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ABSTRACT

Three samples of alunite contalning various amounts
of silica were subjected to heat treatment and the resldues

extracted with water to recover potassium sulphate.

High recoveries were obtained from a sample
containing only a small percentage of silica while low
recoveries were obtained from the sample with a high silica

content,

When mixtures of alunite and limestone were
heated, lmproved extraction of potash was generally obtained,
while the temperature required was lower than that for

alunite alone.

The lowering of the temperature however, does not
seem sufflclent to enable an economic process to be developed

from South Australian alunite deposits,



1. INTRODUCTION

The mineral alunite which 1s considered to be a hydras
baslc sulphate (Bowley 192;) may be represented by the ideal-
formula KpoAlg(OH)72(804)4. Examination of this formula .
1nd;éates aiunite as a-potential sourcé of potassium sulphate,
potash alum, aluminium sulphate, aluminium metal and sulphuric
acld. Several of these products can be obtained much more
economlcally from other scufdes. For exampie; alunite cannot
compste with bauxite as a source of aluminium metal (Knickeru-l
bocker and Koster 1936). |

Production of alum from alunite is an industry which
dates back to vsry early times. The method of extraction
carried out at La Tolfa, Italy was introduced into Europe in
the middle of the thirteenth century (Thorpe 1912). The
recovery of alum is low and unless large, casily-mined deposits
of alunite are avallable the method cannot be considered
Recovery of aluminium sulphate is also too costly buCﬂUSc the
alunite must first be heated to remove sulphur trioxide and
the residuec treated with concentratcd sulphuric acid to
diSSOqu résidual alumina,

Methods for extraction of potassium sulphate rsported
in the literature all rsquire heatiné the minesral to approxi-
mately 900°C to remove most of the sulphur trioxide as for the
recovery of alumina. This treatment gives a residue contain-
ing water soluble potassium sulphate and water insoluble aluminag
(Bayliss, Cowley, Farrant and Miles 1948). Potassium
sulphate. may be recovered by crystaliisation of an agueous
leach liquor,

Deposits of alunits of a recasonable size occur on
Yorke Peninsula in the ﬁundred of Rameay and Gurramulks.

Much smallér occurrcnces are found at Carridkalinga Head,
Rupid Bay, Warnertown and Sheoak Flat Wells, In 5 report
on thc economic possibilitics of alunite treatment (Hosking
and Weir ;941)-the authors make the following statement -
"The depssits-from the Hundred of Ramsay and Curromulka and

the vicinltles are worth further investigations."  Howevear
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the reéults of work shown in this prescnt report appear to
be the first chemical investigations made on these deposits.
This report conecerns & new approach to the problem
of the recovery of pdtassium sulphate, namely heating a
‘mixture of alunite and limsstone, followed by water leachling
of the residuec. It is wall known that when a mixture of
~two or more cempounds in the solid state is heated 1t is often
found that one or more of the components decomposes at a much
 lower temperature than if heated alons (Cohn 1948), It was
thought possible that the rcaction of limestone and alunite
" might proceced at temperatures lower than 900°C ang thus
enablec potassium sulphate to be recovered without the effect
of side reéactions enhanced by siliccous lmpuritics which are
prcecnt in most alunites. Thermodynamic conelderations of
the rsaction which are shown in the appendix of this report

Indicate that the reaction should proceesd at low temperatures.

2. RAW MATERTALS.

2.1 Alunite samples
Three samples of alunite were examinead.

Sample 41.2 was obtalned from the cliffs near Port

Vincent, Hundred of Ramsay.

Sample Al 3 was taken from a largce nodule in the clay

at Carridkalinga Head, Hundred of Myponga.

Sample Al.4 18 a reprcesentative sample from the

Hundred of Ramsay.

Table 1 shows the results of the chemical analysis

of each of thessc samplés.

TABLE 1.
CHEMICAL ANALYSIS OF ALUNITE SAMPLES
L ", HeO | Ho0
SAMPLE g KaO Nap0 A1g03 FC203 8i0»o :CL"‘SO = Ibelowlabove
NO, L (%) B(%) | (A7) (%) 7) (%) (i% 100°¢{100°¢
J - ) ’ (%) (/o)
al.2 | 7.2113.04|34.88trace 11.8420.20'29.0» 1.12(14.02
Al,3 10.1 [2.68|34.58} 0.48] 0.14|1.64}36.3| 0.74(17.31
A1.4 5.95.ot83 24.60| 1,92135.40[0.67§19.1| 0,92{11.0

ﬂgﬁ(ﬁi~ 11 - o . ; !
“1un1tu7 3 | n ‘37. | nil1 | nil | ni1|3 .5‘ nil {13.2
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Al;3 18 a fairly pure potash alunite, whlle Al.4
nasAa very high proportion'of silica whibh was shown by X-ray
diffractograph exomination to be in the form of quartz.

A1l samples tested were ground to 60 per cent,
minus 200 mesh (Tyie} Screcn).

2.2 Limestone

A samplc of Angaston marblc crushed to 60.perfcent.

‘minus 200 mésh (Tyler Screcn) was used,: The chemical

analysis is shown in Table 2,

"TABLE 2,

CHEMICAL ANALYSIS OF LIMESTONE
Radical Found Pure Limestone
— (%) (%)

Ca0 54. 4 56
MgO - 0.87 nil
Feo03 1.01 nil
CO2 43,2 44
HoO - 0. 26 nil

3. _EQUIPMENT,

3.1 Furnace
Samples weré heated in an automatically controlled
"Glo-Bar® furnace, the tempsrature being recorded éontinuously
on a Kent Recorder, Temperétures up to lEOOOG.were recadlly
~obtained but most_experiments‘were cerricd out in the range
300~ 1000°C with a variation of;i 59¢. |

3,2 Sample Containers:

Reaction mixtures were heated in 3 inch porcelain

dishes,

3.3 Leaching Apparatus
‘ 0
A& water-bath, maintained at 50 C with a "Circotherm"
constant temperature unit_was'used. Leaching was carricd
out in 250 millilitrs flat bottomed flasks fitted with a

mechani cal stirrer.

4. EXPERIMENTAL.PROCEDURE.

4.1 Heat Treatment of Alunitc Samples

5Weighed samplee of alunlte were héated in porcelain

dishes:in‘the furnace., ‘Samples were spread eveénly in the
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dishes to ensur: that maximum arsa was available for reaction.
At the completion of cach e%periment the dish was removed
from the furnace and allowed to cool to room temperature.

The product was wéighed, and then crushed using & mortar

and pestle.

4,2 Hoat Treatment of Alunits-Limestone Mixtures

Weighed alunite samples wer:s mixed thoroughly with
snough limestone to react with the sulphate combined as
aluminium sulphate in the alunite, The_feactants ware
heated to temperaturcs of 1000°¢, The product was removed
from the furnace aftcr each cxperimsnt, cooled, weighsd
and then crushed,

The amount of limcstone was varied to give an
indication of the minimum quantity required for optimum
recovery of potash. |

4,3 Extraction of Potash from Residues

The crushed residucs were placed in flat bottomad
flasks, a fixed volume of distillcd water was added, and the
contents were stirred for a fixed time in the constant
temperaturs watur—bath; This procbduru wasg used in 911
expcriments to cneurc unliform leaching conditions.

The leached samples were filtered through o
Buchner filter, washed thoroughly with distilled water and
ths filtrate and washings were diluted to a standard volume

and assaycd for potash.

5.__RESULTS.

5.1 Heat Treatment of Alunite Sagplps and Extraction of
Potash

5.1.1 ¢ Heoat treatment —

25 grams of cach of ths samples 41.2, Al1.3, and
41,4 was heatsd at températurcs in .the range 300 - 1000°C.
The residucs were weighéd to determine loss of watcr and
sulphur trioxide, Table 3 shows temperature, héating time
and loss of weight.‘

5,1.2 ¢ Extraction of potash —

The crushed residucs were leached at SOOG for one
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hour with distilled water (150 millilitres): Extraction
of potash (Ko0) 1s shown in Table 3 and also re epresented
graphically in Figures 1, &, and 3.
 TaBLE 3.
ALUNITE HEATED ALONE, -

LOSS IN WEIGHT 4ND EXTRACTION OF POTASH ON. HEATING
25 GRaM S4MPLE,

Temperature mime (hr) Loss»in Waight (g) Xe0 Extracted(%)
(°c).. Al,3 81,2 Al.4 Al.3 al.2 Al.4

300 1 n.d, 0.5 n.d, n.d. 0.5 n.d.
300 2 n.d. . 0.5 n.,d&  n.qd, 0.7 n.d.
400 1 1.6 0.7 1.4 16 5 20
400 2 a1l 1,0 1.4 21 10 32
500 1 3.4 23 a7 31 16 38
500 2 4.3 3.5 2.9 40 30 39
600 1 4.6 3.9 3.4 42 36 48
600 e 4.7 4.1 3.6 62 57 48
700 1 5.7 5.1 5.7 63 65 65
700 2 8.1 6.6 5.8 82 79 66
800 1 9.0 7.8 6.3 94 - 90 54
800 2 10.0 8,9 6.4 96 91 54
900 1 103 9.1 6.% 95 76 42
900 e 10.3 9.5 6.9 96 72 32
1000 1 10.5. n.d. n.d. 92 n.d. n.d.
1000 2 10,6 n.d. n.d, 93 .n.d. n.d.
n,d. = not determined

5.2 Heat Treatment of Alunitse-Limestone Mixturus and
_ Extractlion of Potash

2.2.1 ¢ Reaction with theoretical weight of limestons -

Alunite samples were mixed thoroughly with an
amount of limestone sufficient to react with the aluminium
sulphate content in each case. . The weight of limestone

required to react with a 25 gram sample of alunite is as

follows ¢
41,3 - 8.5 gram limestone
Al.E - 6.4 1 . 1
A1, 4 -~ 5.3 il ]
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smperature, heating time, ahd loss of welght are

shown in Tab1;-4>

-Reéidués'were treated using the procedurs in
Section 5.1.2, and extréétion of potash is shown in Table 4.
Thess results are also represented.graphically in Figurcs
4, 5 and 6.

TABLE 4.
‘HEATING ALUNITE MIXED WITH THE TEEORETICAL

"WEIGHT OF LIMESTONE.
1L0SS IN WEIGET AND EXTRACTION OF POTASH.

ﬁi.g §§5 gg t limestone ES.S g
51,4 (22 é : iiﬁéiﬁiii (5:§ S
R T
200 1 0.3 n.a. n.d. 2 n.d, n.d.
300 2 0.3 n.d. n.d. 4 n.d. n.d,
400 1 0.9 n.d. 1.4 16 n.d. 30
400 2 1.9 n.d. 1.4 25 n.d. 31
500 1 4.3 29 27 54 37 58
500 2 5.1 4.3 2.9 74 4T 69
600 1 6.9 5.6 3.4 88 57 62
600 e 7.0 5.8 3.6 93 69 60
650 1 7.4 n.d, nd, 92 n.d. n.d
650 2 7.7 n.d. n.d. 94 n.d. n.d,
700 1 7.7 6.4 5.2 96 86 55
700 2 7.8 7.2 5.6 98 97 46
800 1 8.0 7.6 6.3 100 92 46
800 2 8.1 7.6 6.4 98 86 44
900 1 8.1 7.8 6.8 90 81 A1
900 2 8.2 8.0 6.9 30 72 44
1000 1 8.7 n.d. n.d. 86 n.d. n.d.
1000 2 8.8° n.d. -n.d.. 84 n.,d4, n.a.
'n.d.. = not determined

bD.2,2 ¢ Identification -of reactlon products -
- Mixtures of 4l.3 (25 grams) and limsstone (8.5 grams)

were heated at 55090 for four and five hours respectivealy.
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A% the complction of each teét the residucs were crushed and
gubmitted for X-ray diffractograph examination, In each
case o strong pattern of CaS04 — anhydrite was obtained.
Chemical analysis for COp in the resildues showed
that only one per cent., carbonate was presant; |

5.2.3 : Treatment of larger sample of 41,3 —

#1.3 (100 grams) and limestone (34 grams) were
mixed and heated at 600°C for two hours. The residue was
leached with 600 millilitres of'distilled water at 50°C for
one hour, and then filtered and washsd with water, The
leach liquor and washings were made to 1000 millilitres.

Ths liquor was placed in a large cvaporating dish
and evaporated to dryness, A white cryetalline product

(23,7 grams) was obtained which had ths following composition :

K 50 0.1%
N§20 48.82%
Cal 2. 97%
804 48. 4%

These figures represent an overall rccovery of 95 per cent,
potqsh in a product containing 74.2 per cent. potassium
sulphate, 20.2 per cént. sodium'sulphaté and 7.2 per cent.
calcium sulphate. |

5.2.4 : Effect of variation in amounts of limestone -

Samples of 4l.2 and 41,3 (25 grams) were mixsd with
various weights of 11mesfone. - The mixtures were heated for
two hours at the required temperature and treated as described
in Section 4. Extraction of potash is shown graphicelly
in Figures 7 and 8, ‘ Under the conditions employed the
optimum extraction of potash wag obtained when thrase-quarters

of the theoretical weight of limestone was added.

6. DISCUSSION.

6.1 Heat Treatment of Alunite

A maximum recovery Qf 96 per cent. of ths potash
wae obtained from 41,3 aftor heating at 800°C for two hours.
The maximum recovery of potash from 41,2 was 91 per cant.
after heating at 800°C for two hours. Sample Al,4 which

has a much highsr silica content gave a maximum recovery of




66 psr‘cent. Ko0 after two hours' heating at 700°¢C, In
cach casc as the temperature was incrcassd above 8006G, the
potash rcco&ery was lower,

These“rcéults support thoée of Baylise et al (1948)
who found that aluhites'COntaining'largd amounts of silica
géve poor racovsry of potash, These authors proposz the
‘formation of dlumino;siiicates which bind the poteassium in a
water insolubls form;

6.2 Heating Alunite-Limcstone Mixtures

6.2.1 : Reaction with theorstical weight of limsstons -

X-ray diffractograph examination of_aiﬁnite
(Sample Al.3) after treatmsnt with ths theoratical weight of
limestonc showed ths prescnce of anhydrite and chemical
analysis of this residue indiéated‘that at 55000 all the
carbon dioxide from thc limestone had been evolvad, On
the basls of these results, the cquation us:d in thermodynamic
calculations (scc Appandix) was derivad,

The thermodynamic calculations which arec shown
graphically in Figurc 9 indicats that ths reaction could occur
at tcmpsratures above 117°0¢. Examination of rcsults
obtained with sample 41.3 (a rcasonably purs potash alunite)
showed that after two hours' hoating at 300°C, four p:sr cant.
of the potash was recovered, This result is in reasonablé
agrecment sihce thermodynamlc values for alunite refer to
the pure mineral. Thermodynamic calculations are bascd on
equilibrium conditions and 1%t is liksly that if tﬂe rcaction
mixture were heated at low temberaturas for an sxtrcemely long
tims, good rccoveries of potash could be obtalnad. This
would probably‘be unsconomic,

Theoretical récov:fy of potash was obtainzd aftsr
two hours'lhéating of sample 41.3 at 800°C while samplc A1.2
gave 97 psr cent, rzcovery at 70000. after two hours. A
maxi@um rcocovery of 69 pcr cent.- K20 was obtained with
sampls Al.4h(after heating for two hours at 500°C).  Rccovery
féll sha?ply after the maximum in cach sericee of expsrimsnts,

Thessa resdlts showed that th: addition of limesstone improved



the potash rccovery. Examination of graphs showing tha
amount of potash sxtractcd, indicat:zs that at all temperatures,
the recovary of potash Was higher for the alunite-limestone
mixture than for the mineral alone.

| "Recovery was low in sample Al.4 which contalns a
large proportion of silica. " Ths formation of insoluble
potaseium salte with aluminium and silica scems the most
probablc explanation for this low racovsry.

6.2.2 :“The éffect offvariationﬁin amount of limsstone ~

Figureé 7 and 8 show that a slightly higher extrac-
tion of potash resulted when thres—quartsrs of the theoretical
weight of limestone was added to Al,3, but thers was no |
significant differcnce in extraction for gample Al, 2. No

explanation can be offered for this behaviour,

7. CONCLUBIONS.'

-any consideratione of the costs for recovery of
potash from alunite must be based on the rssults obtained
from the treatment of sample a1.4. Thie sample is a
representative one from the Hundred of Ramsay, Yorke Peninsula,
and this deposit appcars to be the largest and most recadily
accessible in South Australia. | -
The followlng observations can be made

(a) By heating sample #1.4 alonsz, the maximum rccovary was
6 per cent, after two hours' heating at 700°C.

(b) & slightly higher recovsry (69 per cent.) was obtained
when this sample wae mixsd with limestons and haated
at 5000C, for two hours.

Although addition of limestone before heating has
been shown to improve the recovery of potash, it scems

unlikely that a process for the récovery of potash from the

Hundred of Ramsay alunite deposits would be economical.
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A Thbrmodynamic Study of the S stam Alunite-
Limsstone. oo
The reaction can be considered ideally as -
. K804 lg(804)3 481(0H)3 + 3CaC03 == K580, + 341503 + 3CasS0y
(alund te) . | + 3C0o + BESO
The frce energy change for thls rceaction can be

Qalcula%ed from the following equation,

A T : ' T

Acy = Dipgs + . A\ oo ar-TAsp98 - T A 2
29 29 T

Evaluation of thb tecms 1n this expreseion for the
reaction under consideration, is shown below.
 Numerical velucs of terms for alunite were taken
from a paper by K.XK. Kelley (1954) while all other values wore
obtainzd from a publication by Kubaschewskl and Evans (1955).

(1) Heat capacity date (Op values)

Substance Cp.
Reoctants olunite  231.0 + 78.6 x 107°T - 67;:83x 10°T 2

3 0at0q 74.94 + 15,72 x 10777~ 18.60x 10272

AN reactonts 305.944-94.32:{10—3T-86.43:{105T_2
Products  KpSOy 28,77+ 23.80x 1073T — 4,26x 10972

3 41503 82,29+ 9,18x 1073T — 25,41 x 10272

3 CaSOy 50.34 + 70.80 x 1072T

3 002 31.65+ 6,48 x 10737 ~ 6,12x 10072

6 Ho0 43.02+ 15,36 % 1072T + 0,48 x 10212

*. A Cp products= 236,07 + 125,62 x 1073T — 35, 31 x 10972

/A\Cp (reaction) = -69,87+ 31,30x1073T +. 51, 2x 10972
{2) Entropy Valuss at 298°K

Alunite+ 302003 —s3 KpS04 + 341505+ 30a804 + 3005 + 6HgO

Bogg = 152.2+ 3 x 22.2 — 42,0+ 3x12,2+ 3x 25, 5+3x51 1+6
x 45,13

'133298 = o+ 360f4 cals/deg/molea

(3) Colculation of Enthalpy Change xt 2989K

- Alunite + 3CFJCOB f‘_?‘KESO4+ 3";31203* 30&804--1- 3002 + 6H20
Hpg8 = —2471 - 3x 288.4 —> =342,6-3x 400~ 3x 342~ 3 x

D Epgg reaction = AH products~AH reactants
o Z&H298 = + 138.5 K cale/mole



(4) Intsgration of Ecat Capacity Data ond
Bvaluation of Constants

A\ op = -69.87+ 31.30x1075T + 51,12x 109772

‘Integration givea (-

i | -
g A\cp ar ='-69,877+15.65x 107372 — 51,12x109T L 4
o]

) congt (a)

2
and ( 9AGD aT = —69 87x 298 + 15,65x 10" 3% 2982 - 51,15x

10° x + conet (a)
/. ‘—8 = -36,587+ const (a)

(T '
whence |  /\ Cp dT= -69.87T+ 15,65x 1073T2 ~ 51.15x 109171
) e98 + 36,587
,“T . R
Now Z& —Q-EE—Z = -69,871nT + 31.30x 10797 - 25. 56 x 109772
0 + const (b)
(298
oo ! ’ Lf; Cp aT . . 417.6 + const (b)
(0] : .
T
1.2., /A 919-@@— = ~ 69,871nT + 31.30x10"3T - 25,56x
298 t 10°5xT-2 + 417.6

(5) Substitution of Valuece in A\ G equation

: ‘ ) 51
A\Gp = 138,500- 69.87T+15,65x 10772 ~ 51,12x 10T~
+ 36,587
-~ Tx360.4+69.87T1n T ~ 31,30x 107372 + 25,56 x 10571
— 417.6T

Sinplifioation gives

A\ Gy = 175,087 - 847..9T - 15.65x 107312 + 2,303x 69.87x T
log T- 25.56x 10911

Freec cnergy changes calculated from the above
dquation arc plotted graphically (Figure 9), from which 1t
i1s seen that /ANGT = 0 at T = 3980k,

Thus it can be assumpd that the alunite limzestone
reaction céuid occur at temperatures above 11700, i.e., when
A&7 is nsgative. An inspection of Figure 3, shows that
at 200°C therec is no visible reaction bstwsen Cerrickalinga

alunite and limestons, However, apprcciable feaction
occurs.at. 30090, The thermodynamic calculations are of
coursc, determined for 1dea1Aoonditions e.g., the values
for alunite refer to pure alunite. Theﬁsample from

Carrickalinga i1s not an idsal alunite and thercfore the

!
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thermodyﬁamio functions used in these éalculations can be
considcred as only approximafe.

It 1g probabls that 1f the heating time were very
long some reaction would be detesctsd at tempefatures below
200°0, The foct that some reaction occurs at 300°C after
one hour indicates that experimental results for ths alunite~
limestone reaction are in agreement with the thermodynamic

calculations.
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