
DEPARTMENT OF MINES 

South A u s t r a l i a 

RESEARCH AND DEVELOPMENT BRANCH 

R<D. 101 

i f , 

"RECOVERY OF POTASH AND ALUMINA FROM ALUNITE» 
, ... P a R T I . : 

'Recovery of Potash' 

by 

M.J. O'Connor. 

Copy No, . 

Thl s document c o n s i s t s of 9 Pag<3s, DATE : • June 1959 
and an Appendix. ' 



C O N T E N T S 
PAGE. 

A B S T R A C T 

1 . INTRODUCTION. 1 . 

2. RaW MATERIALS. 2. 

2.1' .a lunite Samples ^ 2. 

2 , 2 Limestone 3« 

3. EQUIPMENT.. 3. 

3 . 1 Furnace 3« 

3 . 2 Sample Conta iners 3» 

3 . 3 Leaching Apparatus 3« 

4. EXPERIMENTAL PROCEDURE. ' 3. 

4 . 1 Heat Treatment of A l u n i t e Samples 3» 

4 . 2 Heat Treatment of Aluni te-Limestone Mixtures 4. 

4 . 3 E x t r a c t i o n of Potash from Residues 4. 

5..' RESULTS. 4. 

5 . 1 Heat Treatment of A l u n i t e Samples and E x t r a c t i o n 
of Potash 4. 

5 . 1 . 1 : Heat treatment - 4. 
5 . 1 . 2 : E x t r a c t i o n of potash - 4.. 

5. 2 Heat Treatment of Alunite-Limestone Mixtures and 
E x t r a c t i o n of Potash 5. 

?. 2 . 1 : React ion wi th t h e o r e t i c a l weight of l imestone - 5-. 
). 2. 2 : I d e n t i f i c a t i o n of r e a c t i o n products - 6. 
1. 2.3 : Treatment of l a r g e r sample of AI..3 - 7. 
. 2 7 4 : E f f e c t of v a r i a t i o n i n amounts of l i m e s t o n e - 7. 

6. DISCUSSION. 7. 

6 . 1 Heat Treatment of A l u n i t e 7. 

6. 2 Heating Alunite-Limestone Mixtures 8. 
6 . 2 . 1 : React ion wi th t h e o r e t i c a l weight of limestone - 8. 
b. 2. 2 : The e f f e c t of v a r i a t i o n i n amount cf limestone - 9. 

7 . CONCLUSIONS. . 9. 

8. •REFERENCES. 9. 

A P P E N D I X. 



A B S T R A C T 

Three samples of a l u n i t e conta in ing var ious amounts 

of s i l i c a were s u b j e c t e d t o heat treatment and the r e s i d u e s 

e x t r a c t e d wi th water to r e c o v e r potassium sulphate . 

High r e c o v e r i e s were obtained from a sample 

c o n t a i n i n g only a small percentage of s i l i c a while low 

r e c o v e r i e s were obtained from the sample w i t h a h i g h s i l i o a 

c o n t e n t . 

When mixtures of a l u n i t e and l imestone were 

h e a t e d , improved e x t r a c t i o n of potash was g e n e r a l l y obtained, 

w h i l e the temperature required was lower than that f o r 

a l u n i t e a lone. 

The lowering of the temperature however, does not 

seem s u f f i c i e n t t o enable an economic process to be developed 

from South A u s t r a l i a n a l u n i t e d e p o s i t s . 



1. 

1 . INTRODUCTION. 

The mineral a l u n i t e which i s considered to be a hydras 

b a s i c sulphate (Bowley 1921) may be represented by the i d e a l 

formula K^AlgtOH)-^804)4. Examination of t h i s formula 

i n d i c a t e s a l u n i t e as a p o t e n t i a l source of potassium s u l p h a t e , 

potash alum, aluminium s u l p h a t e , aluminium metal and s u l p h u r i c 

a c i d . Severa l of these products can be obtained much more 

economical ly from o t h e r s o u r c e s . For example; a l u n i t e cannot 

compete with b a u x i t e a s a source of aluminium metal (Knicker-

b o c k e r and Kos te r I 9 j 6 ) . 

Production of alum from aD.unite i s an Industry which 

d a t e s . b a c k to very e a r l y t imes. The method of e x t r a c t i o n 

c a r r i e d out a t La T o l f a , I t a l y was introduced i n t o Europe i n 

the middle of the t h i r t e e n t h century (Thorpe 1 9 1 2 ) . The " 

r e c o v e r y of alum i s low and u n l e s s l a r g e , eas i ly -mined d e p o s i t s 

of a l u n i t e are a v a i l a b l e the method cannot be considered. 

Recovery of aluminium sulphate i s a l s o too c o s t l y because the 

a l u n i t e must f i r s t be heated to remove sulphur t r i o x i d e and 

the r e s i d u e t r e a t e d w i t h concentrated su lphur ic a c i d to 

d i s s o l v e r e s i d u a l alumina. 

Methods f o r e x t r a c t i o n of potassium sulphate reported 

i n the l i t e r a t u r e a l l r e q u i r e heat ing the mineral t o a p p r o x i -

mately 900°C to remove most of the sulphur t r i o x i d e as f o r the 

r e c o v e r y of alumina. This treatment g i v e s a r e s i d u e c o n t a i n -

ing w a t e r so luble potassium sulphate and water i n s o l u b l e alumina 

( B a y l i e s , Cowley, Farrant and Mi les 194.8). Potassium 

sulphate , may be recovered by c r y s t a l l i s a t i o n of an aqueous 

l e a c h l i q u o r . 

Depos i ts of a l u n i t e of a reasonable s i z e occur on 

Yorke Peninsula i n the Hundred of Ramsay and Curramulka. 

Much smal ler occurrences are found a t C a r r i c k a l i n g a Head, 

Rapid Bay, Warnertown and Sheoak F l a t Wel l s . In a r e p o r t 

on the economic p o s s i b i l i t i e s of a l u n i t e treatment (Hosklng 

and Weir 1941) the authors make the f o l l o w i n g statement -

"The d e p o s i t s from the Hundred of Ramsay and Curramulka and 

the v i c i n i t i e s are worth f u r t h e r i n v e s t i g a t i o n s . " .However 
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the r e s u l t s of worlc shown i n t h i s present report appear to 

be the f i r s t chemical I n v e s t i g a t i o n s made on these d e p o s i t s . 

This r e p o r t concerns a new approach to the problem 

of the recovery of potassium sulphate , namely h e a t i n g a 

mixture of a l u n i t e and l imestone , f o l l o w e d by water l e a c h i n g 

of the r e s i d u e . I t i s w e l l known that when a mixture of 

two or more compounds i n the s o l i d s t a t e i s heated i t i s o f t e n 

found t h a t one or more of the components decomposes a t a much 

l o w e r temperature than i f heated alone (Cohn 1948). I t was 

thought p o s s i b l e t h a t the r e a c t i o n of l imestone and a l u n i t e 

might proceed at temperatures lower than 900°C and thus 

enable potassium sulphate to be recovered without the e f f e c t 

of s ide r e a c t i o n s enhanced by s i l i c e o u s i m p u r i t i e s which are 

p r e s e n t i n most a l u n i t e s . Thermodynamic c o n s i d e r a t i o n s of 

the r e a c t i o n which are shown i n the appendix of t h i s r e p o r t 

i n d i c a t e that the r e a c t i o n should proceed at low temperatures. 

2. RAW MATERIALS. 

2 . 1 A l u n i t e samples 

Three samples of a l u n i t e were examined. 

Sampla Al^2 was obtained from the c l i f f s near Port 

V incent , Hundred of Ramsay. 

Sample A l . 3 was taken from a l a r g e nodule i n the c l a y 

a t C a r r l c k a l i n g a Head, Hundred of Myponga, 

Sample A l . 4 i s a r e p r e s e n t a t i v e sample from the 

Hundred of Ramsay. 

Table 1 shows the r e s u l t s of the chemical a n a l y s i s 

of each of these samples. 

TABLE 1 . 
CHEMICAL ANALYSIS OF ALUNITE SAMPLES 

SAMPLE 
NO. 

- X2O 
: {%) i 

Na?0 
A f ) 

Fep07 
( ! ) 

Si02 
(%) 

: 0l~ 
W 

SO3" 

(/) 

H20 
below 
100°C (*) 

H20 
above 
100°C (*) 

A 1 . 2 7. 21 3.04 •34.88 t r a c e 1 1 . 8 4 0.20 29.0 t 1 . 1 2 14 .02 
A 1 . 3 1 0 . 1 2.68 34.58 0.48 '0.14 1.-64 '36.3 0.74 1 7 . 3 1 
A 1 . 4 5 .95 0.83 24.60 . 1.92-: 35.40 O.67 1 9 . 1 0.92 1 1 . 0 

Theoreti-
c a l (Pure 
a l u n i t e ) 1 1 . 3 n i l 37.0 n i l n i l n i l 38.5, ( n i l 

\ 
1 3 . 2 
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A l . 3 i s a f a i r l y pure potash a l u n i t e , whi le A 1 . 4 

has a very h igh proport ion of s i l i c a which was shown by X-ray 

d i f f r a c t o g r a p h examination to be i n the form of quartz . 

A l l samples t e s t e d were ground to 60 p e r cent , 

minus 200 mesh ( T y l e r Screen) . 

2 . 2 Limestone 

A sample of Angaston marble crushed to 60 p e r cent, 

minus 200 mesh. ( T y l e r Screen) was used.- The chemical 

a n a l y s i s i s shown i n Table 2. 

TABLE 2. 
CHEMICAL.ANSLY§TS OF LIMESTONE 

R a d i c a l Found Pure Limestone 
.00 (fo) 

CaO 54.4 5 6 
MgO O.87 n i l 

Fe203 1 . 0 1 n i l 
C02 43.2 44 
H20 0.26 n i l 

3. EQUIPMENT. ; 

3 . 1 Furnace 

Samples were heated i n an a u t o m a t i c a l l y c o n t r o l l e d 

"Gio-Bar1 1 f u r n a c e , , the temperature being recorded cont inuously 

on a Kent Recorder. Temperatures up to 1200°C were r e a d i l y 

obta ined but most_experiments were c a r r i e d out in the range 

3 0 0 - 1000°C with a v a r i a t i o n of ± 5°C. 

3 . 2 Sample Conta iners 

React ion mixtures were heated i n 3 inch p o r c e l a i n 

d i s h e s . 

3•3 Leaching Apparatus 
o 

A w a t e r - b a t h , maintained a t 50 C with a "Circotherm" 

c o n s t a n t temperature unit was used. Leaching was c a r r i e d 

out i n 250 m i l l i l i t r e f l a t bottomed f l a s k s f i t t e d with a 

mechanical s t i r r e r . 

4.. EXPERIMENTAL • P RO.CEDURE. 

4 . 1 Heat Treatment of A l u n i t e Samples 

Weighed samples of a l u n i t e were heated i n p o r c e l a i n 

d i s h e s i n the f u r n a c e . Samples were spread evenly i n the 
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d i s h e s to ensure t h a t maximum area was a v a i l a b l e f o r r e a c t i o n . 

At the completion of each experiment the d i s h was removed 

from the f u r n a c e and al lowed to cool t o room temperature. 

The product was Xtfeighed, and then crushed using a mortar 

and p e s t l e . 

4. 2 Heat Treatment of Alunite-Limestone Mixtures 

Weighed a l u n i t e samples were mixed thoroughly with 

enough l imestone to r e a c t with the sulphate 'combined as 

aluminium sulphate i n the a l u n i t e . The r e a c t a n t s were 

heated to temperatures of 1000°0. The product was removed 

from the furnace a f t e r each experiment, cooled, weighed 

and then crushed. 

The amount of l imestone was v a r i e d t o g i v e an 

i n d i c a t i o n of the minimum q u a n t i t y required f o r optimum 

r e c o v e r y of potash. 

4 . 3 E x t r a c t i o n of Potash from Residues 

The crushed r e s i d u e s were p l a c e d i n f l a t bottomed 

f l a s k s , a f i x e d volume of d i s t i l l e d water was added, and the 

c o n t e n t s were s t i r r e d f o r a f i x e d time i n the constant 

temperature water-bath* This procedure was used in a l l 

experiments t o ensure uniform l e a c h i n g c o n d i t i o n s . 

The leached samples were f i l t e r e d through a 

Buchner f i l t e r , washed thoroughly with d i s t i l l e d water and 

the f i l t r a t e and washings wore d i l u t e d to a standard volume 

and assayed f o r potash. 

% RESULTS. 

5 . 1 Heat Treatment o'f A l u n i t e Samples and E x t r a c t i o n of 
[Potash 

5 . 1 . 1 : Heat treatment -

25 grams of each of the samples A l . 2 , A l . 3 , and 

A 1 . 4 was heated a t temperatures i n the range 300- 1000°C. 

The residues- were weighed t o determine l o s s of water and 

sulphur t r i o x i d e . Table 3 shows temperature, h e a t i n g time 

and l o s s of w e i g h t . 

5>1 .2 : E x t r a c t i o n of potash -

The crushed r e s i d u e s were leached, a t 50°C f o r one 



hour wi th d i s t i l l e d water (150 m i l l i l i t r e s ) ; E x t r a c t i o n 

of potash (K20) l s s h o w i n Table 3 and a l s o represented 

g r a p h i c a l l y i n F i g u r e s 1,. 2, and 3. 

' T^bls 3. 
ALUNITE HEATED ALONE.' 

LOSS IN WEIGHT AND EXTRACTION OF POTASH ON. HEATING 
• 25 GRaM SAMPLE. 

Temperature 
f ° C ) . . 

Time (hr] 
Loss i n xfelght (g) K2O E x t r a c t e d ( ^ ) 

A 1 . 3 A l . 2 A 1 . 4 A 1 . 3 A l . 2 A l . 4 

300 1 n. d. 0 .5 n.d.. n. d. 0 .5 n.d. 

300 2 n.d. . 0 .5 n. d. n .d . 0 .7 n. d. 

400 1 1 . 6 0.7 1 . 4 16 5 20 

400 2 2 . 1 1 . 0 1 . 4 21 10 32 

500 1 3 . 4 2.3 2 .7 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 2 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 1 0 . 3 9 . 1 ' 6. -i 95 76 42 

900 2 1 0 . 3 9.5 64 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 Alunite-Limestone Mixtures and 

E x t r a c t i o n of Potash 

5 . 2 . 1 : React ion wi th t h e o r e t i c a l weight of l imestone -

A l u n i t e samples were mixed thoroughly w i t h an 

amount of l imestone s u f f i c i e n t t o r e a c t w i t h the aluminium 

sulphate content in each c a s e . The weight of l imestone 

r e q u i r e d to r e a c t w i t h a 25 gram sample of a l u n i t e i s as 

f o l l o w s : 
A I . 3 - 8 .5 gram l imestone 
A 1 . 2 - 6 . 4 » . « 
A I . 4 _ 5 .3 n 11 
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Temperature, heat ing time, and l o s s of w e i g h t are 

shown i n Table•4. 

Residues were t r e a t e d using the procedure i n 

S e c t i o n 5 . 1 . 2 , and e x t r a c t i o n of potash i s shown in Table 4. 

These r e s u l t s are a l s o represented g r a p h i c a l l y in F i g u r e s 

4 , 5 and 6. 

TABLE 4. 

HEATING ALUNITE MIXED WITH THE THEORETICAL 
WEIGHT OF LIMESTONE. 

LOSS IN WEIGHT AND EXTRACTION. OF POTASH. 

A 1 . 3 (25 g) : l imestone (8.5 g) 
A l . 2 (25 g) : l imestone (6.4 g) 
A I . 4 (25 g) : l imestone (5 .3 g) 

Temperature Time (hr) 
Loss i n weight (g) K2O E x t r a c t e d ( $ ) 

t ° c ) . Time (hr) 
A l . 3 A l . 2 A 1 . 4 A l . 3 A l . 2 A 1 . 4 

300 1 0 .3 n .d . 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 . 5 2.9 2 .7 54 37 58 

500 2 5 . 1 4 .3 2.9 74 47 69 

600 1 6 .9 5.0 3 .4 88 57 62 

600 2 7 . 0 5.8 3 .6 93 69 60 

650 1 7 . 4 n .d . n. d. 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 41 

900. 2' 8 . 2 8.0. 6 . 9 90 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 .d . n . d . ' 

n . d . = not determined 

5..2. 2 : I d e n t i f i c a t i o n -of r e a c t i o n products -

Mixtures o f . A l . 3 (25 grams) and l imestone (8.5 grams) 

were heated a t 550°C f o r f o u r and f i v e hours r e s p e c t i v e l y . 
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At the completion of each t e s t the r e s i d u e s were crushed and 

submitted f o r X-ray d i f f r a c t o g r a p h examination. In each 

case a strong p a t t e r n of CaSC>4 - anhydri te was obtained. 

Chemical a n a l y s i s f o r CO2 i n the r e s i d u e s showed 

t h a t only one per cent , carbonate was p r e s e n t . 

5. 2.3 : Treatment of l a r g e r sample of A l . 3 -

.a l .3 (100 grams) and l imestone (34 grams) were 

mixed and heated at 600°C f o r two hours. The res idue was 

l e a c h e d w i t h 600 m i l l i l i t r e s of d i s t i l l e d water a t 50°C f o r 

one hour, and then f i l t e r e d and washed w i t h water. The 

l e a c h l i q u o r and washings were made to 1000 m i l l i l i t r e s . 

The l i q u o r was p laced i n a l a r g e evaporat ing d i s h 

and evaporated t o dryness . A white c r y s t a l l i n e product 

(23 .7 grams) was obtained which had the f o l l o w i n g composition 

k2O 40.1$ 
Na20 8.82% 
CaO 2.31% 
so4= 48.4^ 

These f i g u r e s represent an o v e r a l l recovery of 95 P^r cent , 

p o t a s h i n a product conta in ing 7 4 . 2 p e r c e n t , potassium 

s u l p h a t e , 20.2 p e r cent , sodium sulphate and 7 . 2 p e r cent , 

calc ium sulphate . 

5. 2.4. : E f f e c t of v a r i a t i o n i n amounts of l imestone -

Samples of A l . 2 and A l . 3 (25 grams) were mixed w i t h 

v a r i o u s weights of l i m e s t o n e . The mixtures were teated f o r 

two hours a t the required temperature and t r e a t e d as descr ibe! 

i n S e c t i o n 4. E x t r a c t i o n of potash i s shown g r a p h i c a l l y 

i n F i g u r e s 7 and 8. Under the c o n d i t i o n s employed the 

optimum e x t r a c t i o n of potash was obtained when t h r e e - q u a r t e r s 

of the t h e o r e t i c a l weight of l imestone was added. 

DISCUSSION. 

6 . 1 Heat Treatment of A l u n i t e 

A maximum recovery of 96 per cent , of the p o t a s h 

was obtained from A l . 3 a f t e r h e a t i n g a t 800°C f o r two hours. 

The maximum r e c o v e r y of potash from A 1 . 2 was 91 p e r c e n t , 

a f t e r heat ing at 800°C f o r two hours. Sample A 1 . 4 which 

has a much h i g h e r s i l i c a content gave a maximum r e c o v e r y of 



66 par cent . KgO a f t e r two. hours 1 heat ing at 700°C. In 

each case as the temperature was Increased above 800°C, the 

p o t a s h recovery was lower. 

These r e s u l t s support those of B a y l i s e et a l (1948) 

who found t h a t a l u n i t e s c o n t a i n i n g l a r g e amounts of s i l i c a 

gave poor recovery of .potash. These authors propose the 

formation of a l u m i r i o - s i l i c a t e s which bind the potassium in a 

w a t e r i n s o l u b l e form* 

6. 2 Heating Aluhi te-Llmestone Mixtures 

-6. 2 . 1 : React ion with t h e o r e t i c a l weight of l imestone -

X-ray d i f f r a c t o g r a p h examination of a l u n i t e 

(Sample A l . 3 ) a f t e r treatment w i t h the t h e o r e t i c a l weight of 

l i m e s t o n e showed the presence of anhydri te and chemical 

a n a l y s i s of t h i s res idue i n d i c a t e d that a t 550°C a l l the 

carbon dioxide from the l imestone had been evolved. On 

the b a s i s of these r e s u l t s , the equation used i n thermodynamic 

c a l c u l a t i o n s (see Appendix) was der ived . 

The thermodynamic c a l c u l a t i o n s which are shown 

g r a p h i c a l l y i n F igure 9 i n d i c a t e t h a t the r e a c t i o n could occur 

a t temperatures above 117°C. Examination of r e s u l t s 

obta ined with sample A 1 . 3 (a reasonably purs potash a l u n i t e ) 

showed t h a t a f t e r two hours' heat ing a t 300°C, f o u r p e r cent, 

of the potash was recovered. This r e s u l t i s in reasonable 

agreement s ince thermodynamic v a l u e s f o r a l u n i t e r e f e r to 

the pure mineral . Thermodynamic c a l c u l a t i o n s are based on 

e q u i l i b r i u m c o n d i t i o n s and i t i s l i k e l y t h a t i f the r e a c t i o n 

mixture were heated a t low temperatures f o r an extremely long 

t ime, good r e c o v e r i e s of potash could be obtained. This 

would probably be uneconomic. 

T h e o r e t i c a l recovery of potash was obtained a f t e r 

two hours ' heat ing of sample A l . 3 at 800°C while sample A l . 2 

gave 97 per cent , recovery a t 700°C. a f t e r two hours. A 

maximum recovery of 69 per cent . -K2O was obtained w i t h 

sample A l . 4 ( a f t e r heat ing f o r two hours at 500°C). Recovery 

f e l l sharply a f t e r the maximum i n each s e r i e s of experiments. 

These r e s u l t s showed that the a d d i t i o n of l imestone improved 



the potcish r e c o v e r y . Examination of graphs showing the 

amount of potash e x t r a c t e d , i n d i c a t e s that at a l l temperatures , 

the recovery of potash was h i g h e r f o r the a l u n i t e - l i m e stone 

mixture than f o r the mineral a lone . 

Recovery was low i n sample Al..4 which c o n t a i n s a 

l a r g e proport ion of s i l i c a . ' The formation of i n s o l u b l e 

potassium s a l t s w i t h aluminium and s i l i c a seems the most 

probable explanat ion f o r t h i s low r e c o v e r y . 

6. 2. 2 : The e f f e c t of . v a r i a t i o n I n amount of l imestone -

F igures 7 and 8 show that a s l i g h t l y h i g h e r e x t r a c -

t i o n of potash r e s u l t e d when t h r e e - q u a r t e r s of the t h e o r e t i c a l 

weight of l imestone was added to A l . 3 , "there was no 

s i g n i f i c a n t d i f f e r e n c e in e x t r a c t i o n f o r sample A 1 . 2 . No 

e x p l a n a t i o n can be o f f e r e d f o r t h i s behaviour. 

7 . CONCLUSIONS.' 

Any considerations of the costs f o r recovery of 

potash from a l u n i t e must be based on the r e s u l t s obtained 

from the treatment of sample A l . 4 . This sample i s a 

r e p r e s e n t a t i v e one from the Hundred of Ramsay, Yorke P e n i n s u l a , 

and t h i s d e p o s i t appears to be the l a r g e s t and most r e a d i l y 

a c c e s s i b l e in South A u s t r a l i a . 

The f o l l o w i n g o b s e r v a t i o n s can be made : 

(a) By heat ing sample A 1 . 4 a l o n e , the maximum r e c o v e r y was 
66 per cent , a f t e r two hours' heat ing at 700°C. 

(b) A s l i g h t l y h i g h e r recovery .(69 p e r cent . ) was obtained 
when t h i s sample was mixed with l imestone and heated 
a t 500°C. f o r two hours. 

Although a d d i t i o n of l imestone b e f o r e heat ing has 

been shown to improve the recovery of potash, i t seems 

u n l i k e l y t h a t a p r o c e s s f o r the recovery of potash from the 

Hundred of Ramsay a l u n i t e d e p o s i t s would be economical. 
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A Thermodynamic Study of the System A l u n i t e -
"" Lime s tone . 

The r e a c t i o n can be considered i d e a l l y as 

K2SO4 A"l2(S04)3 4Al(OH)3 + ^GaGO^ K 2 S0 4 + 3^l2°3 + 3 0 a S 0 4 
' " ( a l u n i t e ) t 3C02 + 6K20 

The f r e e energy change f o r t h i s r e a c t i o n can be 

c a l c u l a t e d from the f o l l o w i n g equat ion. 

FR /T 
A & T = AH298 + f 0 A °P T A s 2 9 8 - T 1 Q A 5 2 

J 298 " Y 298 " T 

dT 

E v a l u a t i o n of the terms i n t h i s e x p r e s s i o n f o r the 

r e a c t i o n under c o n s i d e r a t i o n , i s shown below. 

Numerical v a l u e s of terms f o r a l u n i t e were taken 

from a paper by K.K. K e l l e y (1954) w h i l e a l l other v a l u e s were 

o b t a i n e d from a. p u b l i c a t i o n by Kubaschewski and Evans (1955)* 

( l ) Heat. capa.city data (Cp v a l u e s ) 

Substance Cp 

R e a c t a n t s a l u n i t e 231 .0 r 78. 6 x 10~^T - 6 7 ; 8 3 x 10 5 T~ 2 

3 CaCO^ 74.94 * 1 5 . 7 2 x 10~^T- 18 .60 x 10 5 T~ 2 

A C p r e a c t a n t s 305. 94 + 94. 32 x 10~^T - 86. 43 x 10^T~2 

P r o d u c t s K2SO4 28.77+- 23.80 x IO~3 t _ 4 . 2 6 x i o 5 t ~ * 2 

3 a i 2 0 3 82. 29+ 9 . l 8 x i o ~ 3 t _ 25.41 x IO^T"2 

3 CaS04 50.34+- 70.80 x 10~3T 

3 002 3 1 . 6 5 + 6 . 4 8 x 10~3T - 6 . 1 2 X 1 0 5 T - 2 

6 H2O 4 3 . 0 2 + 15 .36X IO~?T t- o . 4 8 x IO^T"2 

A Cp products = 236.07 +• 125. 62 x 10~3T - 35. 31 x 1O5T~2 

( r e a c t i o n ) = - 6 9 . 87+ 31 . 30 x 10~3T + 51. 2 x 1O5T~2 

'(2) Entropy Values a t 298°K 

A l u n i t e + 3CaC03 ^ K2S04+ 3- t i l 2°3 + 3CaS04+ 3C02 + 6H20 
S 2 q 8 = 1 5 2 . 2 + 3 x 22. 2 ^ 42.0 + 3 x 1 2 . 2 + 3 x 25.5 + 3 x 5 1 . 1 + 6 

x 4 5 . 1 3 

A S 2 9 8 - + 360.4 ca ls/deg/mole 

(3) C a l c u l a t i o n of Enthalpy Change a t 298°K 

A l u n i t e + 3CaC03 _ ^ K g S 0 4 + 3 ^ 0 3 + 3CaS04+ 3C02 + 6H20 

H298 - - 2 4 7 1 - 3 x 288.4 » - 3 4 2 . 6 - 3 x 4 0 0 - 3 x 3 4 2 - 3 x 
9 4 . 1 - 6 x 57 .8 

/^H.298 r e a c t i o n = A h p r o d u c t s - A h r e a c t a n t s 

.*. AH298 m f 1 3 8 . 5 K cals/mole 
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(4) I n t e g r a t i o n of Heat Capacity Data and 
E v a l u a t i o n of Constants 

A ^ P -•= - 6 9 . 8 7 + 31 .30 XIO~3T+ 5 1 . 1 2 XIO5T~2 

I n t e g r a t i o n g i v e s : -

T 
A c p dT « ' - 6 9 . 87T+ 1 5 . 65 x 10~3T2 _ 5 1 . 1 2 X 1O5T_1-4. 

0 const (a) 

and P 9 8 A C P dT - - 6 9 . 8 7 X 298 + 1 5 . 6 5 . x l O ~ 5 x r 2 9 8 2 - 5 1 . 1 5 * 

J° • 1 0 5 x ~ £ + const (a) 
" - 3 6 , 5 8 7 + c o n s t (a) 

f T 
whence \ A Cp dT - -69 . 87T+• 1 5 . 65X 10~3T2 - 5 1 . 1 5 X 1 0 5 T " 1 

J 298 + 36,587 

| T A - - 6 9 . 8 7 1 n T + 31 .30X 10~^T- 25. 56 x 10 5 T~ 2 

T298 

Now , 
'0 T const (b) 

A ^ r M - - - 4 1 7 . 6 + const (b) 
0 

r 
T 

l . - c . , = - 69.87 m T + 3 1 . 3 0 x 1 0 \ - 25.5.6 x 
298 , 1 0 - 5 X T " 2 r 4 1 7 . 6 

(5) S u b s t i t u t i o n of Values i n A , G-T equat ion 

= I38.5OO-69..87T-J-15.65 X 1 0 ~ 3 t 2 - 5 1 . 1 2 X lO^T" 1 

+ 36.587 

- T x 36O.4+69..87T In T - 3 1 , 3 0 x l0"^T 2 + 2 5 . 5 6 x 105T" 1 

- 4 1 7 . 6 T 

S i m p l i f i c a t i o n g i v e s 

A & T - 1 7 5 , 0 8 7 - 847.-9T - 15..65X IO~3T2 + 2.303 x 69.87 x T 
l o g T - 25. 56 x 105t~1 ' 

Free energy changes c a l c u l a t e d from the above 

dquat lon are p l o t t e d g r a p h i c a l l y (Figure 9 ) , from which i t 

i s seen that AG-T = 0 a t T = 398°K.. 

Thus i t can be assumed t h a t the a l u n i t e l imestone 

r e a c t i o n could o c c u r a t temperatures above 1 1 7 ° C , i..e..,, when 

A & T I S n e g a t i v e . An i n s p e c t i o n of F i g u r e 3,. shows t h a t 

a t 200°C there i s no v i s i b l e r e a c t i o n between O a r r i c k a l i n g a 

a l u n i t e and l i m e s t o n e . However,, a p p r e c i a b l e r e a c t i o n 

o c c u r s at .300°C. The thermodynamic c a l c u l a t i o n s are of 

course , , determined f o r i d e a l c o n d i t i o n s e . g . , the v a l u e s 

f o r a l u n i t e r e f e r to pure a l u n i t e . The sample from 

O a r r i c k a l i n g a i s not an i d e a l a l u n i t e and t h e r e f o r e the 



L-SS2JL-

thermodynamic f u n c t i o n s used i n these c a l c u l a t i o n s can be 

considered aa only approximate. 

I t i s probable that i f the heat ing time were very 

long some r e a c t i o n would be d e t e c t e d at temperatures below 

200°C. The f a c t t h a t some r e a c t i o n occurs at 300°C a f t e r 

one hour i n d i c a t e s t h a t experimental r e s u l t s f o r the a l u n i t e -

l i m e s t o n e r e a c t i o n a r e in agreement wi th the thermodynamic 

c a l c u l a t i o n s . 
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