lined, tumbling of the charge within the
furnace was brought about by two straight longltudlnal rows of
tumbler bricks projecting some 2% from the .main lining surface.
This resulted in the gases being given off. in surges each half
revolution and consequently in difficulty in controlling the
roasting conditions. When relined, the two rows of tumbler
bricks were so laidas to form a double helix along the length
of the furnace. This arrangement resulted in better heating,of
the material and the continuous evolution of gas; and, in
addition, allowed of a wider control of the time of through-put
depending on the direction of rotation of the furnace.

(2) ‘CALCINATION TESTS:

In all the following calcination work, the time of
calcination refers to the period elapsed between commencement of
the feed and the appearance of a steady flow of calcine at the
discharge end. The temperature of calcination is given as the
reading shown: at the thermocouple nearest the discharge end and
may be 250 to 50 C. below-the maximum attained for the short
periecd just prior to dlgcharge from the kiln.

Coarse, middlirgs and fines refer resyectlvely to the
-10+20 mesh, =-20+40 mesh and -40 mesh fractions into which the
crusher dlscharge was graded. An ungraded feed is qualified as
such by the 3121ng of 1ts coarsest fraction.
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. Caleining the raw alunite at high temperatures (around
900°C.) for a prolonged period results in a loss of 33% in the
original weight of the dry alunite, mainly as SO3 and combined
water. In calcination tests reported, the "addlélonal ignition
loss” refers to the weight lost when a sample of the calcine from
e pilot plant roast is subjected to-a further ignition_in the
laboratory muffle at temperatures between 900o and 95006. for 1
to 2 hours. 3By this treatment, total thermal decomposition of
the sample can be assumed.N

The efflclency of a’ roast depended primarily on the
percentage of the original KoO content of the alunite which was
rendered water-soluble by the calcination process. This figure
was obtained by determining the total KoO content of the calecine
sample by fusion with sodium carbonate and estimating the
percentage of KpoO in the melt. The water-soluble KoO was deter-
mined by exXtracting 70 grams.of. the calcine with water under strict
ly standardized conditions and determining the K50 in the extract
by the cobaltinitrite method.

The potash alunite content of the ﬁaterlal fed to the
furnace throughout these tests averaged between 64% and 65%,
while 21% was the average 51llca flgure.

A, . Furnace Characterlstlcs

(1) Capacitx-

Tests were undertaken to determlne the maximum capacity.
of the kiln. A temperature of -800°C. and a calcination time of
15 minutes were chosen arbitrarily and carefully maintained
during each test. The feed consistedvof air-dried middlings.

At feed rates of 1 cwt. per hour and 2 cwt. per hour.
the efficiencies of calcination and of gas disposal were satis-
factory, but when the feed was increased to 3 cwt. per hour there
were obvious signs of choking within the kiln. The draught through
the kiln was insufficient to carry the products of decomposition
up the stack, and it was apparent that the working capaclty of
the kiln had been exceeded.

(ii) Fuel Consumption:'

A check on the fuel consumption was made during the
tests described in section (i) above, thé results showing a three-
fold increase in the quantity of o0il consumed when the feed was
increased from 1 cwt. per hour to 2 cwt. per hour.

‘The conditions and results of these tests are tabulated
in Table ll. .

Table I1. Rotary Kiln - capacity and fuel consumption.
Calcina- Feed Calcining { Fuel - Iixtra %
tion Test|iiaterial | Rate Time Consumption |Ignition | Extraction
No. . mesh cwt/hr. min. gal./hr. | Loss % %
1 [=20+40 1 15 0.55 8.5 72,4
2 w 2 S - 1.70 9.1 69.9
3 W 3 W Kiln capacity exceeded
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(iii) Time of Through-put:

Tests conducted at speeds of rotation of and 5 revs,
per min. and with the inclination of the kiln at 4% and the
direction of rotation opposed to that of the tumbling spirals
showed that the maximum period for which material could be
retained 1n the furnace was about 60 minutes.

. By 1ncrea51ng the rate of rotation and the slope of the
kiln, it was found that the minimum practical period of oalcln-
ation was 5 minutes.

B. Calcination‘VariableS'

The maln varlables ‘that could affect the efficiency of
calcination are .

(i) Temperature of calcination
(ii) Time of calcination

(iii) Sizing of feed

(iv) Rate of feed.

Work was carried out to determine the optimum calcin-
ation conditions by a series of tests in which three of the above
factors were kept constant with the fourth varied between what
were considered practical limits.

(i) - Temperature of Calcination:

S A number of pllot plant calclnatlons were undertaken at
temperatures between 700 °¢. amd 900°C.

The condltlons and. results of these tests are shown in
Table 1 ' - '

2
Table 12. Calclnatlon at Varlous Lemperatures.

Conetant conditions -

Sizing of feed . -10+20 mesh
Rate of feed - - . 1 cwt. per hour
Time of calcination 20 minutes.
. : ¥oU in Calcine
Calcn. Calcn.- HExtra W/S salts Total | Water- K00
Test lemp. Ignition | in Calcine| % | soluble j Extraction
No. o¢, 7 Loss % -7 ‘ % %
4 720 ©12.0 29.5 | 7.90 5.93 75.1
5 750 - ¢ 8.8 . 24.9 7.98 | 6.13 76.8
6 800 . | 7.2 . 22.9 | 8.13 | . 6.34 78.0
7 850 5.8 21.7 | 8.67 6.13 20.7
8 900 - | 2.3- . 18.2 | 9.04 5.11 56.5
_ 2 4

From the above figlres it appears that at 850°C. the
reaction has already commenced between the alunite and sgilica,
g1v1ng rise to insoluble potassium alumino-silicates. Above
850 C. the extent of this reaction increases rapidly, with a
.reeululng marked decrease in the percentage of water-soluble
potash in the ca101ne.
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The decided decrease in the total water-soluble salt
content of the calcine with increasing temperatures of calcin-
ation is explained by the formation of potash alum at the lower
temperatures, followed by decomposition of this soluble compound
to form potassium sulphate and alumlna at the intermediate
temperatures.

At 900°C. there is probably some potassium aluminate
formed in addition to the. inseluble potash compounds resulting
from a reaction between the alunite and the gangue material.

(ii) Time of Calegination:

A furtner series of tests Was " conducted to determine
the effect on the potash recovery of varylng the time of calcin-
ation at different temperatures.’

When the periodé of calcination were only of the‘order‘of
5 to 10 minutes, a fairly lhigh rate of feed had of necessity to
be maintained. This was advantageous in that some variation in the
rate of feed between short and long period roasts would have the
effect of keeping the actual loading conditions within the furnace
more comparable from one test to another.

The furnace feed for these tests was in 2ll cases the.
-10+20 mesh material.

The results are tabulated in Table L3.

Table ZZ' Calcination for varying periods.

Calen.| Calen.| Time Extra w/s. - K50 in Calcine

Test |Temp. |of [gnition|Salts in Water- K50

No. Ce. Calcnl. Loss Calcine Total | soluble Extraction
RER min. % - P % % %

9 695 60 | 14.3 | 26.1 : 8.63_ - 5.21 60.4
10 750 | 20 8.8 24.9 | 6.13 76.8
11 ;50. 45 6.2 23.0 g 6.96 g9,5
12 | 750 60 7.1 25 3 . 6.76 0.0
13 750 1 90 5.9 .2 8.96 6.46 72.1
14 800 8 9.8 25.9 8.39 6.13 73.0
15. 800 20 6.4 23.7. . -8.72 6.74 77 o &
16 800 30 4.0 21.5 9.67 6.57 - 67.9
1 00 5 4.3 19.2 8.92 5.31 59.6 .
1& 300 20 2.3 18.2 9.04 5.11 5645

For the production of potassium sulphate it 1s obvious
that any temperature below about 720°C. is unsatisfactory unless,
perhaps, a roasting tlme very much in excess of one hour- be
- allowed.

The results of varying the calcination period of tests
run at 750°C. indicate that no useful purpose is seryed by pro-
longing this period beyond an hour - optlmum conditions seem to
be attained after 45 to 60 minutes.

. As materlﬁl could be maintained in the furnace only for
‘a maximum period of 60 minutes, Calcination Test 11 was run at a
45 minute rate and the resulting calcine sampled and, after
cooling, fed again to the furnace to give the 90 minute thermal
treatment of Calcination Test 13.
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Tests 14-16 show that a period of 30 minutes in the
kiln with a maximum temperature of 800°C. is excessive when
using material of the nature fed during this series. In eight
minutes, on the other hand, the degree of decomposition is
insufficient to give a maximum regcovery of potash, so that, when
calcining at this temperature, some period intermediate between
10 and 30 minutes seems most satisfactory.

At 900°C. a temperature has been reached at which re-
conversion of the potash from a soluble to an insoluble state
has commenced even after as short a calcination period as 5
ninutes.

(iii) - Sizing of rurnace Feed:

, The effect of the particle size of the feed on the
efficiency of calcination was tested by two methods. In one,
separate tests were run using first the -10+20 mesh material and
then the -40 mesh product, while in the other, only one calcin-
ation was carried out on an ungraded minus 1 inch ore, from
which the various sizing fractions of the calcine were sgeparated
and extracted independently.

It was not possible to obtain a reliable and detailed
sizing analysis of, say, 2 minus 1 inch batch of raw alunite,
owing mainly to the extent of the crumbling unavoidably :
agsociated with the process of screening. The calcine, however,
could readily be graded, eithexr by hand or in a mechanical grader.

The sizing of the calcine has therefore been taken as an
indication of the sizing of the feed in the case of an unclassified
feed. This is reasonable as the errors introduced are small,
consisting as they do of losses of fines as flue dust and some
slight crumbling of the bigger particles due to the tumbling
action within the furnace. Usually a given nodule retains its
shape and size quite well during its passage through the furnace.

< Table 14 shows the conditions under which this series
of tests was- conducted, and the results of the calcination of
alunite under such condlulons.‘

Table IZ. Calcination at Different Sizings.
Calein- | Calcin-| Time of - Extra
ation | ation |Calcin- Jurnace Feed |5 nit-| w/s | %00
Test Temper-{ation Rate fractions ion Saltsin| Bxtract-
No. ature min. |lphr.|Sizing|Fer cent|loss |Calcine| ion
oC, of feed % % %
19 750 60 56 |-10+20| 100 | 8.0 | 26.7 | 80.9
20 750 60 64 {-40 100 7.6 24.5 | 67.5
21 800 17 112 [=10+20{ 100 5ed 20.4 | 70.7
22 800 15 112  {=-20+40} 100 8.5 25.3 | 72.4
23 900 - -5 168 {-10+20{ 100 4,3 19.2 | 59.6
24 900 5 168 i-40 100 2.0 13.7 | 36.3
aLlubg? 2.0 {11.9 | " 25.0 ! 58.7
§"+~" 21.1 2.5 23.7 | 66.6
25 750 60 88 wav8" 27, 5 .2 25.4 | 78.2
L6+L@o" 25.2 | 8.0 25.5 1 78.5
-1/40+1/80" 18.9 | 8.1 28.4 | 78.5
-1/80% 5.3 1 7.8.{ 34.1| 78.9
26 750 40 168 |-3" 100 }10.8 22.7 | 75.3
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The figures for Tests 19-24 show that it would be bad
practice to feed dry fines alone to a furnace of the type used
for these pilot plant calcinations, even at low rates of feed’
similar to that adopted in Test 20. Apparently, a charge
consisting of fines (minus 40 mesh) alone has the effect of
impeding the flow of air through the kiln, and, indirectly, the
ready removal from the body of the furnace of the gases of
decomposition of the ore. In the case of high temperature roasts,
an additional factor working against the use of fines is the
existence of conditions more favourable to the reaction between
the potash and the silica and/br alumlna to form 1nsoluble
potassium salts. .

From Test 25 1t is apparent that decomposition of the
alunite will not~proceed to the desired stage if the nodule size
is greater than 4 inch, but below this size the potash recovery
as Kp804 from an uncla351lled feed is independent of the partlcle
size, provided, of course, that too large a percentage of fines
is avoided.

Test 26 was carried out to confirm the suitability of
minus 4+ inch material, and also to accumulate calcine for
subsequent leaching exper1ments.

(iv) Rate of Feed:

As stated previously (v, 2, A(i)), it was not possible .
to treat 3 cwt. per hour in the pllot plant kiln, while at 2 cwt.
per hour the potash recovery was beginning to fall off. 1t
appears, therefore, that the maximum desirable rate of feed
would be about 1ls cwt. per hour, with perhaps greater recovery
efficiencies at rates between 50 and 150 1lb. per hour. It was
between these latter two rates, therefore, that calcinations
were run when undertaken primarily to accumulate material for
later test work. .

The temperature gfadlent along the kiln during 750°C,
roasts for 60 minutes at three dlIferent rates of feed are shown
in Pigure I¥. (See C following).

The féed rates were 56, 88 and 105 1b. per hour and the
recoveries of potash from the resultlng caleines 80.9, 78.5 and
80.0 per cent, respectively. Thus within these limits the rate
of feed does not appreciably affect the water-soluble K580,
content of the calcine. . )

(v) Summary of Sub-section 2B:

From the foregoing calcination tests it can be con-
cluded that the best results are obtained from the material and
equipment used throughout the work, when the main calcination
variables are kept within the following limitss-

(2) iemperature of Caleinations~- Maximum temperature of

750°C, to 800°C. As pointed out at the beglnnlag of Sub-section
2, these temperatures are probably 25° to 50°C. below the true
maximum temperatures attained in the furnace section between the
end thermocouple and the furnace discharge. The temperatures at
various points along the furnace are shown below in Figures IV
and V, .

(b) Time of Calcination:;- Between 40 and 60 minutes for
7509C, roasts and between 15 and 20 minutes in the case of 800°c.
tegts., The time spent by the charge in the various temperature
zones is also shown in Figures IV and V.
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(c) Sizing of Feed:- Below one quarter inch and with a
minimum of fines. A detailed grading analysis of a calcine
resultlng from a 750°C. roast on an ungraded minus 4+ inch
feed is given in a later section dealing with the leaching of
these calcines.

(a) Rate of Feed:- Between 50 and 150 1lb. per hour.

C. HMiscellaneous Tests

(i) Temperature Gradient in Furnace:

Though the temperature of the roast was controlled
mainly from the reading at the thermocouple nearest the discharge
end of the kiln, in the majority of tests readings were also
taken periodically at the other three thermocouples. By this
means some idea of the thermal conditions at various points in
the kiln could be obtained. These latter readings served also
as a gulde to the steadiness of conditions within the furnace
prior to and during the passage of ore through the kiln. Thus,
when heating up the cold furnace, a steady reading of 750°C.
might be obtained at No. 4 thermocouple (nearest discharge) an
hour or so before the readings at, say, No. 2 were constant.

Figures IV and V below illustrate the temperature
gradients for a number of typical roasts. Graphs A and C (Fig.Llv)
and C and D (Fig. V) show the effect on this gradient of different
rates of feed during 750° and 800°C. calcinations.

Using the lower horizontal scale in Figure IV an idea
is obtained of the time spent by the charge in the different
temperature zones.

The corresponding scale in Figure V applies to all
graphs except graph D where the time of calcination was 15
minutes as compared with 20 minutes for all the remaining tests.
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Using the figures for the extra ignition loss given in
Table 12 and also those obtained for the loss of Welght of the
dry ore when heated at various temperatures between 110°cC.

410°¢C.

and

(see iV.B iii), it is possible to draw a curve showing

approximately the degree of completeness of decom9031t10n at

various temperatures.

Drsrorrce S0 D/.'rc/,-ar‘ye Lrrcy —  mrctHes.
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D _ 1800 | /5 |224._
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t
foo |— ﬁ
|
i
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Friocs of Colcirmmtiors — rpizectes.
FIGURE Ve TEMPERATURE GRADIENT ALONG FURNACE,

Varying Meximum temperatures)

mﬂperlments have shown that when thermal decomp051t10n
of the ore is complete, the resuluant loss of weight is 33 per

cent.

For temperatures above 500°¢C.

(obtained on pilot plant

calcinations) the ordinate scale (P) of the graph referred to
above is obtained from the relationship

where p7

33 =P

P

0.33(100-pJ

the calcine after pilot plant roasting.

extra or additional ignition loss, as determined on

For temperatures below 5000 (carried out on a laboratory
scale in a muffle furnace) the correspounding values of F are
obtained direct from weighings before and after calcination.
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FIGURE VI, THERMAL DECOMPOSITION OF ALUNTTE ORH.
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Figure VI then, represents the curve obtained by
plotting the values of P against the temperature of ignition
and shows the *two temperature regions in which decomposition is
most active, viz. about 400°C. where loss of combined water takes

place and between 700°C. and - 800 C. where the evolution of 804
is most pronounced.

(ii) Effect of NaCl in Furnace Feed:

The fact that the maximum potash .recovery from Lake
Campion alunite by calcination and water extraction was only
80 per cent is due mainly, it is thought, to the production of
insoluble potash salts at some stage of the calcination process.
The thermal decomposition, in the presence of mainly siliceous
gangue, of the mineral alunite itself would perhaps not be
complete without either higher temperatures or longer periods
0f calcination than were found most suitable during the test
work, and these latter conditions are 'those under which the
formation of the insoluble potassium alumlnates and silico-
aluminates is favoured.

In determining the water-soluble potash content of a
calcine, the leached residue was washed with an excess of water,
thus ensuring the quantltatlve recovery of all available soluble
potash salts.

It seemed possible, however, that the presence of sodium
chloride in the ore fed to the furnace might in some degree have
been responsible for this relatively low recovery. The glazing
of common pottery by addition of salt to the kiln during the re-
firing of the pottery is a well known process. iHere the salt
decrepitates, volatilizes and.the vapours attack the surface of
the clayware to give the typical salt glaze.

To test the possibility of a similar reaction taking
place during the calcination of alunite contamihated with sodium
chloride, three laboratory calcination tests were carried out
on ore containing increasing amounts of NaCl. The tests were
. made at 750°C. on water-washed alunite (NaCl, trace only),
unwashed alunite .(NaCl 4.1%) and unwashed alunite to which an
additional 5% NaCl had: been added.

The calcines were léached under identical conditions,
and the extracts assayed for potash.

The following percentages by weight of original dry
unwashed ore were recovered as KoS0,:-

NaCl in feed - trace ceeeceees 872
Na.Cl in fGEd - 4‘. 17'0 s e 80008 80 58
Na.Cl in feed - 9.1% e 600000 804’7

: The figures indicate that the presence of salt in the
furnace feed may very slightly reduce the amount of potash
recovered after roasting.. This may be due to a glazing effect
resulting in some of the otherwise water-soluble potash not
being recoverable by water extraction.

The loss from this source is, however, negligible
compared with the 20% loss -from other causes.

It is interesting to note here that Blough and liclntosh
[60] in an early patent suggest the mixing of NaCl with finely
ground alunite prior to calcination at a temperature sufficiently
low to prevent the formation of aluminastes, and the subsequent
recovery of sodium and potassium sulphates by leaching. HCL was
recovered from the flue gases. Cross [61l] claims satisfactory
results from the roasting of a mixture of alunite and salt in the
presence of steam at 500° to 700°9C. ~
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(iii) Behaviour of Chlorides during Calcination:

The water-soluble salts in the raw alunite .consist
largely of sodium chloride and it was considered likely that
during roasting most of thls chloride was converted to the
sulphate. ,

The feed and calcine from Calcination Test 12 (see
Table ;ﬁ) were carefully sampled and the chlorine contents
determined. The materlal used in Test 12 was -10+20 mesh, the
maximum temperature 750°C., duration of roasting 60 minutes,
and the X,0 recovery was 80%.

Analyses for chlorine of the feed and the discharge
gave the following results:

Cl' in d.ry feed ®eoerss0esscsenes 24‘9ﬁ7

Cl' ln d-ry C&.lClne ss0esess0000s O 018/‘?

Loss of weight on roasting ...... 30% )
Elimination of Cl' on roasting ... 99.5% approx.

That this chlorine appears in the flue gases as hydro-
chloric acid is evident from the results of work described in
(iv) below.

It does not concentrate in the flue dust under normal
calcination conditions (see (vi) below).

(iv) Gas Analysis:

The main gases evolved during calcination of alunite
ore from Lake Campion would be 804, HCl and water vapour.
Though the temperature in the.- hotter zones would be sufficient
to bring about the dissociation of S03 into SO2 and oxygen, it
was found that recombination had taken place almost completely
by the time the gases reached the furnace flue. This could be
due to a catalytic action of the dehydrated alunite in the
cooler zones, .

When calcining at maximum temperatures between 750°C.
and 800°C. the temperature of the flue gases at the base of the
stack was found to vary between 350°C. and 400°C.

The relative amounts of HpS04 and HCl that could be
obtained from this source would be an important factor in any
subseqguent process involving acid leachlng of the potash residues
for recovery of alumina.

A rough theoretical estlmatlon may be made by consider-
ing the calcination at, say, 800°¢. of 100 1b. of dry ore.

.Thus 100 1b. ore contains 2. 49 1b. Cl, 99.5% of which is
lost on ignition (see (iii) above).

Therefore HCl available <995 x 2.49 x 2028 1b.

5755 1b.

Also 100 1lb. ore contains 64.6 1lb. alunlte, equlvalent to 25 1b.
803 of which 75% is available by complete decomposition of the
alunite to KoO. 3A120 .803. The "extra ignition loss" when
caleining at 800°C.-averages 7%. fherefore decomposition can’
be regarded to “be only 85% complete (see Fig. VI).

Hence, 803 available .85 x .75 x 25 1b.

. = 15‘9
5804 equivalent = 5 lh.
HoS04/HCL = 7.65
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During a pilot plant calcination test at 800°C., a
gample of flue gas was.obtained by suction from the flue into
an evacuated vessel, followed by absorption in caustic soda
solution.” OUn analy51s, this sample showed an HpSO04/HCl weight
ratio of 8.0. The theoretical ratio would approach this figure
more closely if consideration had been given to the small amounts
of water-soluble sulphates present in the feed to the furnace.

Thus in treating 350 tons of unwashed ore per day,
about 8. 9 tons of HCL and 68 tons of HpSO4 could theoretically
be recovered every 24 hours. These are the theoretical
regquirements of acid for the extractlon of 4.1 tons and 23.6
tons of alumina, respectlvely.

The recovery of these acids in practice should present
no insuperable difficulties, though such factors as dilution
and moisture content might introduce complications.

-1t was found by other investigators that the H(1 could
be zbsorbed readily and selectively by passing the gases through
water, while the S0, fog was recovered in acid towers containing
concentrated HpS04. -

(v) Dew Point of Flue Gases:

, The gases evolved durlng calcination of this ore are
very corrosive, and their corrosive action is, of course,
increased many fold in the presence of moisture. :

It is therefore necessary to have some idea of the dew
point of the flue gases to assist the designing engineer in
. determining the dimensions and material of coustruction of the
furnace stack. .

The apparatus used in the determination of thedew point
of the flue gases from the pilot plant is 1llustrated in Figure
VII.

1Oil
{flow

e —
; % Tc,-;s

flow.

FIGURE VITI. DEW POINT APPARATUS.
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Hot cylinder o0il was circulated by siphon flow from
a two-gallon storage vessel, heated on an electric hot plate
and protected from air currents by screening. The glass tube
_carrying the thermometer and the corinection between this tube
and the dew point tube were insulated by blndlng with asbestos
cloth and string.

To make a test, the oil flow was started and allowed
to continue until constant temperature conditions existed
throughout the apparatus. The glass surface of thedew point
tube was cleaned and degreased in petrol, then carefully dried
and polished. The tube was inserted into the path of the flue
gases through a suitable opening in the flue,- withdrawn and
quickly examined for the presence of moisture. Several
examinations were made for each temperature tried.

-Tests were made at 140°G., 100°C., 90°c. and 70%C.,
respectively. No dew appeared at the hlgher of the two temper-
atures, but was in evidence at 90° and 70°C. It was therefore
concluded that the dew point of the flue gases was about. 90°C.,
"a result subject to the limitations of the apparatus used and
of the procedure adop ted.

(vi) - ﬁlue Dust:

-Before commenclng Calclnatlon Test 26 (see lable 14)
the furnace was carefully cleaned by running for two hours with
no feed or oil, but with the air tap fully open. All the dust
accumulated in the flue dust chamber and that portion of the
stack connected directly Wlth.the kiln was removed by thorough
.brushlng. ,

During the progress of the test an appreciable amount

. of fines was air-classified-at the feed entrance to the furnace.

This material accumulated around the feed hopper and for the
purposes of this rough approximation, was included in the total
weight of flue dust collected. In practice, leakage of fines
at this point would be minimized; but the fines collected here
. in the pilot plant test would appear as flue dust in full.scale
operations. Analyses were made,. however, only of the dust
'collected from.w1th1n the dust chamber.

. The feed con51sted of ungraded mlnus 4 inch ore, the
temperature was 750°C. and the time of calclnatlon 40 minutes.

The results were as follows:-

Ore fed to furnace 672 1b.
Total flue dust collected 11.7 1b..
Flve dust as percentage

of feed = . _ 1.7 per cent.

~The flue dust collected from the dust chamber was
saumpled and extracted with excess of ‘hot distilled water.
The extract was analysed and the results are shown in
Table 15
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Table 15. Analysis of Flue Dust.

Fercent Percent of
- of . Water-soluble
Badical Flue Dust |, fraction
S04 _ 16.99 76401
o , .36 1.61
K : .67 3.00 -
A1 1.66 7e43
Mg A4 1.97
H | .03 0.13
Na (by diff.) 2.20 9.85 -
Insoluble " 79.65 . S -
Combined as |
simplest salts.
A1,(S04)s 10.51 47.0
Mg S04 2.20 9.8
K2804 1.49 ' 6.7
H,504 1.47 6.6
e, 2504 6.06 - |- 27.1
VaCl " 0.62 ’E 2.8
‘ -
Total 22.35 i 100.0
) i

) The results verify the conclusion that the chloride
in the unwashed alunite does not concentrate in the flue dust
during calcination. With the possible exceptions of the free
acid and sodium sulphate contents, the nature of the flue dust
is similar to that of a calcine obtained from a low temperature
roast, with potassium alum as the major soluble constituent.

-~

D. HNature of Calcine: .

(i) Physical Characteristics

The colour of the raw alunite varies between light
.and dark grey. This colour is retained at temperatures below
about 4009C.3; between 400°C. and 600°C. the-calcine changes
over to a dark pink colour, while as the temperature increases
above 600°C. the intensity of the pink colouration falls off
with increasing temperature until at 1000°C. the material is
only faintly coloured.
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As prev1ously p01nted out, the size and shape of the
feed partlcles do not alter very extensively during the passage
through the kiln. In structure, however, the calcined nodules
are much less friable than those of the unroasted ore; the
latter crumble readily at slight pressures, whereas the calcine
lumpe cannot be broken down at finger pressure. This structure
is retained even after prolonged contact with water, a character-
istic which is of great value when considering methods of leach-
ing out the Water-soluble constltuents.

The structure remained unaltered when a sample of
~10+20 mesh calcine was poured direct from the furnace (running
at 750°C.) into cold water. After slow agitation for some
minutes, the percentage of minus 120 mesh material formed was
well below 1 per cent. Prolonged mechanical agitation of
moderate violence would, of course, result in the production
of large amounts . of sllmes.~

A cubic foot of 1oosely packed average calcine weighs
between 50 and 60 1lb., giving an apparent density much the
same as.water. The specific gravity of a typical sample of
water-leached calcine was found to be 2.86.

The angle of repose would De between 35 and 40° from
the horizontal.

The average speelflc heat of a typical calcine sample
was determlned as 0.245 calories per gram over the temperature
range 25°C. to 500 Ce.

' The freshly calcined material is hygroscopic, even

the minus 7 inch calcine absorbinp atmospheric moisture to the
extent of two to three percent of its own weight.

(ii)- Chemical'dharacteristics

A calcine produced under favourable conditions contains
between 22 and 26 percent of water-soluble salts, consisting of
sulphates of potassium, sodium,and aluminium derived from the
alunite itself, and sulphates of sodium, magnesium and calcium
. arising from the saline water content of the raw ore. iron and
chloride are-also present in varying small amounts.

- The following analyses are typloal of the Water soluble
salt content of calclnes obtained at 750 C. and 800° C., respect-
ively. .

' Table I8. Analyses of Water-Soluble Content of Galcine

800°C. roast 750°C. roast
g%;igle (20 minutes) (60 minutes)
Salt Fercent of | Percent of | rercent of | FPercent of

W/S Salts | Calcine . | W/S Salts - | Calcine
K550, ' 54,70 12.96 49.90 12.62
Na,80, . 27.64 6.55 29.59 7.48
MgS0, - - 10.48 2.48 10.30 - - 2.61
41,(80,)5 4,48 1.06 - 8.71 2.21
CaS0, 1.46 0.35  1.04 0.26
NaCl 1.09 0.26 ‘ 0.46 0.12
\ N o3 . T .
"Ee2(804)3 . 0.15 0.04 'Lrace race
Total 100.0 | 23.7 100.0 25.3
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Ihe analyses show that at the highsr temperature
the amount of soluble aluminium is substantially reduced.

The ruate of solution in water of these salts is
rapid, ten to fifteen minutes being ample time to obtain
an almost quantitative solution with excess of hot water.
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V1. LEACHING OF CALCINE

I. GENERAL NATURE OF WATER EXTRACT:

A water extract of calcined alunite will vary in colour
and stability depending on the conditions of calcination and
of extraction. The solution may be any shade from dark brown,
through browns and yellows, to colourless; the gradual depos-
ition of sediments will occur in all deeply coloured solutions,
while the colourless extracts remain clear indefinitely.

The depth of colour is in some degree a pointer to the
suitability of roastirg conditions, 'a deeply coloured extract
inveriably indicating an incomplete roast, with the resulting
undesirable concentration of aluminium (and to some extent,
iron) in the extract. A clear extract, on the other hand, does
not necessarily mean that suitable roasting conditions have
been observed.

The following table (Table 17) gives some idea of the
nature of the extracts obtained from a number of tests under
varying calcination conditions but under roughly comparable
.extraction conditions.

Table 17. MNature of Water Extracts of Calcined Alunite

Calcination Conditions | Water hxiract of Calecine
Temp . ' Time Colour Alp03 ' FepO3y
og, min. % of 7 of
‘ calcine calcine
600 45 dark brown very heavy| n.d. *
700 20 113 it i
700 : 60 @ " 1.85 “
750 20 1 brown n.de’ “
750 45 deep yellow i N
0 : 0 , yellow R “
ggo “ 98 brown 1.08 0.25
800 20 . yellow 4 0.32 trace
800 30 colourless nil nil
800 - 15(a) yellow : o.%r/ 0.06
800 15(D) brown 0.81 0.29
850 20 faint yellow n.d. n.d.
900 e 20 colourless n.d. | n.de.

* N.C. not determined
(a) Rate of feed 1 cwt./hr.
(b) Rate of feed 2 qwt./hr.

Prom the table can be seen the gradation in colour of the
extract from calcine obtained from tests in which the temper-
ature of calcination alone was varied - the depth varies from
dark brown in 600° and 700°C. extracts to colourless in the
case of 850° to 900° roasts, the time of calcination in each
case being 20 minutes. Increase in the time of calcination at
the lower temperatures results in a decrease in colour intensity.

As would be expected from earlier work, the aluminium
concentration in the extract decreases with higher temperatures
or longer calcination periods, and thus decreases with decreas-
‘ing depth of colour.
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: In general, a calcine which gives a deeply coloured
solution on extraction with cold water will give a less deeply
coloured extract on treatment with hot water. Boiling a
coloured solution partially or conmpletely decolourises it.

The colour will be almost completely removed on grinding the

cold extract with the calcine in a pebble mill for a perlod
of 20 to 30 minutes.

The colour of these water extracts seems t0 be due
mainly to the presence of colloidal iron, while the sediment-
ation resulting from long standing may be some form of basic
,alum gradually precipitating out. )

: The water extracts of the. calcine from Calcination

‘Tests 14, 15 and 16 (see Table 13) were, after several day
standing, respectively brown and cloudy, yellow and slightly
cloudy, and clear solutions.. That from Test 14 was boiled

- and filtered, and the alumina and iron determined on the
untreated extract, and on the filtrate and residue after boiling.
The Alo02 concentration in ‘extracts 15 and lb were also deter-

- mined.” Table 18 shows the results:- :

Table 18, Alp03 and Fep03 in Water Extracts;

gz;gination ?reg;menf | A1203 er203 A1203 F3203
No. Extract gm.per 100 ml.- |  distribution
- ) - of extract " per cent
14 ‘|Untreatea  |.1518. | .0334 100.0 | 100.0
' -|Boiled:- . : o
2Filtrate L1252 | .00%6 82.4 10.8
Precip- ’ » ) ‘ ’
itate .} .02066 -} .0298 17.6 | " 89.2
15~ |Untreated | .0442 | trace | = -
16 Untreated , .0012 nil R -

The results indicate that a large percentage of the
iron content of an extract is precipitated, either as the
hydrate or as a basic sulphate, on boiling, and also illustrate
the extent. to which the aluminium and iron concentrations fall
off with increasing thermal decomposition of the ore.

2. STANDARD METHOD OF. EXTRACTION FOR ANALYSIS:

The efficiency of a calcination test depends primarily
on the percentage of the total Ko0 content of the calcine which
has been rendered water soluble by the calcination treatment.

: To obtain this extraction figure a standard procedure
was adopted. 70 gm., of calcine, unground in the case of all
products grading minus 10 mesh, ground if coarser, were added
to 200 ml. cold distilled water in a suitable beaker. The
charge was placed on a hot plate and mechanically s tirred with
sufficient violence to keep the solids in suspension. After
being extracted at boiling temperature for 15 minutes, with

. evaporation losses made up at intervals, the charge was allowed
to settle and the supernatant solution passed through a filter.
The insoluble residue was washed once by decantation and then
transferred to the filter funnel, where it was treated with

" three 50 ml. hot water washes. The filtrate was made up to

500 ml. and aliquots taken for analysis.
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This method of extractlon was shown t0 recover over
99% of the total water soluble salts present in the calcine.

o To determlne the K20 recovery from the calcine, a
fusion of a sample was. also necessary for determination of the’
. total Kp0 present.

Potassium analyses were made by the cobaltinitrite
method. The method consists essentially of precipitating a
complex sodium potassium cobaltinitrite, oxidising the precipitate
with an excess of standard cerié¢. sulphate solution and determin-
ing the excess ceric sulphate by titration W1th ferrous ammonium
sulphate.

The method generally was satisfectory, but to obtaln
consistent results all analyses had to be made under rigldly
controlled standard conditlons.

3. LEACHING ALTLRNATIVES:

The method adopted in practice for the extraction of the
K080, from the calcine would depend on a large number of factors,
among which may be mentioned the necessity or otherwise for
grinding the calcine, the feasibility of utilising the heat in
the calcine at this stage, the settling and filtering properties
of the ground and unground products, the ease of grinding of the
calcine and the quantities of water avallable for leaching and
washing. . .

As regards. the first of these factors, even though
.unground calcine may yield up its water soluble potash as readily
as the ground material, it may prove expedient to grind before
extraction to enable eertain types of equipment to be used which
could not otherwise handle the material. What would be perhaps

e more important -consideration in this regard is the possibility
of a ground potash residue being more acceptable than an unground
material for the subsequent proposed alumina extraction process.

Consideration was given to fpﬁr alternative leaching
methods and flow sheets were suggested for each. These four
alternatives were briefly:-

(a) Extracting and washing the ground or ungraind calcine
1n a -eries of counter-ﬂurrent th1ckeners. )

(B) - Extracting and washing the calcine in a series of
counter-current rake classifiers.

(c) Extracting and grlndlng the material in a ball mill,
followed by thlckening and filtratlon of the'thlekener
underflow.

- (D) Leachlng and washing the calcine by percolation in a
counter flow series of vats.

Each of these alternatives will be discussed in detail,
together with laboratory tests designed to determine the feaslbll-
1ty of the various stages in each

All figures shown in the flow sheets assume the treatment
daily of 214 tons of calcine which is an average figure for the-
amount of calcine to be treated to yield the proposed daily output
of 30 tons of X 804. The figures shown also assume a reduction,
by washing or f%ltration, of the water soluble salts in the orig-
inal ore from about 5% to 1% prior to calcination.
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A. Leaching Alternative No. 1.

Use of Counter-gurrent Thickeners:

This method involves the use of a series of counter-~
current thickeners and would depend to a large-extent either on
(i) +the ability of thickeners to handle a quick and
so0lid settling material such as would be discharged
from the kiln, or :
(ii) the settling properties of a product ground to the
sizing necessary for efficient handling by a
" thickener and to give the optimum extraction of
potash and later, perhaps, of alumina.

From the settlement data available (see under Section Bki)
it is apparent that unless the percentage of slimes is kept very
low, or unless the majority of the slimes can be overflowed from
the first thickener and treated separately, the thickening area
required for the handling of this material will be s0 great as to
preclude entirely the use of counter-current thickene rs for
this purpose. The flow sheet is shown in Figure VIII.

(a) Ball Mill:

This unit would be included for either or both of the
following reasons -

: (i) +to reduce the sizing of the thickener feed should
it prove impracticable to handle the unground
material by thickeners and/or -

(ii) to grind the calcine should such a course result in
an appreciable increase in the extraction of KESO4.

The effect of grinding the calcine on the subsequent
potash extraction figure was determined experimentally. Calcine
from Calcination Test 12 (see Table 13) was used, this test having
been on -10-20 mesh material at 750°C. and a calcination period
of 60 minutes.

Calcine samples were extracted with hoi water, ground
and unground, while a second series of extractions was made under
identical conditions except that the extraction was carried out at
room temperatures. The results are shown in the following table.

Table 19. Potash Extraction from Ground and Unground Calcine,

Leaching Conditions of Extraction ‘ Extract
Test Calcine Temper- Water Total Salte | K50
sizing ature Calcine | % of calcine] extracted
No. ¢. : ; %
1 Unground 100 3 1 25.3 80.0
2 Ground 100 331 5.1 81.0
3 Unground 20 3 :1 25.3 | 74.1
4 Ground 20 3 : 1 25,4 78.1
{

The figures show that when extraction is carried out at
low temperatures, an additional 4% of K20 is recovered by grinding
the calcine prior to extraction; on the other hand, when leaching
at temperatures approaching the boiling point, the extra recovery
resulting from grinding is only 1% and is scarcely sufficient in
itself to warrant the extra cost of grinding.
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The ball mill product was filtered in pressure filters,
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A further series of grinding and extraction tests was:
carried out at room temperature, and under varying conditions
of pulp density, fineness of grinding and time of extraction.
The grinding was carried out. in batches in porcelain Abbe mills,
with calcine charges of 2 1lb. and pebble loads of about 10 1lb.

the

filtrate analysed for X,0 and the filtration residue dried and
graded,

Other tests in this series consisted of extracting in a
mechanical agitator a sample of calcine ground dry to an arbit-
The extractions were made at two different

rarily chosen sizing.

pulp ratios and for increasing periods of time.

The conditions and resultse of this series are tabulated
below (Table 20):-

Table 20. Potash Extractions under Varving Sizings, Pulp Ratios
ang Times.
Leach~| Water [Grind- K50
ing to ing Sizing Analyses of ground calcire extract-
Test Cal- Time ion
No. cine [min. !+20| +30| +40| +60 | +80 1+100 {+150 | +200 | -200! %
5(a) {Ball Mill Feed 7.4/61.4{25.9| 3.0 0.6 | 0.7 0.4 | 0.1} 0.5 -
5 1:1 5 -~ | 0e7! 4.3 76| 3.7 1| 9.3 {15.2 | 3.0 | 56.2| 61.8
.6 oo 10 - - | 0.2/1.2]1.2 ! 4.8 |12.1 3.3 5.1¢{ 60.9
g " 15 - - - 10.,1:0.2 ) 1.7} 6.1 1 2. 9.11 61.7
n 20 - - - - 10,11 0.7 3.2 1.8 194.21 60.2
‘9 2 H 1 5 - 2.3 807 709 406 906 12.2 3.1 51ob 70 5
10 " 10 - 1 0.1] 1.3 3.412.9 7.0 {11.3| 4.5 :69.5! 70.1
11 " 15 - - | 0.2{0.911.2 ¢ 3.8 111.0 2.9 80.0; 70.5
12 " 20 - - 001 0.3 007 208 8.6 2.8 84.7 71 4
t :
i Extract
l=ing
A Time
; min. :
13 1 :11% 10 { | ; 62.9
i4 ! 20 i é ? 63.0
L § 3
12 la:a1]30) |40le.227.2/5.311.51 1.9 1.6 0.4] 8.9] £2-6
1 i | 20 | L 6.1
1 " 30 ; % % % ! 70.1
i § 4
! £ i { i ! H

factory extraction.

The conclusions to be drawn from the results shown in
Table 20 are as followe:-—

(i) that a pulp ratio of 1 part water to 1 part unextracted
calcine does not give a maximum extraction in the cold, whereas
a pulp ratio of 2 to 1 is sufficiently dilute to give a satis-

(ii) that extraction in the cold for periods of up to 30

minutes gives no better recovery of potash than short periods

of 5 to 10 minutes.

(iii) that a calcine containing less than 10% minus 200 mesh
fraction gives as good an extraction as one ground to over 90%
minus 200.
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-They further indicate that, should grinding prior
to thickening be practised, such grinding should be at a water
to solids ratio approaching 2 to0 1 to give a maximum extraction
of the soluble potash before the calcine enters the washing
system. This could best be achieved by returning a large per-
centage, if not the whole, of the overflow from MNo. 2 thickener
to No. 1 thickener through the ball mill and not direct.

A comparison between the grindabilities of the calcine
and a normal qduartz ore are shown later under Leaching
Alternative Noe. 3.

(b) Washing by Counter Current Decantation.

Settlement tests have shown that, whereas the unground
calcine will settle to only little better than 50% solids, the
fine minus 100 mesh fraction will not thicken beyond two of
water to one of solids. It appeara, therefore, that depending
on the degree of grinding practised, it would be safer to regard
the consistency of the underflow from the thickeners as being
intermediate between these twoe figures.

The efficiency of the suggested system of five thickeners
‘has therefore been calculated separately for each assumption,
firstly, that a 1 to 1 pulp is discharged and secondly, that a
14 to 1 pulp is discharged.

(i) For a 1 to 1 underflow: in this case it is assumed that

' 430 tons of fresh water are added to No.5 thickener
every 24 hours and that 250 tons of concentirated KyS04
solution are overflowed from No.l thickener in the same
period. :

The following relationships are obtained by equating the
tons of K804 into and out of each thickener:-

go +430 B = 180 A + 250 A = 430 A,
1804 + 430 ¢ = 180 B + 430 B = 610 B.
180B + 430 D .= 180 C + 430 C = 610 C.
180C + 430 E = 180 D + 430D = 610 D,
180D = 180 E + 430 E = 610 E.

where A, B, C, D, E represent the tons of Kp80,4 per tom
of water in thickener Nos. 1, 2, 3, 4, 5, respectively,
and where 180 represents the tons of inscluble residue
resulting from the leaching of 214 tons of calcine.

Solving these equations, we obtain the following values
for the unknowns:-

a 0.11846
B 0.04869
¢ 0.01949
D 0.00726
B 0.00214

These figures show that the use of 4 counter current
decantation thickeners would result in the loss of
approximately 180 x .00726 = 1.31 tons of KpS04 per
24 hour day, while the addition of a fifth unit would
reduce this figure to 0.39 tous.

(ii) For a 14 to 1 under-flow: Here it will be necessary to
add 520 tons of fresh water per 24 hours to the systenm
while the discharge from each thickener will carry 270
tons of solution instead of the 180 tons above.
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The equations will now becomes: -

30 + 520B = 270A + 2504 = 520 A
270A + 520 C = 270B + 5208 = 790 B
270B + 520D = 270C + 520 = 790 ¢
270C + 520E = 270D + 5200 = 790 D
270D = 270E + 5208 = 790 E

giving the following values for the concentrations in
each thickener:-

A 0.11548
B 0.05759
C 0.02783
D 0.01247
B 0.00426

In this case, therefore, the loss of K580, per day from
a system of five units is 1.15 tons.

(¢) Clarification of No. 1 Thickener Overfiow:

This would be necessary only if it were decided to over-
flow a cloudy solution in order to save thickening area. 1f a
clear overflow were required, the slow settling rate of the fine
fractions of the calcine would necessitate considerable thickening
area and whether or not clarification would be necessary would
depend to a large extent on such factors as -

(i) tonnage of fines to be settled,

(ii) the bazlance between cost of clarifying and cost
of extra thickening area required to give a clear
overflow.

Whe ther ordinary sand clarifiers would suffice or
whether some form of mechanicel unit would be necessary would
depend on the tonnage and nature of suspended matter overflowing
No. 1 thickener.

B, Leaching Alternative No., 2.

Use of Counter-current Classifiers:

The use of a series of counter-current classifiers for
the leaching of the calcine would enable the material to be treated
without preliminary grinding, thus reducing to a minimum the
quantities of slow settling and not easiity filterable fines to be
thickened and filtered at a later stage. :

In a system of counter-current thickeners handling a
slow settling and partially ground product the solids are, of
necessity, stored under water for a considerable period. In the
case of rake or helical. classifiers handling a coarse, unground
feed this long period of contact is avoided.

The sliming effect produced in a ground calcine pulp
after prclonged standing was shown by grinding a 1 to 1 mixture
for 10 minutes, sampling the pulp, allowing to stand for 72 hours
and re~-pampling. Sizing analyses of the two samples gave the
following figures (Table 21).
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Table 21. Ground Calcine Pulps.

: . _Weight per cent
I. .MM, Aperture After 10 After 72
Screen MM CMinutes Hours,
+ 30 0.423 0.6 0.2
+ 40 0.317 349 2.2
+ 60 0.211 8.6 5.6
o+ 80 | o0.a57 5.0 | 4.4
+ 100 2 0.127 11.3 % 10.0 |
+ 150 é 0.084 i 15.7 13.2
+ 200 f 0.063 L3 4.3
- 200 % - U 51,8 60.1
i

Thus the use of classifiers would seem to be preferable
in this respect at least to the use of counter-current thickeners.

The system is represented diagrammatically in Figure IX..

(2} The Use of Classifiers for extraction and washing of
K5804 from Calcine.

The choice of six classifiers is purely arbitrary but
by the application of principles similar to those applied in the
case of the counter=-current thickeners, it appears that six
units would give a final residue carrying less than 0.5 tons
soluble KpoS804 per 24 hours. This is based on the fact that the
same weight of calcine is washed by approximately the same
quantity of water in the same time and on the assumption that
the sand from each classifier contains at least 50% insolukle
solids. This latter assumption is justified by experimental
settling tests, and by the fact that the water to solids ratio
in the discharged sands could be appreciably decreased by
additional draining area in the final unit and still further by
some form of mechanical vibration.

Though reke cla szifiers are shown on the tentative flow-
sheet, consideration could be given to the possibility of a
series of helical type machines. As it is desired to keep the
amount of fines in the system at a minimum, a factor influencing
the choice of machinesg would be their effect on the sizing of
the material during its passage through the series, and, in this
respect, the Akins type would perhaps be preferable to rake
classifiers.

It would be advantageous to add the hot calcine direct to
the classifiers from the furnace; and it is possible that its
addition to the well of an ordinary rake or helical classifier
would set up undesirable convection currents, causing perhaps
the overflow of unduly dilute solution to the press or thickeners.
Feeding to some type of bowl classifier would, to a great extent,
obviate this difficulty. )

Ag regards the addition of the hot calcine to cold water,
it has been shown in the laboratory that the average specific
heet of the material between 500°C. and 259C. is 0.245 calories
per gram, which indicates roughly that one ton of calcine at
400°C, would raise its own weight of water to boiling.
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A roughly quantltatlve experiment has been.described
(Ve 2 D (i)) in which it is shown that less than 1% of minus 200
‘material is preduced by the addltion of hot. calcine (avout 700°L )
-direct to water.

(b) Treatment of the Classlfzer Overflow: -

All tonnagee shown in this and the preceding section are
calculated on the assumption that 10 per cent.of the insoluble
solids fed to the system overflow with the concentrated solution
from No. 1 classifier. Thus it is assumed that 18 tons of fines
per 24 hours are to be handled (214 tons calcine fed to systenm,.
which contain 14% or 30 tons K2S04 + 4 tons other water soluble
salte, leaving 180 tons insoluble}

From the experiment referred to in the last paragraph of
section (2) abeve, it is apparent that the amount of fines due to
shattering when the hot calcine first contacts the cool water.

" would not be more than 1’ ton per 24 hours, assuming, of course,
a furnace discharge Wlth.normal quantlties of finer fractions.

The sizing analysis shown in Leachlng Test 15 (Table 20)
is of a.produet resulting from a rather violent agitation for 30
minutes at a pulp ratio of l:calcine to 1 water of the material
grading as shown in Leaching Test 5(a) This treatment increased
the =100 fractions from 1.0% to 10.9ﬁ and the =200 fractions from
0.5% t0 8.9%. o

The relatively- mlld agltation obtained 'in a classifier
‘considered in conjunction. with the above experimental figures,
would indicate that the estimated overflow of 10% insdluble
gsolids is likely to be in excess of, rather than below, the
true figure.

Two- alternative treatments for the overflow are shown
on the flowsheet, cons1et1ng of -

(i) two thlckenere, connected counter-current, but in
: serles -with the classlfier unite, and

(ii) a fllterlng unit.‘

(i) Thickening

As regards thlckenlng, the settlement rate, though
normally slow, would be. acceler&ted slightly as the temperature
of the solution at this stage would still be considerably above
atmospheric temperature. The high solution to solids ratio of
2 to 1 in the final discharge would be. offset by the small
tonnages to be handled and the consequent poselblllty of very -
‘high solution to solids ratio during washing in the two
thickeners. This assumption that the discharge ratio would
be 2 to 1 would give a reasonable safety margin and would result
. in a final-discard from the second thickener of approx;mately
36 tons of water per day. _

To determine the dimen31ons of the- thlckener required
to handle 18 tons per day of minus 100 mesh calcine, a number of’
settlement tests were carried out in ‘concentrated solutions of
K5804. From these- experiments the values of R (see Section 1V,2)
were obtained for corresponding values of F (the weight of water
to 1 part, by weight, of solids at a given dilution) and the
aresg requlred.(A) per ton of solids per 24 hours estimated from

the equation & =:i 1. 493 (F-D)

The teste were carried out at two different temperatures,
namely 199C. ‘and 5000., and under the following condrtions.
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‘Sizing of Calcine =100 + 200 . 13.5%.
, - 200 86.5%
Speéific‘Gravity of . A | -
. Leached Calaine 2.86
Dry weight of leached o :
calcine 170 grams.
Volume occupied by - -
leached calcine " .60 c.c.
Soluble salts per. 100
ml.of solution 8.5 grms at 19
_ 14,2 W “ 509 G.

. During free settllng the rate of settlement was
determined by taking pulp level readlngs at 3 minute 1ntervals
for a quarter of an hour., The appearance of chamnels in the pulp
at a pulp ratio of 3 ¢ 1 indicated that compression.settlememt
had started at this dllutlon. .

The results of the free settllng tests are set out 1n

Table 22. |
Table Zz.i Free Settlement oi‘minﬁs iOO Mesh Calcine.
" R . | S : ’{ <1 A
F | ft. /hro | D | (F-D)| 1.493 (F-D) | sq.ft./ton/24 hr.
"199_ | 500|° _ 1G0 _ébﬁ""'
3 019 .017“ 2’ 1 1,49 .78 88
' .03 7,030 - 2 2.99 79 100
5 .038 s041] - - 3 4.48 - . | 118 109
6 [.052 049 . ¥ | 4 5+97 . 115 | 122
.052 | -.065] 5 .47 144 | 115
g .057 «060| 6 g 96 157 14
9- .057 .076] g 4 10.45 - 183 . | 13t
10 .063 076, 11.94 - 190 157
11 079 | .090| ¥ 9 13.44 191 149
12 .033 ‘.098 " 10 14.93 180 152
14 2100 |- L 12 17.92. 179 -

These figures show that the m;nlmum,allcwable area for
settlement is 190 sqe. ft. per ton per 24 hrs. at 19°C. and 157
sq. ft. at 50 Ce The figure D = 2 is used in making the above
caleulations; actually D = 2.07 is the figure obtalned in the
following hindered settlementvtests., )

Oompresalon.settlement tests enabled the depth of the
thickener to be calculated.e Owing to the difficulty of maintain-
ing the pulp at 50 C, for a period of over 24 hours, this test
was made only at 19°C. After compression settlement had
cormmenced in the free settlement test pulp above, the pulp was
very gently stirred after each hourly pulp line reading had
" been taken and the correspondlng pulp ratio then calculated.

Results are 'shown 1n,1able._1
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Table 23. Compression Settlement of Minus 100 liesh Calcine.

Reading Dilution Corresg-

of pulp Volume of Gr.Soln:l Time ponding

line Solution solids interval average
a (a=60) a - 60 t hours|{dilution| d x t
CeCe CeCos - 170 do

590 530 3,12 .

584 524 3.08 1 3410 3610
577 517 3.04 1 3.06 3.06
571 511 3.01 1 3.03 | 3.03
23 7 B 1 28 1 2
545 87 2. 85 1 >.38 2.88
518 458 | 2.69 23 2.77 6.92
456 396 L 2,33 4 2,51 10.04
417 357 * 2.10 9% 2.22 21.10
415 355 ' 2.09 1 . 2,09 2.09
415 355 ! 2,09 1 L 2,09 2.09
414 354 | 2.08 1 | 2.08 | 2.08
413 353 2.08 1 | 2.08 | 2.08

| Total 27 E 66.47
} {

Hence the average dilution in the compression zone

= 66.47 = 2.46
T 27
and average specific gravity of pulp in this zone
= 2446 + 1 = 1.23
2.46 + 1
2.86
Also
Final density - solids to 1 part solution = 2.07
Hours retention necessary to reach this .
denSity o @ L3N 3 L3N X ] e 0 = 24‘
Sq.ft./ton of solids/24 hrs.(a) at 199C. = 190
(b) at 50°C. = 157
Capacity in 1b. dry soli%sééq.ft./hr.
On - 4 = 0.
(a) at 19°C = 535 To0 0.49
. o = 2240 = 0.
(b) at 507C 5% % 157 | 59

To hold these gquantities/sq.ft./hr. for 24 hours will mean

storage for

(2) 24 x 0.49 = 11.8 1lb.solids
(b) 24 x 0.59 = 14.2 1lb.solids

Hence depth of coupression zone. is

(a) gﬁigﬁg;%rig feet = 0.53 £t.
0.64 f£t.

(b) .4 ol feet =
2.5 x 1.23

40.8 1b. pulp/sq.ft./hr.
4901 1b. pulp/sq.ft./hr.

With these figures,a§ailab1e we can now determine the

required thickener dimensions, as follows:-
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- L A8 19° . At 50°

solidé'to be‘hendled per‘ziihre = tons - 18 . - 18
ﬂyArea ‘required (from test work) sq. ft/ T
ton/24 hr. "“‘%“'ﬂ eee . 190 7 157
VArea added for emergenoies (say 10%) k 19 16;'
Area'reoommended - 8q. ft-/ton/24 hr, 209 o 173 - -
vlotal area recommended - eq. ft. : ,3762‘ 3114
-Diameter of thlckener - £t '.;. :1 S 69 63”
‘Agsgume slope of raking erms in ; o -
| -thickener - 1n/ft. ceeeed . 1% : 13
" Maximum depthof arms - ft. e - 3;59:; " 3.28

- Assume- 2/3 of thla depth’ ineffective due
_to solids building up under the ) )
rakes. 80 1neffect1ve depth - ft.- 239 2.19

Total depth of thickener - .

Ineffective .- voe - <os 2439 . 2.19
Compression zone - ..s = 0¢53 . . 0.64 -
Feed well o ese ~ko-o 2,00 2 00

‘ ‘Total - _4.92 4.83

s R e e mtn

' Thickenerhﬂeqdiredf Dlameter x depth - £t

69 x5 - 63 x,5

: lh& above thickener dlmenalons seem.out of “all proportioms
- to0 the’ tonnage of material handled, and constitute perhaps the
best-argument in favour of fllters for the dewaterlng of these.

»-wslzmes.

: Ae in- the case of the wash from the filter, the overflow
“from the second thickener would rejoin the leaching circuit late
in the washing stage. Fresh 'water, including the weak solution
from this source, would be added to: the Ieachlng clrcult at the
rate of 412 tons per 24 hours.‘ )

S

(ii) Filterlng

Ellterlng tests indicate that the dewaterlng of these

. fines by filtration would be slow. .In pressure filtering even .
granular calcine (over 95% & 60 mesh and less than 1% - 200 mesh)
the very thin layer of slimes which settles on top of the cake
results in an early and marked slowing down in the filtering
rate. However, with only small tonnages to be handled and the
better mixing of .these fines under large ‘scale filtering
conditions, it appears that the possibilities of flltratlon at
this stage should e glven every - consxaeration.

] . Asg regards the actual type of f11tering un1t used, it is
‘considered Amprobable that an ordinary rotating drum‘type

vacuun filter would be practicable, owing mainly to the poor cake

formation and to the difficulties of washing efficiently. Types.

. which seem to present pOSBlbllltleS in this respect are pre-coat
vacuum filters.and chamber preeses with recessed plates.

) ihe wash " from the filter would be returned.to the czrcuit
o at the approprlate point in. the leachlng syetem.‘w‘- ‘ o

¢
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A number of filtration teatS'were made to determine
the filtratlon characterlstics of an average classifier
overflow. . . ~

Samples for test work were ohtained by moderate

: agitation with water of approklmately 100 1b. of mixed calclnes

resul ting from 7509C. and. 800 Ce- roasts, and classifying'off

,the resultant glimes.

The quantlty of slimes so0 obtalned wa:s of the order

- of one percent of the calcine treateéd. The.calcine and .the

water were both cold and the agitation was necessarily such
that very little abrasive action took place. In actual °
practice, the ratio of insoluble solids in the classifier
overflow to the 1nsoluble solids in the feed will depend

" largely on the nature of the furnace discharge.and on the

adjustment of the overflow weir and other factors which may -
be controlled at the Will of . the. operator.

A s121ng analy31s of the 1nsolub1e solids in the pulps

“used for the test work showed 0. Sﬁ mlnus 100 plus 200 mesh, and
99. Eﬁ minus 200 uwesh. :

As in prev1ous flluration experlmenms in which Leaf C

‘.(descrlhed in 1V, 1, prev1ously) was used, four types of- filter

cloth were avallable (calico, 10 oz., 15 oz. and 17% oz. duck
respectively), while the effeotlve area of the test leaf was
0.1 sq. ft.

‘In all tests, the 11qu1d portzons of the pulp consisted
of a solution of the salts present in calcine from unwashed
furnace feed, chiefly potassium, sodium and magnesium sulphates.

' The: concentration of these salts varied from approx1mately 11.0 gr
~ per 100 c.c. solution down to 7. 5 gr. per 100 CeCe in some cases.

From the reaults of ' the  work may be compared the suit-
ability of the various filter media, the effscts of temperature

. and pulp ratio on the filtering properties of the fines and the

effloiency of washlng under dlfferent conditions.

(iia) Sultabillty of Varlous 1lter Cloths.

Some slight increase in’ den31ty of a pulp is to be

,‘expected after a series of filtration tests, due chiefly .to local
thickening where the pulp is in cohtact with the cake - 2 thicken-

ing which has not gone far enough actually to form cake.

To obvia.te 'th:.s 1noonsn.sténcy a -pulp semple was d1v1ded
into four identical samples and the following tests carried. out
each on a fresh sample of pulp.‘_ :

Constant condltions.

Pulp ratio - 15 5 solution to 1 insoluble solids

- Temperature -19°¢. (66.2 ) .
Salts in solution 7.52 gr. per 100 GeCe .
. Cake forming 180 seconds. - -
" Cake drying - ‘60 seconds. - -
Cake thickness’  1/16th inch approx. -
‘Filter area - 0e1 8g. ft. .

Vacuum ‘ , 26 1nohes.



{ -61}

Table 24. Calcine Filtration using Various Filter Cloths.

‘ b . B ter Cake

Filtexn| . .

Test Wet. [per cent | Dry unwash-per cent | Insoluble

No. Cloth gr. - [loisture | ed.. gr. |Soluble gr.

62 10 oz.duck |25.1| 48.2 |  13.0 7.3 12.1

63 A5 " % l24.4 ] 48.8 | 125 |- 7.6 1146

64 RL7E ™ - " |24.3 ) 49.4 | ' 12.3 7.7 | 11.3
|65 alico 24.8 (48;8‘ - 12.9 7.7 11.7 .

These results indicate that the 10 oz. cloth will give a-
hlgher filtration rate than any of the other materials tested,
the insoluble cake weight obtained when using this material being
7o 1@ greater than when using the slowest filtering medium, ivz.

- 174 oz. duck. . .

(iib) Effect of Washing:

These tests were made under the conditions and with the
results shown in the follow1ng table - :

.Constant Conditlons.—

" Pulp ratio ‘ 1945 & .
Tempe rature . 18°¢C. (64.4°E.)

" Salts in solutlon 11.0 gr. per 100 c.c.
Cake thickness. : - _‘1/16th inch approx.
Filter medium 17z oz. duck
Filter area . 0.1 sq. f£t.

- Vacuum " 26 inches.

Table 25. Calcine Filtration - Effect of Washing.

: C’y cle - sec. - Cake |Salts
Filter ” Fil- WaSh discard-
" Test Cake I A trate] - %ﬁ;j‘bry cake ed per
‘ form~ Drain- Wash:Dry-| = - o Wt Vo 24 hr.
No. ' . | ing. ing ing.|ing | c.cd c.c. % gr. |soluble; tons.
66 . 1180 - | 10 300 |60 |236 {380 57.0 10.2/ 0.84| 0.15
67 1180 | 10 | 95.160 {230 {115 |56.3|10.4 1.17{ o0.21
68 1180 . -~ o} - 160 |230 | - [51.7(11.7/1L76 :2;40

: : Ln the use of . classifieérs for leaching, it is proposed
that 437 tons of water enter the systém per 24 hrs. while 250
tons go to the evaporator as filtrate (or thickener overflow).

- It would therefore be possible to wash the slimes on- the filter
with 437 tons. of water without introducing further water into .

'the system. Thus. the maximim ratio of filtrate to wash would
"be 250 to 437 and these conditions have been approximated in

“test 66 above. To wash with this amount of water requlred as
washlng time 1. 7 tlmes the cake fcrmlng period. A )

The 1ast column in the above table is calculated assuming
18 tons of slimes. .per day, and under the test conditions, 1ncludea
_sodlum and magne31um salts as well as pota331um sulphate.

hl(llc) Effect of Lempgrature'

Filtratlon.tests carrzed out at different temperatures
gave the following results -
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Constant Con¢itions:-

Pulp ratio
Selts in solution
Filter mediun

11 to 1

7 5 gt‘/loo c.c. ,
17% oz. duck

-Cake forming

Draining

Cake washing :. -

Cake drying.
Filter ares

. Vacuum

‘TEmperatﬁre of wash water .

130 seconds
45 . W
100 o
60 - . ®.
0.1 8Q. £,
26 inche's..
19 C.

Table —3' Caleine Filtration - _Effect of Tegperature.
Ell- . Filter cake
| ter Temp.| Fil- Approx| Wet (Mois-{Dry - |Sol- insol-
Test | trate | Wash | Thick-Weightiture |weight|uble | uble
No. . C. CaCo C.C. | Ne38 gre. ﬁ ' gr. % gr.

: ———ldnech —

69 | 20 | 170 | 80 |1/16 |22.8|51.3 | 11.1 | 1.10 | 11.0.
70 | 55§ 215 | 40 l1/8 |42.5[51.1| 20. 8 | 1.35 | 20.5

7L | 90 | 220 | 40 |1/6 [47,3|51.2 | 23. 1]-1.62 22,7

} These results show that by fllterlng at 90 °G. the 1naol-
uble filter residue is 106% greater than that obtained when the
process 1s carried out at atmospherlc tenperatures. -

In addition, the cake blows away from the cloth more
cleanly and the filtrate is appreciably clearer at the higher

temperature.

Against this,  there seems to be a need for longer

washing periods at hlgher temperatures to obtaln equal ellmlnation

of soluble salts.

Effect of Pulp Ratlo.

(1id) .
) ' Tests.-were made on pulps of different densitles. The-
pulp ratio-is expressed as parts by welght of solution to parts by
weight of insoluble solids. ¥ollowing are the conditions and
results of these tests:=- o : o ‘
Constant conditions:- I
Temperature ' 19%C.” (66.2°F) |
Salts in solution 7 5 gr. to 10.5 gr./100 c.c.
Filter medium 175 oz. ‘duck =~ - | '
Cake -forming - + '180" seconds
Draining . . 20 ¥
Cake washing ,95 *
Cake drying : "
-Filter area. 0 1 8q. £t
Vacuum _ . 26 inches.
Table 27.- Calcine Flltratlon - Bffect of Pulp Ratig.
Fil= ¢ 1 Tilter "Cake..
ter |Pulp |Fil- |Wash|Thick-|Wet . [Mois-]| Dry- Sol- | Insol-
Test |ratio | trate| ' ' iness ‘WEight ture | Weight i 'uble | uble
No. - - CeCeaiCeCai ine - gro |- % gr. % gr.
72 [32:1° | 235 {115} 1/32 | 11.2 55.4 | 5.3 10871 5.3
73 |15%:1 | 230 {115 | 1/16- 21.2 {52.0 | 10.2 | 1,17 | 10.1
74 11131 | 170 | 80 | 1/16+ 22.8 |51.3 | 11.1 | 1.10 | 11.0
75 | 8:1 | 166 1 90 | 1/8 | 27.7.156.3.} 12.1 | 1.20 | 12.0
‘ Ck - 4 '
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Figure X has been drawn from the data contained in
the foregoing table. From this graph may be determined the
approximate cake weights per square foot to be expected at
various dilutions of pulp.
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FIGURE X. RELATIONSHIP BETWEEN FILTER CAKE AND PULP RATIO.

Using the figures obtained by interpolation from
Fig.X and those obtained in_the preceding section (see Table 26),
the following table (Table 25) ig drawn up showing the relation-
ship between the filter areas required at different dilutions
of the classifier overflow and at different temperatures of
filtration. ’

"The assumptions made are:-
Insoluble in feed to classifiers

per 24 hours 180 tons
Solution to evaporators per 24 hrs. 250 tons.
Rotating drum filtration cycle 7% nmins,
Moisture in filter cake 50 per cent.

Table 28. Calcine Filtration - Relation between Pulp Hatio and
Filter Area Hequired.

% of insol- Insol- : Insol- {(Filter area required

uble classifier uble Pulp uble A sq.ft.
feed in O/F solids ratio filter | 4 = & x 11.66
in O/F of O/F | cake b 0.7
a tons 250 b 1b/sqfti 209C. | 550C. | 900G,
2
4 7.2 34.g i <097 1237 664 600
5 9.0 27. % .127 1094 587 530
6 - 10.8 23.1 «165 1009 584 527
g 12.6 19.8 .185 1134 609 550
14.4 17.4 201 1194 641 579
10 18.0 13.9 .22 1344 21 651
12 21.6 11.6 23 1523 17 39
14 25.2 9.9 1 .243 1729 927 39
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. The filter area required has been adjusted for possible’

© cover blinding, it having been assumed that the efficiency of
the fllter cloth Wlll be reduced from thls cause by 30%.

: . The flgures for the areas required at 52 and 90°C. were
obtalned by multiplying the areas required at 20°C. by 0.537 and
0.485, respectively, these factors being obtalned from the '

results of tests 69 ~71. :

" The factors used in complling the above table are
- necessarily fairly wide approx1matlons, but the results are of
lnterest mainly for- purposes of comparison.

From the graph obtalned by plotting the percentage of
. insoluble classifier -feed appearlng in the classifier overflow
. against the flltering area required to handle the resultant ’
tonage of fines (Figure XI) can be found the most favourable
balance between  these two variables. ‘ -
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FIGURE XIe- EELAEIONSHI? BETWEEN FILTER AREA AND PHLPlRATIOw

praw Ty e 4.~¢-ne,-, g

: - Thug it is found that the 1atter 1s a mlnimum at 520
sqg. f£t. when filtration is carried out at -90°C. and when 5.6
_per cent of the insoluble .classifier feed overflows with the
pregnant solution. The ratio of solution to solids in the
. overflow is, under these conditlons, of the order of 25 to 1.

(11e) Rate of lncrease of Eilter Cake:

Though there is mnch to be said for the contlnulty of

-, operation resulting from the use of rotating drum vacuum-filters,

the use of these machines for handling this type of pulp may-be |
somewhat limited in this case, malnly by the hlgh dllutlon and
_slow rate of cake formation. ' .

: . Even when fllterlng at 90 Cey the maximum cake thickness

obtalned in 3 minutes was between 1/8 inch and- 3/16 .inch, while
assumlng that a 5 minute cake forming perlod could be allowed,
the maximum cake thlckness that could be expected would be 11ttle
more- th&n 3/16 inch. ‘ ‘
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A factor 'which would lessen - the difflculty of dlscharglng
sudh a cake is -the. readiness with which it can be blown off the
filter cloth. A cake formed by hot filtration dlscharged more
cleanly than one formed-in the cold. .

A test (Ellter Test 76) has been carrled out %o obtaln
figures which would be of use should consgideration be given to the
possibility of using vacuum-leaf fllters for th1s worke.

: - Filtration was continued for. 30: minutes in a. pulp of
. initial rvatio 16 solution to 1 insoluble solids, and the volume
of filtrate measured at two minute intervals.

The constant conditions during the.test were:-

Filtering medium . = - .10 oz. duck

Filter area " - 0.1 Bg. £t.
Temperature ; 199C. (66.2°F)

Salts in solution -+ 11.0 gr. per 100 CaCe
Vacuum » - 26 -inches.

The_results‘we;e as shown in Table 30,

Table 39. Calcine Filtration - Rate of increase of Filter Cake.

Filter Cake , « L
Th.lc:kness es e ceoe © ese eese 0.2 inch.

Moisture : o o 50.7 per cent.
Wet unWaShed - Welght. L) _~ LI 2 L3S 70 3 graMS'o

: Dry unwashed - weight... . Tews .  ese 34.7 grams.

. ‘= per cent soluble . ... 10. 6 per cent.

. Dry insoluble - weight ( caleds) oo 31.0 grams.
Time . ‘ - ' A . '
Inter- Fil- -1 Dry. unwash— Dry unwash- — insoluble cake
vali trate ed cake - led cake. Rate of
- ' A = A x 34.7|C=Bx0.022 =0x0. 894 increase.

mins. | c.c. gm.. 766| 1b/sq.ft. [1b/sq. ft. 1b/sq.ft/min.
1 1147 6.66 - 0.15 0.1 0.131
2 198 8.97 - 0.20 0.1 0.046
3 - 242 10.97 . - 0.24 0.22 \ 0.040
4 i 270 12.24 4 027 0.24 " 0.025
6 329 | 14,90 . - | 0.33 0.29 0.026
8 1.382 17.32 10.38 . 0.34 ‘ 0.024
12 . 499 . 21.70 . 048 - 0.4 © 70,02
14 519 23.52 , 0.52 - 0.4 0,016
16 556 25.19. . 0.56 . 0.50 | . 0,016
18 ‘589 + 26,70 0.59 0.5 0.015
20 .| 623 1 28.22 0.62°, o.5é 0.015
22 652 | 29.60 . "0.65 0.58 . i 0.014
24 - .| 683 | 30.95 - 0.68 0.61 - | . 0.013
26 - i 715 .7 . 32.40 - 0.71 0.64. 0014
. 28 738 1 33.45 " 0.74 0.66 . 0,010
30 | 786 § 34.70 0476 0.68 0,012
s - [’. R

-The results show a fairly steady decrease 1n filterlng
rate after ‘the first three nminutes.

. Allowing: a 30. m1nute cake fonming period it is reasonabla
to assume say a 90 minute cycle. Thus during each cycle a cake

would form containing 0.68 1lb. insoluble residue per square foot

! of filtering area and the total filterlng area required to handle’
.t tons of fines per 24 houre would be given by . i
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A = 2240 ‘x 1.5 ¢ sqe Tte
- 0.68 x 24 el
o= 206 t 8Q. ft.r ‘

if flltering were carrled out at 90°C.,1nstead of at
atmospheric temperature - and in practice & filtration temper-
ature approaching 90°C. may reasonably be expected - then from
Filter Test Nos. 69 and 71 the value of & under these
condltlons would be - A ‘

"=111xa~"f..

A= 53L.F 206% 0 eqe Tt

= 99 t sq. ft.
;= 178 p sq. ft!

where. p ls the percentage of 1nsoluble cla831f1er feed which
overflows as sllmes.

: Allowance must be made for the effect of - the gradual

clogging action. of the slimes .on the efficiency of the filter
cloth, and so, assuming a cover-blinding factor of 0.7, the above
area would,under plant operating condltions, beoome -

A= 141t = 254 p 8q. ft.’
] o These flgures apply, of courae, only to flltration at
pulp ratios of the order of 16 to 1. Some idea of the approx-

- imate areas required at other dilutions may be obtelned from a
_~con31deration of the results of .tests 72-75 ’ '

c. Leachlng,Alternatlve No. 3‘

Thlekenlgg and Elltratlon of’Ballamlll Product:

‘ . . This method involves the use of thickeners and vacuum
- filters to wash and dewater the ground ‘calcine.

In flltratlon tests carried out on the ground ‘calcine
(see below, Filter Tests Nos. 77-78), under conditions represent-
ing a normal Oliver filter cycle, a cake was obtained carrying
about 38% moisture and 16.3% of residual water-soluble salts.
. Considering that the unwashed calcine cortains only 26. 6ﬁ of

- water-soluble salts these results indicate that vacuum

- filtration of the calecine could be satisfactorily conducted
only if double filtration with intérmediate repulping and
thickening were practleed..* ]

Flgure "XII- illustrates a p0551b1e flow sheet. for thls
method of‘leaching. ’ . , .

(a) Ball Mills'

‘ Grlnding of the calcine should present no dlfflcultles.-
Pour tests were conducted whereby figures were obtained comparing
the general grinding characterlstics ,of the calcine with those
. of a clean quartz,ore.' . oo ) )

. The quartz ore was stage ground through & Braun
_pulveriser, the various fractions sieved out, and a synthetic
product was made up from the various fractions to give a sizing
analy51s 1dent1ca1 w1th that of the unground calcine.

One pound charges were added with the same weight
. of Water to Abbe pebble mills carrylng pebble loads of 9 1b.
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each., Grinding was allowed to prbceed for 15 and 30 minutes,
after which the sizing- of each product was determined. The
results are shown in Lable 30.

 Table 30. Grinding of Calcine,

T ¥ M Sizing Analyses - per cent

: Initial After 15 minutes After 30 ninutes
Screen Sizing Quartz Calcine Quartz Calcine
+ 20 74 0.4 - - -
+ 30 61.4 18.2 0.4 1.1 -
+ 40 25.9 16.3 4.7 35 -
+ 60 3.0 13.1 5.1 5.0 0.1
+ 80 0.6 5.8 4,9 3.5 0.1
+100 0.7 10.1 12.7 11.6 2.9
+150 0.4 11.7 13.3 24.1 11.1
+200 0.1 3.6 3.5 5.8 3.5
-200 0.5 20.8 55.4 45.4 82.3

(b) First Thickener:

Owing to the relatively poor filtering properties of the
ground calcine, this thickener would serve a useful purpose in
taking much of the load from, the rotary filter.

Assuming the overflow to be of the order of 100 tons s0l~
ution per day, the thickener underflow fed to the filter would
have a consistency of approximately 40% solids, this latter
figure depending to a large extent on the fineness of grinding.
The overflow, together{with the filtrate from the first filter,
would constitute the evaporator feed.

(¢) PEirst Rotary Filters

This unit should give as filter cake 180 tons of insolulle
residue per 24 hours, together with approximately 125 tons of
water carrying 15 tons of Ko804. Assuming setilement to a 1%
to 1 pulp ratio in the first thickener then the feed to the
filter would be 455 tons of pulp in addition to 33 tons of .
dissolved KpSO4 per day.

The filter cake would next he repulped for washing with
fresh water at as high dilution as practicable, say by the
addition of 375 tons of water, giving a pulp ratio of the order
of 2.8 water to 1 insoluble solids in the mixer.

1t seems questionable whether washing on the first
filter would be good practice, as greater benefit would be
derived by introducing what additional water can be added to the
circuit at the mixer.

Filter Tests Wos. 77 and 78 were carried out om a
calcine pulp wet ground to the fellowing sizing:-

Fraction Weight %

+ 30

+ 40 9

+ 60 . : g

+ 80 0

+ 100 l 3

+ 150 15.7

+ 200 3.1

- 200 . 5108
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: " The result of the tests 1ndicated that a 3/16uf cake
would be.obtained during a three minute cycle. The dry weight
of thé cake per sq. ft. averaged 0.75 1lb. but as this contained
)16 3% water soluble solids, the total filtering area required
to handle 180 tons of insoluble calcine leach residue per 24
hours will be. given by. L

A = 0040 x 180 . . . .-
SRR 7y 'x' 0B x 20 % 34 °% £,
= . 1340 sq. £t

In filtering this type of material the cloth blinding
action will be fairly severe, and to give a ‘filtering area
comparable to that required under large scale operating con-
d%tione, the ‘above figure would need to. be divided by a factor
o 070 : . ,
: The filtering area required would therefore be of the
_order of 1900 8q. ft.

. Assuming a 51milar ares required at the second filtratiomn
stage, it would appear- that, to handle the celcine residue by
double filtration, would necessitate the installation of, say,
three 14' x 14' drum filters, each with a filtering area of 616
8q. £t., at each of the filtration stages.. These could possibly
be replaced by two 1l4' x 24' units at each.stage, g1v1ng a total

filtering area of 3520 sq. £t. -

The unfavourable filtering characteristics of the ground
calcine led- to. con51deration being given to the possibilities of
'handling the unground material by filtration.

. ‘To filter 'this type of material in practice, a top-feed
unit, or one of the Dorrco type, would he essential. Top-feed
filters, though de31gned primarily to handlée rapid settling
crystalline solids to give a dry but incompletely washed product,
have also been adapted in a lesser. degree to filter pulps - .

‘containing insoluble solids. Barnebl- [62] describes the de-
watering and drying of minus 12 mesh foundry sands using one
of these machines of the Swenson type. The capacity of thise
type of filter is given by .Irvin [63] as between .5 and 35 tons
per sq. £t. per 24 hours, depending on the nature of the feed -
and the amount of drying required. Thus éven at the lower figure
a 6 ft. x 6 £t. unit would handle 560 tons per day. Iliodern top-

- feed filters are fitted with a feeding device which not only

" distributes a coarse feed uniformly over the cloth but also

removes undesirable fines from the feed by a form of hydraulic
.cla531ficat10n. ’ :

The Dorrco type of filter, as far as is known to the
writer, is not in operation in this country but apparently finds
a fairly wide application overseas. Jin this machine the filter-
' medium is on the inside of the drum; ‘while the pulp is fed into
the bottom of the drum, thus eliminating the usual filter tank
gnd sgitator. The rapidity with which the solids settle helps
considerably in forming a cake of uniform thickness and porosity
which, when formed, is discharged at the top ‘by means of a
reverse air blow into a discharge chute. It is the type of
- machine suggested by Barnebl [64] as being suitable for handling

a granular material where dewatering and washing are the
1mportamt factors. :

- To duplicate strictly in the laboratory the conditions
applying ‘during the handling of 10 mesh alunite by machines of

the types described above, special equipment would be required,
but & reasonable approach to such conditions should be obtained
by filtration in the ordinary Buchner filter funnel. ,
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Informatlon calculated.to a551at ‘in assessing the
- possibilities of this type of flltration would include’ the
- determination of the percentage of water remaining in the .
filter. cake when unground calcine was flltered, together with -
the percentage of water soluble salts 1eft ‘in the fllter -cake
.after filtration

(a) without washlng

* (b) after washing with a quantlty of hot water
equal to the moisture left in the cake.

A number of tests were accordingly carrled out to obtain .
this information. In each test, calcine was extracted at 100°C,
‘for 10 minutes, at a pulp ratio of 1 calcine to 1.5 water (except

" in Filter Test 81).  The actual filtration took place at approx-
imately 70°G. Lo - )

. By cake forming period is meant the time elapsed from
transferring the pulp to the filter funnel until the level of the
solution falls below that of the ‘cake. Similarly the washing
- period is the time taken by the wash water to fall to the same
levelo " - N

Five tests were made, using calcine obtained from an. hour
- roast of -10+20 mesh. materlal at a maximum.temperature of 750°C.
(Calclnation Test 12). :

 The constant condltions durlng the tests.were as follows:

" Vacuum 26 inches .
Filter medium ‘ No.5 Whatman paper.
. Temperature of filtratlon 70°C. approx. .
Pulp ratio : 1.5 to 1
1.9 to'1 (Test 81 only) -
60 seconds
17+.5 sq. inches.

‘HDraaning time
Filter areaf;

The results are set out below in Table 3is-

Table 31. Filtration of Unground Calcine,
Filter Pulp. Filter cycle - sec. | Wash. Filtrate
Test Calecine Water ] \ water | (+ wash)
No. Sh. gim. - Forming Washing £l e CeCo
79 100 150 180 - S - 95
80 74 111 - © 70 Co- C - 70
81 64 121 . 60 o~ - 92
82 74 S 11X 60 - R -7
83 74 111 50 30 40 11
84 ‘ 74 111 55 50 40 116
mmwx -
251 S _Filter Cake - SoTuble
Filter - - ) n — salts
Test Thickness | Wet. wgt. | Water Water | Dry cake | recovered
No. ~ inch gn. gm. 7o % insoluble 7
0.5 145 59 a~ 1 40.7 - 63.0
g 0.4 . 100 © 36.5 8 72 65.6
81 0.3 83 - g 5 35.6 6. 739
-83 0.4 98- 7-5 33.3 4-47 82-3
84 0.4 99 ~39 0 39.4 3.67 86.4

obtained in Tests 80 .and 82 was 37.5 gm.

The average figure for the m01sture in the wet cakes

Tests 83 and 84 were
conducted under conditions iderntical with those of Tests 80 and
82 except that thls &mount of‘water (actually 40 gm. was used) wa.s
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.applled as a hot water wash. ‘Such a Wwash resulted in-

increasing - the average water soluble salt recovery frem
A_'64 8% to 84.8%. . - . ;

-(@J' Second Thlckenerf

Overflow from thls unlt, together w1th the flltrate
from the second filter would make up the solution fed to the.
ball mill with the . calcine.. The underflow, at say 40ﬁ sollds,
‘would be further dewatered,by flltratlon.,

(e) Secord: Rotary Ellteroi"fv':w.

‘ Assumlng o feed of 40% lnsoluble solids to th1s unlt,
the emount of KpS04 in the féed would amount to 8.1 tons per

‘day. (180 Tons. insoluble, plus 15 tons KoSO4 and 125 tons

‘water from the first filter cake are repulped with 375 tons

. additional water. This is thlckened to 1% to 1, giving a
thickener underflow carrying '180. tons of solution contalnlng

15 X 270/500 = 8. l tons K2804.) . ;

) rrom the filter cake moisture flgures obtalned in

. Filter Tests Nos. 77-and 78, it is apparent that the unwashed

cake from thls filter Would contaln approxrmately 3 75 tons
~of KQSO4. )

The above filter tests further show thatfln a normal
Oliver filter cycle, washing of this cake is very inefficient

“and  that -therefore only a slight reductlon .in. the ‘above dally
loss of K2804‘can be expeoted., ' : .

D. Leaching Alternatite No. 4 L

‘ Gounter-current,Pereolation'Leaching:

(a) - General: -

The results of tests described under Sectlons A, B and
C above,:strongly stress the desirability of designing a plant
which will produce ' a minimum quantity of slimes to be handled
- gither by settlement cor-.filtration, or by a ‘combination of both.
In this- respect, the second 1each1ng alternatlve, namely, leach-
ing by ‘counter-current washing in-'a series of classifiers, seems,
the most likely of the three alternatives 'so far described to
‘meet with commercial success.  Even here, the hahdling of the.
classlfier overflow might eas1ly be a source of trouble./‘

: It is. evzdent that many of these potentlal troubles'
could be overcome should it prove practicable to- leach the,
calcine Dby-percolating. suitable solutions through statlonary '
calolne charges contalned in. vats.<' . .

) , ' Exoept for charglne and dlscharglng of the vats, the
mechanloal operations: involved 'in such a ‘method- consist solely
of -pumping ‘solution from one vat to another. Operating costs ’
,are therefore llght, and capltal expendlture very low. : ’

Erom the foreg01ng tests, a number of pos1t1ve oalolne
characterlstlce, as opposed %o the essentially negative ones -of
poor settlement and filterability, have emerged which would
favour the percolatlon method of treatment.- Of these, the
cnlef are - .. o . T

_*(1) rapldlty of solutlon.OL water-soluble content;
‘ ,(11) ‘the . absence .of any appreclable ‘breaking down
’ .of .calcine- particlés: during water ‘treatment;
--{iii) the retainihg-of the free percolatlng properties
B - - of a calclne cherge as 2 result of (11) above..

.
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"As the success or otherwise of vat leaching depends
to a2 large degree on the free percolating properties of the
material when treated under plant scale conditions, a first
essential is-a determination of the behaviour of the material
under comparable conditions. Further tests which are indicated
include a study of the relative merits of treating a charge in
a single vat by straight out percolation, or by circulating the
extracting solution through the charge a number of times; the
possibility of obtaining effluent solutions saturated at an
elevated temperature, and the efficiency of extraction obtalned
by using a 11m1ted amount of water only.

Tests carried out to obtain the requlred information
will now be described.

(b) Percolation through a Four-foot Column of Calcines:

In percolation leaching the limiting factor is the
time which is required for leaching and washing solutions to pass
through the mass of material being treated. The following experi-
ments (Leaching Test No.l1l9) were carried out to give limiting
values of these times, so that some idea could be gained of the
time required for a cycle, and of the size of the vats required
to obtain a day's through put of calcined alunite, .

A cylindrical vat 4 £t. deep and 9 inches in diameter
was made from two 2-ft sections of sewer piping. These two pipes
were placed with their flanged ends upwards, the lower end of the
upper pipe resting on a narrow strlp of soft rubber seated in the
flange of the lower pipe. This join was made water-proof by fill-
ing the flange with molten sulphur. When this had cooled it
served to cement the two pipes and to prevent any leakage at the
join. The lower end of the column was covered with a rubber cap
which fitted over the outside of the pipe. Tliis cap was tightly

fitted and was clamped with a metal strip. An outlet was run
from the centre of this cap throughh a hole in the base board on
which the vat stood, and away to the vessels used for collectlng
the effluent.

A wooden false bottom was placed directly above the rubbe:
cap in the vat. This was just a circular disc of wood with
numerous 1/8% holes in it, and with a slightly raised flange
around the edge so that the disc was raised off the rubber
bottom. The disc was covered -with a 4" layer of glass wool.

The column was then filled with calcined alunite from Calcin-.
ation Test No. 26. 85 1b. (38.6 kg.) of calcine were required
to form the column. -

The material is so porous that to start a percolation
leach it is necessary to fill the vat with liguor (or water)
from below, otherwise the air-would not be displaced and short-
circuiting would occur. This filling of the vat was carried
out by running water from a large 15 litre bottle into the
bottom of the vat under a head of about 9 £t. at the commence-
ment of filling, and 3 ft. at the end. The limiting factors
were the head and the size of the tap on the bottle. To fill
the vat so that free water just appeared on the top of the vat
required 11 minutes and the amount of water required was 32.2
litres.

The. actual percolation test was ‘carried out by keeping
the top of the alunite covered with water at all times and
allowing the effluent to run away through the bottom outlet as
‘fast as this outlet would allow, or as fast as the effluent
percolated, whichever was the faster. From the rates obtained
it seems falrly certain that the former was the limiting fagtor.
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As the rate Was 80 fast, no further determlnations w1th a- larger
.outlet were corsidered. neoessary. The effluent was allowed to
run out into 15 litre bottles and the tlmes for runnlng of each
15 11tres were determined. :

?rellmlnary 1aboratory scale experlments had shown that
in each of the leaching stages:of a. leaching cycle, the amount of
solution to ‘be passed through the calcihe was appr oximately 3
tlmes the weight of  thé calcine being treated. As a limiting
case, ‘therefore, water -equivalent to 3. txmes the weight of
calcine was passed’ through.the column. : Cold watér was used as
it'is more easily handled and the rate obtained would not be
faster than that. obtained: using hot solutions.. lhus the time.
“was determined for 120 litres of effluent (= app. 3 x 38.6°kg.)

to pass out of the column. ' In practice this quantity would . v
include the amount draining out after displacement was stopped, -
but this amount was not-known at this stage. It was determined
later to be about 12 or 13 litres in from 15 to 30 minutes.
'rResults are shown 1n the follow1ng table (lable 3_).

‘ Table 3_,' Percolatlon through,Four foot Oolumn of Calcine.'
: . : (Leaehlng,Test No.lg) )

i

Ellllgg,of column.

Calemne requlred R 8 6 kg.

I I .. .Ban.
Water required . . - .- 32 2 litres.
c e e ' 71 gallons

*D’sp;acement;percbletiong

. min.. see. oe T © 1 777 litres
 §"vl6f % :1;' ’ ,
4 200 .30
6 25 45
8. 35 - 60
10 .- " 45° 75
e 2
‘ ,17 20 0L T 120%
19- 7300 . T 135

~ 6.9 litres pernun,
‘gallong & M
.6 inches ' W

k Thus. Average rate ‘of percolatlon
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Drainings

Starting with free 1

the calcine:-

Effluent volume

litres

iquor just showing above

. Draining time

min. SsSec.

0 45
0 56
1 8
1 22
1 46
2 20
22

14 4
26 -
50 -
75 -

The graph below (Figure XIV) indicates the variation
in rate of draining with time.
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RATE OF DRAINING OF CATLCINE.

FIGURE XIV.

The results of the above test show that the rate
of percolation of water through a four foot calcine charge
is very satisfactory, indicating that even under the weight
of the charge above, the lower layers of calcine retain
their form and permeability during and after extraction of

their water soluble salts.
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(c) Nature of Solutlon Elow in’. Slngle Vat - Clrculatlon v.
Peroolatlon. . . ‘

Tests Were conducted to determlne the relatlve efflc-n
iencies of the following methods for the’ removal of the soluble
salt content of. calclne by vat leaehlng - .

(1) Allow1ng the: extractlng solutlon to percolate slowly
. once through the charge, the rate of addition of
solution to the top of the vat to be the same as. the
rate of dlscharge from beneath the Vet \ .

- (ii) Clrculatlng the extracting solutlon contlnuously through
the vet for a period of time sufficient to ensure the
complete solutlon of all Water soluble salts. ’

(i) The tests. Were made on 500 gm. harges of mlnusafﬁ
. calecine from Calcination: Test No. 26. This calcine consisted of .
22.7% Water soluble s&l ts, the test charges therefore contalnlng
‘113, 5 gm. of these saLts. oo L :

| ‘The vat used was a tall 1 litre pyrex beaker, 3" ,'
‘diameter and 75" deep, giving a charge depth of approximately
43"J The extracting solution was stored in a flask fitted Wlth

a condenser and maintgined at a temperature approaching '100°¢,
by immersion in a watér bath. - The covered vat was 31m11arly

kept between 90°C.-and 100°C. in a second water bath, and the -
extracting solution syphoned on to: the vat until the surface of
the charge was. just covered. ‘A second syphon, by means of which
the pregnant solution was drawn off from the bottom of the vat
‘upwards through a -central tube, was then started, the rate of flow
of the syphons being adjusted so that the whole of the solutlon
'is passed through the calolne 1n approxlmately l hour.,’ .

‘ . In"one test (Leaohlng Test 20} water was used as. the
.extracting medium, and in a second test (Test 21) an extractlng
solution carrying 9.8 gnm. of". salts per. 100 gm. of water was used.
Thls solutlon con31sted of - ..~ .

'}'K2804 ,Iﬂ ."5497.gm}" f
JJ:§?2804>A:L~fJ”f34w6 gm. .
'Aﬁg804&: S '8.7 gnm.
‘ “'-3’1?2011' R 1ooo g
- {ii) . The maxrmumhreoovery of salts by contlnuous clrculatlon

~of. extraoting solution. through the -vat was: determined theoretic~
ally. . The flgures shown for extraction by this method are
caloulated ‘assaming the charge drained to-the -seme moisture . .
'content as that of the correspondrng percolatlon test.

1he eonstant conditlons durlng the above tests weres: -

,

Treatment time . 60 minutes
Average temperature 92§° C.
‘ . Salts:in calcine . ..
: T . ...charge- -~ _;* 113.5. gm.
a~Water in each extract—
1ng solutlon ‘,, : 1000 ety

. The results are shown in Table 33." The flgures for-‘
" the- maximum - recovery of salts by continuous circulatien, arrived
at by calculatlon, are shown as tests ao(a) ‘and 21(a)
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Table 33 Caidine'ieaqg;ng};feércalaﬁian.vﬁ’cirbulation.

‘ Salts TTotal ':‘T;:' , - " rl‘ : ﬁxtract-
_ | Leach~in . Salts | . ~Hffluent - - | Residue ing
. 'ling . Extraction!in ~ T = — Efflc_
Test |Solution ;System|Total | Salts | Water'| Water|Salts iency -
No. |- 7 1 A “-welght B |- 1" |A-BB" 1
AN S '“gnlo) : =11 grﬂo . C€Me | Lglna:: gnm. glno' I X 00
.‘ .‘,V“ — AN l', — : .'“'l Y - % ,
20 | o 113'5' 759..7|102.4 | 656.6-] 310 [11.1 | ' 90.2
20(a)| 0T 1135 b o 78.37| - e (352 ] 69,0
21 98 - |211.5 {882 |17i.0 | 721.0 | 289 -[40.57 80.8
S 21(a)| 98 211.5" oo~ 150,04 | = =0 611 | 712

. These results empha31ze “the: advantage of contlnuous ;
.percolation .at a controlled rate as opposed to contlnuous
circulation of extractlng solution Wztnin.a vat. -

-
ey

(d) I ic Bercolation Teet

A large number of prellmlnary percolatlon tests were - .
.“carried out to obtain information relative to the moisture
- content of the leached re81due, the nature of the effluent -
- solutions, thé approximate crystal yields .to be- expected and
- the relatlve merlte of hot ‘and cold extractlon.‘ .

) Uslng the - data thus collected, a- contlnuous counter-
.current percolation plant was designed for laboratory scale
operatlon. A continuous: test (Leaching Test 22) was then made
over a period of 14 days, -during which over Ilfty extraction.

cycles were completéd. Thls test is descrlbed 1n detall 1n
‘the follow1ng pages., . .

Leachlng Test No. 22 -1
: (l) General - p 79

'5(2);:The nature of the LeachlngA cle - D 79

- (3) Eqnlpment Used- p 80

‘(4)i,commencement of Gycle - p 81 -

-'qj(fi;”Experlmental ?rocedure - D. 82 »
(6)}‘Results o : o ’
L (1) Crystal Yleld. P 84

(11) Mother quuors. Pp.38 -

(111) hes:tdues -.p 89

(1v) Washlng,hlquore - p 91 -

B f(7j3fM150ellaneous Results

(1) Elevatlon of Boillng 201nt of
Crystalllser Heed - P 92

(il) Comp031t10n Orystallleer Féed - p 93l

(xu) Mln. Feed o Crystalliser < p 94
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LEACHING TEST 22

GENERAL.

The calcine used throughout the leaehlng test was fram
Calcination Test 26. In this calecination test, ungraded -z inch
alunite was roasted at a maximum temperature of 750 C. The
material was fed to the furnace at the rate of 1 cwt. per hour
and remained under treatment for 40 uminutes.

A grading analysis of the resululng calcine gave the
following flgures. .

lesh - Aperture (inches) ' Weight (%

-1/4%+1 /8% ) 1/8 43.3
=1/8%+ 20° "~ 1/40 33.9

- 20 + 40 1/80 13.1

= 40 + 60 ‘ 1/120 4.1

- 60 + 80 : 1/160 0.4

- 80 +100 1/200 - 2.8

~100 +200 1/400‘ 1.8

=200 L 0:6

On extraction by agitation with an excess of hot water,
22.7% of the calecine was recoverable as water soluble salts.
Of these salts 54.9% consisted of KpSU04 (representing a 75%
recovery of potash), the remainder being chiefly sodium and
magnesium sulphates in the approximate ratio of 3 NagS04 to
1 MgSO04, while small quantities of calcium and aluminium
sulphates were alsc present.

THE NATURE OF THE LEACHING CYCLE.

The object of the crystallizing cycle was to prepare a
saturated solution at an elevated temperature, cool the
solution to some lower temperature, depositing the crystalline
product, then to use the filtered mother liquor as part of the
next leaching solution with which once again to prepare a
saturated sclution at the same elevated temperature.

In the case of the mixture in use here of sodium and
potassium sulphates (together with smaller amounts of magnesium
and. calcium sulphates), glaserite (3KpSO04.NapS04) is the
crystalline type to separate in the early cycles. This . is
rich in potassium sulphate, and consequently leaveg a solution
rich in sodium sulphate. This can obviously only occur a
limited number of times before phase rule considerations
prevent the crystallization of a pure glaserite, and sodium
sulphate or some other crystal product also begins to geparate
out on cooling the pregnant solution.

‘The purpose of this work was to find how many cycles could
be run before this limiting stage was reached, and when reached
to find what to do with the resul ting sclution.

Theoretical considerations decide to some extent the
number of vats required to obtain complete extraction of all
wanted salts from the calcined alunite. These can not take
into account, however, the effect of the various salts present
on the solubilities of the others. It is possible, however, to
decide on an approximate minimum number of wvats to be used.

The total number of vats decided upon was twelve. Of

these nine were to be used for washing and three for extraction

at elevated temperatures. The use of three extraction vats
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requires that the sodium-rich mother liquor be returned to the
cycle at the third vat, this procedure being adopted because

it was estimated that at this point the total water soluble salt
content of the washing solutions would, on an average, most close-
ly approximaete that of the mother liguor.

WO UIPMENT USED

The vats used in this test were specially constructed for
the work. A vat consists of a vertical cylindrical copper vessel
5% inches deep by 3% inches in diameter. The top of the wat is
open. The bottom consisets of a shallow cone, pointing downwards,
about " in height. The outlet from the vat is situated at the
bottom of this conical depression and consists of a piece of o
copper tubing, 1lu inches long, soldered on to the vat. XNext 1o
the vat the outlet tube is surrounded by (and soldered to) a
fitting for holding the vat in the water bath. This fitting
consisits of a brass piece about 1¥ in diameter by 3/8% long with
a flat bottom to act as seat for a rubber washer. The lower part,
about " in diameter by 3/8% long, is threaded. This threaded
bart is run through the bottom of the water bath. The whole
Joint is made watertight by screwing a nut onto this threaded
part on the outside of the water bath.

©  ABsHer_Seal.

- Oulfert fube

Figure XV, Vot LVetails

The vats are only used in combination with the water baths when
thiey consiitute part of the leaching series. In this case the
vats are covered with slightly conical covers, the cone pointing
downwards. These covers are necessary uvo minimise evaporation

losses.

The waterbaths, only used in the leaching series, consist
of vertical cylindrical copper vesselg with flat bases and open
at the top. There is a circular hole (¥" diameter) in the centre
of the base to allow the outlet of the vat to pass through. The
dimensions of the waterbaths (65" by 74" diameter) are such that
when a vat is in the waterbath there is an annular space 2¥ wide
to hold the heating water. The conical shape of the bottom of the
vats allows for water to also enter under the bottem of the vats
to within % inch of the centre. In this way it is possible to
use a ring burner for heating the baths and in practice riug
burners of 35" diameter were used. There is an outlet tube at
the bottom of the water bath at the side for emptying the bath
before removing a vat to the washing series. Iigch bath is
supported by means of three iron hooks let through the copper at
the top of the bath. These hooks fit over the crosspieces of
a tripod. The tripod was made so that the three vats in the
washing series could be placed one above the other. By this
arrangement it is possible to rum the leaching solution by
gravity through all of the leaching vats.
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In the washing series the vats are cold and the waterbaths
are not used. In this case the vats are stood in retort stands
clamped to a vertical steel rod. £l1 of the washing vats were
Placed in this vertical series, there being sufficient space
between vats for manipulating a burette clip on a short piece of
rubber tubing connected to the vat outlet. the rate of flow of
the washing solution through the washing vats is regulated by
adjusting these clips.

The vats are all fitted with false bottoms. A perforated
porcelain disc 1% in diameter fits over the vat outlet inside
the wvat. A circular piece of hessian fits over the bottom of
the vat and over this disc. The alunite is placed on top of
this hessisans Lhe charge used was, in everyv case, 500 gm. of
dry roested alunite,

COLDBNCEIIENT OF CYCLM.

Results from preliminary leaching tests have shown that a
vat which has reached the stage where it is ready for dumping
contains about 300 gms. of moisture in the residue.

In commencing this leaching test all of the vats used
contained fresh calcine in both the washing and leaching series,
there being 9 vats in the washing series and 3 vats in the
leaching series. This means that in sddition to the water re-
guired for the final effluent twelve lots of 300 gms. of water
must be added to replace the moisture taken up by the vats. The
effluent is required to consist of 1500 gmse. of water plus the
disgolved salts. This quantity is pecessary £o that in the
tempersture cycle between 3U° and 90 Ceo the solution can teke up
the required amount of salts entering the cycle. This means that
5100 gms. of water must be added to the last washing vat (L),
giving 4800 gms. of water (plus some dissolved salts) on %o wash-
ing vat K. At the end of the washing series 2700 gms. of water
(plus dissolved salts) passes on to washing vat D, and the ef-
fluent from D (2400 gus. of water, plus dissolved salts) constit-
utes the leaching solution for the leaching series. It has been
found by experience that preparation of the leaching solution
in this manner gives a solution near to saturation at room ftem-
rergture. Thegse figures for the duantities of water on to and
off the vate in the washing series are arbitrary as no actual
determinations were made of the quantities of these golutions in~
volveds Determinations were made of the quantity and salt con-
tent of the effluent from washing vat De.

Water on to washing vat L vosse 5100 gnse
Solution off washing vat L

i.e¢ leaching =olution soces 3085 gmse
Salt content sseee secen co®es 4-87 gms «

Water content c.cce cseje ovenea 2598 gms.

This solution, prepared by leaching with cold water, was a pale
golden colour and showed the presence of small quantities of
aluminium. On heating to 97 °C. prior to its use as extracting
solution, an appreciable guantity of brown gelatinous sludge
settled out. This was syphoned with the solution on to the hot
vats, the effluent from which was quite clear gnd relatively

free from aluminiume. “After the first cycle, no further coloured
solutions were obtained.

The prepared leaching solution, when passed from the series
of washing vats, a2ll of which were cold, to the series o three
leaching vats, in which solutions and solids were all kept above
90°C,., was first heated in the apparatus previously described.

BHach of these three leaching vats was dried in an air oven
at 120°C. for several hours befa e being included in the circuit,
and in all subsequent cycles the fresh vat brought in was sub-
jected to the same treatments
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In passing through the three (fresh) leaching vats the
solution loses (approximately) a further 900 gms. of water, so
that the final pregnant solution will consist of about 1500 gm. of
water together with a large quantity of dissolved salts

Solution off leaching vat A was 2238 gms.

The pregnant solution was cooled to 30°C. with deposition of
crystals (essentially glaserite at this stage)g These crystals wer
filtered and drled.

Weight of dry crystals sceas 102 gms.
Weight of mother 1iguor ceecs 2124 gms.

This yield of glaserite constituted the yield for the first
cycle.

The final washing vat L was removed from the washing series,
all of the vats being moved up one place (so that vat X of the
first cycle now becomes vat L in the second cycle) and the last
leachlvg vat (C) was added to the washing series,.becomeing wash-
ing vat D. A fresh leaching vat was introduced in the bottom of
the leaching series as vat A of the second cycle.

The second cycle (and subsequent cycles) consisted of paasing
through the series of washing vats a quantity of water (and only
that quantity) which would compensate for the water thrown out
with the last washing vat when this was dumpeds However, in
addition to this, it was found necessary to add some water to
compensate for evaporation losses. This also was added through
the washing series and consisted on an average, of 150 gm. of
water per cycle. This water passed through the washing series
and, after proper time for draining, formed part of the leaching
solutione. The remginder of the leaching solution was made up of
the mother liquor from the crystals in the previous cycles

The following diagram (Figure XV1l) illustrates the procedure

schematically and includes the experlmental figures for the
first three cycles.

EXPERIMENTAL PROCEDURE.

The following notes give detgils of the wvarious manipula-
tions involved in the running of any one cycle.

The washing solution (water) to be added to the last .
washing vat was kept in a cylindrical funnel. The rate at which
this solution flowed onto the vat was such that all of the
washing solution passed through any vat in about 15 minutes.

in washing any one charge, the vat outlet was closed and
wash solution run in until free liquid appeared above the charge
surfazce. This took gpproximately five minutes. The outlet was
then opened and the rate of flow adjusted so that inlet and
outlet rates were identical. After an interval of about 5
minutes, the vat above will have drained fairly completely and
the liquid on the veat being washéd will therefore sink below
the surface of the charge. In roughly 15 minutes from the
time of commencement of the wash, the vat will have drained
until the effluent is reduced to an occasional dripe. A
further period of 20 minutes draining was allowed before clasing
the outlet.
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figure XVl. Frogresgsive Cycles, Leaching Test 229
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5100 gm HoO 450 gm. Hoo 450 gne 450
__pduuped

Ll L L

X K K

[} ' N

q : '

: = ¥ :

[} N ]

° J J

ki e I i

- -
gbecomes vat £ 7
Jof second cycle

vy b D
3085 gm.Soln. 458 gm,., Soln. 440 gm. Soln,
487 gm.Salte
2598 gmein0 ) + +
l F————*-Moiher Liquor > uother Liquor
¢ : ¢ _ C
B |1 B B
A . : A %resh vat A
v X y
2238 gm.Soln. 2159 gm. Soln. 2172 gme. S0ln.
3 - o r\ L
Crystgllizer Crystallizer Crystallizer
l 2124 egmo.Mothex| Ligquox . 2073 gme.diotherliiquor dother liguor
l to second cycle To third cycle } i

]
102 gms crystals 764 gm.crystals 87+ gm.crystals



6o

-84~

Vat L ( at the top of the washing series) was then dige
charged and the regidue weighed while wet and then again after
drying at 126°C. for at least 8 hours.

The total residual salts in this residue were determined
by heating the dried residue with g known excess of distilled
water for 2 hours, and then determining the total dissolved
solids in the resulting filtered extract. This quantity was
determined for every fifth residue, while & total analysis of
the residual salts was made on every tenth residue.

The effluent from the last washing vat (D) was mixed with
the leaching solution for the current cycle. This solution
was heated in a round bottomed flgsk immersed in 2 water bath.
The solution was run out of this flask at about 97°C. on to the
top leaching vat by means of a rubber syphon tube with a burette

. ¢lip for regulating the rate of flow. The outlet from each

leaching vat is fitted in the same way with g burette clip for
regulating the rate of flow.

Iuch the same rate of flow was used in the leaching vats
g8 in the washing vats, but here the larger bulk of solution
mgde the time of passage through a vat considergbly longer,
usually of the order of. 60 minutess

As before, the outlet of & vat was not opened until suffic-
ient solution had been added from the vat above to show free
liguor on the charge surface, at which stage inlet and outlet
rates were adjusted to keep the surface of each charge just
covered with solution. IFrom the time liquid first appeared
on the surface until the whole of the extracting solution had
been added to the vat a periocd of about 60 minutes had elapsed.
A further draining time of 15 mlnutes wa s allowed for each of
these hot vatse

From the foregoing it will be seen that a fresh vat enter-
ing the circuit will be in contact with hot extracting solution
for 60 minutes in each of the positions &, B, C in the leaching
gseriesg; it will have g further contact with wash solubtions of,
say, 15 minutes in each 0f the washing positions from D to L.
Thus the total treatment time of any one charge was 3 hours
extraction and 24 hours washing < an overall period of 5% hourse.

The effluent from vat A was run into a 2-litre flask fitted -
with a condenser to prevent loss of moisture by evaporation
of the hot liguors. : . .

ths pregnant solution was weighed and then cooled gradually
to 30 Cey the cooling taking at least one hour to complete. The
resulting crystals were filtered rapidly on a Buchner funnel and
allowed %o drain in the funnel under full vacuum for 15 mlnutes.
The wet crystals were then Welghed dried overnight at 120°C. and
reweighed. .

The mother liguor (filtrate) was weighed and returned with
the effluent from the washing series to the extraction solution
flasgke

The mother liguor was sampled at every fifth cycle for de-
termination of total dimscolved solids and at every tenth cycle
for a complete analysis.

RESULIS.
(a) Crystel Yield.

The yield of crystals obtained from successive cycles
showed no regular trend, and was reasonably constant in the
region of 90 grams (dry weight), with a maximum varlatlon in
either direction of about 10 grams,
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fFigure xVil: Kp804 content of crystals.
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The potassium sulphate content of the crystasl yields
was determined, and it showed a steady decrease as the number
of cycles increased. The first crystals obtained contained
78.3 per cent K80, and the crystals from cycle 50U contained
68.3 per cent K580,. The graph above (fFigure XV1l) shows the
variation of the K5S04 content of the crystals as the leaching
test proceeded. The KpB804 in the crystals (percent) is
plotted for every fifth cycle with the exception of cycle
40, where cycle 41 is substituted.

The moisture content of a wet crystal yield depends
of course, largely on the method of draining; bhut with a
standard draining procedure and with constant yields of crystals
it was expected that the moisture would also be constant. This,
however, was found not to be the case. The moisture content
showed a definite increase as the number of cycles increased.
This was very probably due to the foxmation of hydrated double
salts with magnesivm. This agreed with the increagsse in the
magnesiuvm content of the crystals as the test proceeded.

Figure XV11l. Ioisture in Crystals after Standard Drgining.
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Figure XV1ll represents the graph of the average moisture
content of each five cycles against the number of the cycle.
The moisture is expressed as the percentage of the moist
crystal weight.

As the leaching test proceeds the various solutions
become progressively more and more concentrated with regpect
to the total salts dissolved. This could be due to the fact
that the comcentrations of sodium and magnesium sulphztes,
relative to potassium sulphate, are increasing. As each of
thege galts is more .soluble than potassiuvm sulphate, the
total amount of salts that the solution can hold will increase.
The decrease in purity of the salt formed is due partly to the
salts contained in the amount of mother liquor left wetting
the crystglss;  but the amount of this impurity was determined
and it was not sufficient to explain the full decregse in the
Kp804 content of the crystals. There must have been other
salts than glaserite crystallizing. .

. . The table following (Table 34) shows various analyses of
crystal products which were made throughout the tests The
yield of crystals is given both wet, as taken off the filter,
and dry. .The moisture content is the difference between these
two weights. &lthough the difference represents water, this
water would in fact be a part of a mother liquor solution.

This means that part of the dry crystal yield is due to evapor-
ated mother liquor. By determination of .the total salts diss
solved in the mother liquors for various cycles, it is pos-
sible to calculate the amounts of salts introduced in this way.
This has been done for every tenth cycle as shown in the

table. ’ ' ; .

In-practice it would be possible to wash the wet crystals
with either water or a concentrated glaserite solution to re-
move the adhering mother liquore. As the mother liquor is
largely responsible for the impurities in the crystals, this
would raise the grade of the salts sufficiently to make them
much more readily acceptable as a commercial product. Or, if
s set minimum grade must be obtained, many more cycles can be
run before the purity drops below this.

The analyses whereby the salt contents of the adhering
mother liguors were determined will be shown later. Here,
however, -the results are used to show the grade of crystal
-product obtainable with washing. I the crystals were not
washed, ‘and assuming an arbitrary ninimum permissible purity
of 70% Ko804,. about 40 cycles could be run before some altera--
tion in process would have to be made. If the poorer crystals
were mixed with the better ones,.the average grade would be
well above -70% (actually 72.8%) for at least 50 cycles. in
‘the case of washed crystals the average grade would be goout 75
3 per cent for the 50 cycles, . Without mixing, the grade of
washed crystals is-well above 70% at the 50th cycle (73+1%)s



 Table 34. Crystal Yields, Leaching Test 22. -

l
Cycle

Crystal Yield

KoS04 " in

Washed

Calculated analysis of

Analyses
|Wet [Dry [Wa ter|. : ’ _ Crystals k crystals after washing
No. |, % OF K804 |MgS04 | CaB04 | NapgS04 | Total m.l.with | washed ' |KoS04 | EHgS04 | CaS0g4 ' Nap S04
. wet | L . X . | yield | crystals | crystals gme . - | ) x
gm. jem. - yield| © % | % | % % gm. g gm.. - % % % %

o ‘98'. 5.l 78-3r - - 1. - |72.8 | 0.70 72,1 91.5 |78.8 - . -
.1gf 83 ; 7 | 8.4 |- 76,2 | 1.00{0.15 [22.7 " | 57.9 " 1l.34. 56.6 73.5 177.0 0.6 | 0.2 22,2 .
~15 - |109 |. 98 10.1- | 74.1 - - - 72.6 - - T2 - - - -

20 |112%] 99 [13%{12.0 | 72.5 .1 2.0410.31 [25.2 .| 71.7 1.86 . 69.8 93.9 17449 | 1.1 0.3 | '23.6 -
25 1100 | 88|11 |11.5. | 74.0°, - - = 165.5 {.. = - - - - - - .
30 {112 | 93 17.0 73.0 | 3.62/0.21 {23.2 | 67.9 . 2.70 65.2 84.1 |77.6 | 2.3 0.2 | 19.9
32 {109 | 89%|19%(17.9 = ].3.82{0.38 . - - - - - - - - - RN
34 {155 1128 17:4° | 72.1.] 4.,10{0.33.:123.5 92.3 . - - - - - - -

35 <1108 | 94 |14 [13.0. | 73.6 b -l - 169.2 ) o - SRS . - - 2

36 1102% vg 19%{19.0 " - | 4.04{0.44 - - - Y- T - - -

38 113 N 5 l oé : 72.7 ‘ 3‘34‘0.42 2305 71.2 - L - T e - - - -
‘&2 |103 | 88%|14k(14.1 | - | 3.77l0i44 | - - - - | LI . -

44 - {122 {104 14.8 - 3.94]0.47 - - - Ca - - - - -

45 {109%) 94 |15%114.2 | 69.5 - - - - 65.3 2.22 63.1 85.4 {74.7 - - -
46 {117 | 96%|20%(17.5 - 9.4310.41 - 1 - - - A - - -
48 |139 [114f|245(17.6 | - ‘i12.50{0.42 | - | - - A T A - -

49 |133 1109 Alg.o I 65.1 -4 - - 7o.g 3.19 6 .g 95.8 170.7 - - -
50 |104 | 89. |15 |14.4 | 68.3 | 5.66[0.68 {25.3 | 60. . 2402 " 53, 80.4 173.1 | 4.4 0.8 | 21.7
51 {101 | 83%17%|17.3 | 66.7 [10.48{0.83 |22.0 | 55.7 2,44 5343 73.8 172.2 9.6 0.9 17.3

% By difference.
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Mother iiggdré}

It has been stated above .that the concentration of
salts dissolved in the mother liguors increased as the.test

This cam readily be seen by reference to Table
The weight of mother liguor throughout the test

was fairly constant as. this was one of the conditions adhered
The most interesting results of the analyses of the
mother ligquors are those represented by the NanS04/KoS04

to.

ratio.

From a:value of less than one in the early cycles

this ratio rises to 2% to one in the later stages while
fairly pure glaserite (78% KQSO4) is still crystalllzlng
from the solutions.

Cyc‘/e /)’amée/'

. FTIGURE XTX. SALTS I MOTHER LI QUOR.

Table 35.  Mother Liguors, Leaching,Tést gg
. - Dissolved Analysés ' of | diséolved- salts
Weight Salts Weight in Solution.ﬁé SO4 Percentage of.
{1Cycle | of feai} Sie K - totgl salts
No. M.L. | em. 100/@11. K2804'Mgso4 CaSQLNaQSOA(RatJ.o Ko S0y [ligSQy [Catly | NaoSUgy
gu. 7~
5 2238 {521 23.3 239.8 49;7 . 231.5 O, 9 46.0| 9.5 | = f44.5
lg 2300 {614 [26.7 |322.0| 74.0| * |218.0{°0.6 H52.5 12.0 | - 35.5
15 2201 641 [29.1 -] S ‘ .
20 2183 1649 |29.7 {211.0 [108.0f * [330.0/ 1.56 [32.5 16.6| - 50.9
25 2194 {687 (31.3 | - - . _
30 2235 731 | 32.0 j220.4 119.6 ® 1391.0 1.77 30.1 16.4 | - 53.5
35 2219 .{728.132.8 ' . «
41 225 757 {33.6 j217.3135. 5 © 1404.2 1.86 [28.7 15.9 - 53.4
45 202 721 135.6 {187.2[134.0! ¥® [400.3 2.14 {26.0)18.5] = | H5.9
49 1880 {667 |35.5 {161.2{121.6] * |384.22.38 {24.2]18. - 57.6
50, 1993 1728 | 36.5 go 41128.1) ¥ [ 429.5 2.52 |23.4(17.6 | -~ 59.0
51 | 2113 |751 35.6' 61132.2| ¥ 1429.2 2.26 {25.2]17.6| - | 57.2
: Figure XIX 1s<a graph of dlssolved salté in the mother
liquor (grms/loo grms) against cycle number, and Flgure XX of
NaoS04/K2804 against cycle number. .
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EIGURE XX. = SODIUM - POTASSTUM RATIO  IN MOTHER LIQUOR.

(e) Residues:’

. ) The insoluble -or undissolved residues from vat L were
dumped after each cycle. The weight of the dried residue was,
on an average, just.under 400 gms., indicating that over 100 gus.
of the possible 112.5 gms. of water soluble salts had been
recovered. The nature and quantity of the :water soluble salts
remaining in the calcine were determined by extracting the
residue with a large excess of hot water. The residual water
scluble salts were then determined by evaporating an aliquot of
this extract to dryness. This was done for every fifth cycle
and for every tenth cycle a determlnatlon was made of the
nature of these soluble salts. '

i Table —3'(below) shows the reaults<of these analyses.
The weights of re31dual water soluble salts -show a very marked
decrease (see Figure XXI), which is very difficult to explain.
'This may be due simply .to an approach towards an equilibrium.
There was no variation in the method of washing. On.the other
‘hand it may be due to the fact that sodium and magnealum
sulphates are building up in the aolutlons, and so in the vats,
and .these salts are more readily ramoved in the washing series.

- It has been shown above.that the ﬂa2804/K2804 ratio
in the mother ‘liguors increased markedly with the increase of
the number-of cycles, changing from 0.7 at cycle 10 %o 2.5
at cycle 50. In the case of the salts remaining in the residues’
a similar change occurs but not to anything like the same
extent. In cycle 10 the ratio is 0.48 and in cycle 50 it is
only 1. 34. This is in agreement with the above statement that
the sodium salts are more- readily- removed from the Washlng geries.
Some rise in thls ratio must be expected, of course, because
of the large increase in the sodium content of liguwors entering
the washing series with vat D from the leaching series.,
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Table 3B. Residues, Leaching Test 22.

. Welght R531dua1 Water-lﬂ Analyseé of residual w/s salts
Cycle of Res-|soluble salts - Percentage of total
No..{. 1due - {Weight |Fercentage. residuel salts,
1 em* ’ gm.. -jof Residue KoB804{2igS0y4 | CaS0, [NanSO4
5 1 400 }10.6 - 2.65 |
100 | 400, 8.9 | 2.22 53.1 | . 3.5| 17.7| 25.7
15 |- 399 |82 | 2.06 o ',
20 1 400 | 7;6' al l1.764 41.5 2.6 17.7{ 38.2
30 400 | 6.6 |° 1.64- | 37.8| 2.9| .14.9| 4.4
35 |- 400 [  6ua . | 1;601 o | R
a0 | 398 6.5 1.62_ ©39.9 | 4.6! 15.9 39.6
45'5 399 6.0 1.51 i‘i- 37.5 | n.d.| n.d.] n.d.
50 397 | 5.4 T 1l.34 "‘ 36.4 | 4.6| 11.5] 47.5

% The welghts given here are only rough weights taken to give an.
‘easy’ check on whether any considerable change was occurring.
The accurate residue weight is, for any cycle .387. 5 gm.A
the weight of re51dual salta.

, Table 37 (below) shows the percentage extraction for
Leachlng Test<22, as calculated from the salt content of the
residues. -From the figures for the individual cycles it is
posgible to calculate the average extraction for the whole test,
but the separate figures are more significant because of the
very marked increase in the extraction as the test proceeded.

Table 37. R351due Extracts -and Total thractlon, Leaching

Test 22.

Extracting Salts/25 Waﬁer/25" Salts in{Residual|Extract-
N Cycle .. Water Jml. of |ml. of Bxtract |- Salts [ion
No.. ¢ Blia . Extract Ixtract - gm. %,of ’ %6
- ‘ gm. ‘ gm. : ’ total :
5. | 1058 | .2506 | 24.75 10.7 9.5 | 90.5
10 1280 | «1736 | 24;83 o 1,8;95: ‘ 8.0  1 92.0
15 | 1194 1749 . | 24.83 | -8.28 | 7.4 92.6-
20, 1157 | 1519 24.85 7.07 6.3 | 93.7
25 . - ”nad. "n.d.f . n,d;‘, © 0 nede n;d. n.d;:
30 1152 1424 24.86 |, 6.60 | 5.9 | 941
35 : ‘12l7:,' ‘;1309<v" 24.87 . 6;4; 5.7 | 94.3
a0 ."}1231f | 1307 24,87 | 6.48 | 5.8 | 942
45 ‘1247 | 1209 | 24.88- 6.06 | 5.4 | 94.6
50 1279 | .1042 | 24090 | ff5.35 " 4.8 | 95.2

-

vefége Extraction 93.57%

———
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Washlng quuors.

(a)

‘ C(/c/e /Vafr) éer . 3
B WATER. SOLUBLE SALTS IN RESIDUE.

" 3o - .

Only two’ samples of the effluents from vat D of the

washing series were taken.

" Table 3§_shows the results of
' analysis of these solutlons.z SR : !

Table 38.

Washlng Ser1es hffluents, beachlngflest 22.

Salts in
Solution
&ie

Weight of |
Effluent |

.Cycle
- No."

Salte in
Solution
D

. Iﬂa(/wa’c/o/ Jc‘:/f.S’ - %

40
50

486 [ 12
el i

152 -

.25.0°

13 4. .14

14.

7 15*
5. 65

*‘4.33‘

4.4 22 -

lt 1s 1nterest1ng to note that the Naaso

S0, ratios

i for these Washlng series effluents are practically identical
- with those of. the mother 11quors of the. corresponding ‘cycles,
. whereas_the’ ratlos for the r681dues have only half this value.

(Table 39).

: ATable 39. Na2804/KQSO4 Ratios for Cycles 40 and 50.

Cycle No.

Ao

V,f&o' |

50

>; Na2804/K2804 ratlo 1n m.1;, -

5.52

(1.86
,2.491;7

S e ~afwash. 1;87‘,'
' ‘w S :2:r351due »L3;9§¢f6'-jd1.3o‘
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~at room temperature, as .this.is a cold washing series..

?-92;‘ 57,:u"‘

The low value of thls ratlo for the re31dues 1ndicatee

that sodium salts .are more readlly removed in the washing series

‘than potaeslum salts. . .The fact that the’ ratios are identical in
the wash eéffluents and mother.liquors. shows that on- this ground
it is permissible to mix'these two to give’ the leaching solution.

. However, reference to Table 35 (above) shows that the total salt

concentration for cycles 40 and 50 are ‘close to 35 per cent by
To mix the wash solutions, -of roughly 25 per cent total
salt concentration, with these solutions is inefficient. Changing
the number of vats in the washing series. could have some effect
on, these concentrations.  However the minimum posaible concentra-
tion of the mother llqugr would be that of a solution (mother '
liquor) saturated at 30 C. The maximui concentration possible
for the washing seéries effluent is that of a solution saturated
Therefore
it ‘is not possible, with. the maximum efficiency obtainable -in
both leaching and waehlng series to obtain two solutions - mother
liquor and washing series effluent - which can be efflclentxy
mixed. - The ohly solution to. this problemn 'seems to lie 1n,having

‘the last stage (at the concentrated.end) of the Washlng geries

carried out at an eleveted temperature.

MISGELLANEOUS RESULTS

‘f,(e) Elevation of b0111ng P01nt of Grvstalllzer Eeed-

'«Table 40. 30111ng,P01nt Blevatlon of Q;yetalllzer eed;:lf -
';4 Pressure B.P. 0f . .| - B‘P.fbf,‘ B.P. . |. B.P. of
| NMeM. solutlon ‘ =’water c elevation, water %
oo . Col~ GD' ‘ Co I OC.
73 T '193‘.8 CF 100.2 | 36 100.0
- 62:8 | -ar.7. 1 a3a T a3 | 42.a
C T 29.5 | 352 | 29:8° ST B.a | 287
‘ f[ g True b.p. flgures for the correspondlng pressurea o

' The mother llquor resultlng frem the crystalllzatlon

“stage of cycle Hl was diluted, hezted to 100° C., and the orlglnal

crystal yiéld .added to. the mother liquor. When solution was
complete, the liquor was evaporated down until. the salt .
concentratlon was the same as in pregnant ‘solution 51, namely
37.8 grams of salts per 100 grams of solutlon.

‘fﬂhe boillng p01nts;of this solubion Were determlned

at -three -arbitrarily chosen pressures, 760 m.m., 62.8 m.m. and

29 5 mem. The boiling p01nts of - distilled water were measuredv

. at the same pressures and in. the samevapparatue.

Lhe experlmente were . conducted in a flask fluted with

" a condenser, and, in the case of the. two lower pressures, .
’conneeted through the condenser to a vacuum pump._ :

The results are shown in the follow1ng table (Table 40)
and are-plotted. on the attached graph (Fig. XXI1X). From. the
graph, the approxlmate boiling point elevations at 1ntermed1ate

- pressures may be obtalned by interpolatz.on.~

(Handbook of Chemietry & Phyelcs p. 1264} . -
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(o) 'éamppsiﬁion'of-GryétaliizerfFee&:
‘ Complete analyses of soluble salts in mother liguors
-.were carried out only in Cycle Nos. 5, 10, 20, 30, 41, 45, 49, -
50 and 51. L . ‘ D ~ o :
; ~The‘foilowingfigures_(Tab];é 41) refer to cycles
20, 30, 41 and 51, and give the calculated compositions of the
pregnant solutions with, for comparison, the compositions of
the corresponding mo ther; liquors. . o '
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Tabie Ei."CSﬁpbsitidnJAf Crystallizer Feed.
qule ﬁo; 20 30 - 41 ‘51
Dry¢wéigﬁt,of caigine cnaége gm. '560 560_ 500 500 .
Extracting Soltuion 'gm .1 2683 2754 12784 2611~
Pregnant Solution _ gm. |2295 | 2400 |2359 l2217
| Kp804 gn./100 gm. | 12.3 | 11.8] 11.6| 11.2
1gS0,, . 48| - 5.2 590 6.4
Na2so4* : s 15.5 17.5 18.2 2044 |
03804.‘ . trace | trace |trace | trace |
Total Salts o 32,67 34.4| 35.7] 38.0
Mother Liquor N . em. §_2183 2285 [2253 | 2113 %
K580, - © gm./100 gn. - 9.7" 9.6/ 9.6 9.0?
MgS0, ow ! 4.9 53 6.0 6.3%
NapS0y o 1151 17.1] 18.0 20.3%
CaS04 . w ;trace ‘tréce trace | trace é
Total Salts u | 29.7| 32.0| 33.6]| 35.6]
Crystal Yield  em. !‘ 99 93 84 83% |
, . i ‘ f

(e) .

.Minimum Feed to Lrystalllzers.

A . In three 1each1ng tests carried out (Nos.P5,P6 22)
the numbers of cycles completed were respectively 5, 17 and

51.°
in Test calcine from Calclnatlon
salts. In Tests
product . from Galclnatlen Test 26 .-
soluble salts. F5 and
here in detail.

Test 21

In each case the calcine charge was 500 grams dry weight:

)} was used, this
being a -10+20 m%ph product carrying 20.2% oi Water-soluble

6 and22, the calcine was' the minus

4+ inch-

', CRTTYing 22.5% of water-:

P6 were two preliminary tests not recorded

Results, together with some conditions under whleh
these tests were carried out, are ‘tabulated below (Table 42).

“Table EZ.

Test Number 5 6 8
Cycles completed: _ 5 o177 51
Average weight of;ﬁreghant golution! 0.57 ° C2.24 1 4,55
Charge weight L -
Total crystal yietd . gmi (110 1197 - | 4676
Average -crystal yield per cycle-gm.| 22 70.5 91.7
Total possible: crystal yield )
per cycle - ‘egm. {101 112.5 |  112.5
Average crystal yield 0.22 0:63 0.82
Possible crystal yield
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Table 42 (Confinﬁed):if
Average K804 content of : _— '
~ crystals ~ . per‘cent. 75 . 74,7 72.8
Average yleld of KgSO4 per cycle gm. 16.5 . 52.7 | - 66.7

Total 00591ble KQSO4 yleld - ) . -
per cycle - - _ " gm.i 59.7. 62 ‘ 62

Average KoS04 yield
Possible K580, yield

6.28 | 0.85 1.08

The average ratios of pregnant solution to dry weight
-of . calcine charge were respectively 0.57, 2.24 and 4.55. The
graph drawn-below (Figure XXIIIL) shows these ratios plotted
against the ratios -

Average crystal 1e1d : Average K S0 ield
(a) 28 y8 J and (B) EC ~2°74 ¥

Possible crystal yield - - . Possible K,80, yield

A
l

e /1/41'7/7/‘ )

I‘?
O
T

N

/;‘eyﬁoﬂ/' Sortors 2 féo

N\

: 0.6 oy Lo "
o /7?@1;7e Melo/ . : Possrible Moesa!

' PIGURE XXITI. RELATIONSHIP BETWEEN SOLUTION = SOLID
- ~ RATIO _AND CRYSTAL YIBELD. . .

~The graph shows that the ratio: (B) reached a value

of U ' pregnant solution ‘yas 3.4 to 1.
ity when the ratio oalcine charge - 3-
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ThlS ratio represents the minimum quantity .of circulating
solution necessary to obtain complete extraction of the potash
salts. From this value of the ratio the minimum quantity of
circulating solution: requlred to give complete extraction of
potasn salts from any charge can.be calculated.

. (Average K2804,yleld)
The fact that the ratio (B) (Fossitle & g % STeT4)
)

reached a value greater than unity has been assum be an

“indication that the minimum value of the ratio. EEE%%EEE.EE%EEE&E
, ' CalCine Charge

‘has been exceeded. - The calculatlon of the required minimum:
guantity is based .on this assumption. It is possible however
for the minimum not to have been reached and yet for the above
ratio (B) to -exceed unity. : i

. ' In the ‘early cycles of a leachlng test the K/Na
ratlo in both solutions and residues is very much higher then
in the later stages. Therefore a darger quantity of circulating
solution will be necessary in the. later cycles, and the calculatior
of the necessary mlnlmum ratlo depends on. the number of cycles to
be run.
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VII., SUMMARY AND _CONCLUSIONS -

The following paragraphs surmarise the resulits of the
test work detailed in the. foregoing sections:-

1. The Lake Campion ore deposit covers an area of over .
400 acres and is estimated to contain over 9 million cubic yards
of alunitic material, averaging over 60ﬁ alunite.

140 acres were sampled to a depth of 3f 6% by the wrlter,
revealing 1,200,000 tons of ore. averagirg 64.6% potash alunite or
- 13.7% 804. Thls alone .represents Australian requirements of
‘potash for 15 years at the present rate of consumption. It
further represents 290,000 tons of alumina. :

The solld gangue is mainly 8111ce0us, 8102 averaglng
Zlﬁ throughout the tonnage sampled. .

2. The euhsurface water is ac1d and hlghly‘sallne. As a
result, the ore contains about 5% of water soluble salts, mainly
‘as chloride and sulphate of sodium and magnesium, with traces
of aluminium, calcium and potash. After calcination and extract-
- ion, these salts represent roughly half the recovery of water
soluble salts..

3. Due mainly to the poor eettllng and fllterlng properties .
of the ore when pulped with water, the removal of these sodium
and magunesium salts prior to calecination, does not appear to be
a practical proposition. Washing of the raw ore by filtering
and by counter current washing in thickeners has been shown to
require prohibitively large filtering and,settling areas. -

4., Calclnations at maximunm temperatures varying between
600°C, and 900°C. have been carried out in a pilot plant rotary
kiln, 12 feet 'long by 16 inches internal diameter. The most
favourable temperstures were found to be between 750°0C. aud 800°C.,
.under which conditions a calcine is obtalned contalnlng 20-25p
water soluble saLte. .

5. The meterial' fed to the kiln need not be gronnd'finer
than minus + inch to give a satisfactory calcine. . The calcine
'80 obtained retains its shape and mechanical strength after

extractlon Wlth hot water.

6. From the flue gases, both HC1 and 52804 may be recovered
for subsequent use in the acid extraction of the potash residues
for the recovery of alumlna. .

, 7. Four leachlng alternatlves are descrlbed and detailed
experiments were carried out to test the feasibility of each.
These tests stressed . the necessity for designing a plant which
. would produce a minimum guantity of finesduring extraction of

the calcine, Like the raw ore, these fines were found to be
‘very difficult to settle and to filter.:

8. The extraction method showri to be most satlsfactory
congists in counter-current 1each1ng of the calcine in vats by
percolation with a series of solutions of decreasing concentration.
By this means advantage is taken of the remarkably free percolat-
ing propertieS'of the calecine carrying the normal amount of fines
and the rapid solubility of the potas51um.su1phate (and other .
water soluble salts) in. the leachlng solutlone. o

9. . By percolatlon leachlng .at an elevated temperature,
a. yleld of glaserlte (3K2804.Na2504) is obtalned from ‘the
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leach liquors simply by cooling, thereby obviating the necessity
for costly evaporators. - The sodium- and magnesium-rich mother
liquors are returned to the 1each1ng circuit maklng the process
~cycllc and contlnuous. : ‘

10. The treatment method recommended consists then, of
calcining minus & 1nch air-dried ore at maximun temperatures
e tween 7500 and 800° C., hot leaching the calcine.by a cyclic
counter-current percolation process, and recovering glaserite
(79% K2804) by cooling the effluent solutions, the mother
ligquors to be returned to the. 1each1ng,system..
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