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C O N Y N G H A M STREET • PARKS IDE • S O U T H A U S T R A L I A 

TELEPHONE 79 1662 • TELEGRAMS 'AMDEL' ADELAIDE 
Please quote this reference in your reply: 

l / l / 6 5 21st June , 1963 

The D i r e c t o r , 
D e p a r t m e n t of Mines , 
Rundle S t ree t , 
ADELAIDE. 

D e a r S i r , 

We a r e t r a n s m i t t i n g to you t en copies of AMDL Repor t 259 
en t i t l ed "Alumin ium Sulphate f r o m Aluni te" , dated June , 1963. 

Both a lumin ium sulphate and p o t a s s i u m su lpha te could be r e c o v e r e d 
f r o m aluni te but u n l e s s l a r g e depos i t s of h i g h - g r a d e , e a s i l y workab le 
a luni te w e r e ava i lab le , the ope ra t ion could be of doubtful economic va lue . 

We c o n s i d e r that a lumin ium sulphate could be p roduced m o r e 
r e a d i l y and m o r e cheaply f r o m s o m e of the white c lay depos i t s in South 
A u s t r a l i a . Some p r e l i m i n a r y work ha s been done under your s p o n s o r s h i p 
on s a m p l e s of c lay f r o m Wi l l i ams town and Birdwood. The r e s u l t s s o f a r 
have been encourag ing . 

We should be p l ea sed to r e c e i v e your c o m m e n t s on th i s R e p o r t . 

Your s fa i thfu l ly , 

L . Wal lace Cof fe r 
D i r e c t o r . 



1. : INTRODUCTION 

It was p roposed that the r e c o v e r y of a lumin ium sulphate f r o m 
South A u s t r a l i a n a luni te should be inves t iga ted . The only known deposi t of 
any s ign i f i cance is in the Hundred of R a m s a y , Yorke P e n i n s u l a , n e a r 
P o r t Vincent. M a t e r i a l f r o m th i s loca l i ty and a l s o f r o m C a r r i c k a l i n g a , 
about 30 m i l e s south of Adela ide , has been examined p r e v i o u s l y , 1 but the 
e m p h a s i s was on the r e c o v e r y of po tash , the r e c o v e r y of a lumina being only 
a s e c o n d a r y cons ide ra t ion . 

A m a j o r u s e f o r a lumin ium sulphate is in the p a p e r - m a k i n g 
indus t ry . T h e r e .is be l ieved to be a f a i r l y l a r g e demand f o r a p roduc t of 
the fol lowing spec i f ica t ion 2 : 

% 
A1203 16 .0 
F e 2 0 3 0. 20 Max imum 

Insolubles 0 .50 " 

The m a r k e t could p robab ly be widened if the F e 2 0 3 content w e r e r educed to 
l e s s than 0. 03 p e r cent . 

Var ious ways of t r e a t i n g the a luni te to r e c o v e r a lumin ium sulphate 
and o ther p roduc t s w e r e to be inves t iga ted . The poss ib i l i ty of f u r t h e r work 
would depend on the outcome of the in i t ia l inves t iga t ion and on the qual i ty of 
the a lumin ium sulphate which could be p roduced . 

The fol lowing ways of r e c o v e r i n g a lumin ium sulphate w e r e „ 
c o n s i d e r e d : 

1. Heat ing m i x t u r e s of a luni te and l i m e s t o n e followed 
by leach ing and o ther t r e a t m e n t s - de ta i l s of th i s 
p r o c e d u r e a r e given in a r e p o r t by M . J . O ' C o n n o r . 1 

2. Heat ing aluni te alone followed by l each ing with 
w a t e r a n d / o r su lphur i c acid . 

3. D i rec t t r e a t m e n t with su lphur i c :acid. 

4. D i rec t t r e a t m e n t with p o t a s s i u m hydroxide . 

Two s a m p l e s f r o m the Yorke P e n i n s u l a deposi t w e r e ava i lab le , 
as well a s one s a m p l e of f a i r l y p u r e a luni te f r o m C a r r i c k a l i n g a . All t h r e e 
s a m p l e s had been used fo r p r ev ious work and had been ana lysed c h e m i c a l l y 
f o r m a j o r cons t i tuen t s . 

1. O 'Connor , M . J . , " R e c o v e r y of P o t a s h and Alumina f r o m Alunite 
P a r t 1. Dept. of Mines , South A u s t r a l i a , R e s e a r c h and 
Development B r a n c h . Repor t RD1 01. 

2. L e t t e r f r o m Wal la roo-Mount Lye l l F e r t i l i z e r s L i m i t e d dated 
7th J a n u a r y , 1963. 
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2. . SUMMARY 

Aluni te s a m p l e s f r o m the Hundred of R a m s a y on Yorke P e n i n s u l a 
and f r o m C a r r i c k a l i n g a Head to the south of Adela ide w e r e t r e a t e d in v a r i o u s 
ways to r e c o v e r a lumin ium sulphate and b y - p r o d u c t s . F o u r p r o c e d u r e s 
w e r e inves t iga ted for decompos ing the a luni te : 

1. Mix tu r e s of a luni te and l i m e s t o n e w e r e hea ted at 
500°C then l eached with w a t e r to r e m o v e p o t a s s i u m 
sulphate and gypsum. The a lumina in the res idue , 
was d i sso lved by su lphur i c ac id t r e a t m e n t . 

2. The aluni te was hea ted f o r 4 h o u r s e i t h e r ,at 
550 or 600°C. In one s e r i e s , the dehydra ted 
a luni te was l eached f i r s t with w a t e r , then with 
su lphur i c acid and, in ano the r , it was t r e a t e d 
d i r ec t l y with su lphur i c acid . 

3. An amount of su lphur i c acid r e q u i r e d to r e a c t 
with the a lumin ium hydroxide in the a luni te was 
added to the d r y m a t e r i a l and the m i x t u r e was 
hea ted f o r 4 h o u r s at 300°C. The su lphated 
m a t e r i a l was l eached with w a t e r . 

4. P o t a s s i u m hydroxide was added as an aqueous 
solut ion, the m i x t u r e was evapora t ed to d rynes s - and 
then hea ted f o r 4 h o u r s at 400°C. The f u s e d m a s s 
was l eached with w a t e r and the r e s i d u e was t r e a t e d 
with su lphur i c ac id to d i s so lve a lumina . 

The s i m p l e s t and mos t e f fec t ive p r o c e d u r e was to heat the a luni te 
at 600°C and then t r e a t it with su lphur i c ac id to d i s so lve the a lumina . By 
th i s t r e a t m e n t , up to 90 p e r cent of the po tash and a lumina was d i s so lved . 
None of the o ther p r o c e d u r e s gave a s good r e c o v e r i e s and they w e r e a l l 
m o r e compl i ca ted and p robab ly m o r e expens ive . 

Two me thods of r e c o v e r i n g the components f r o m l iquor p r e p a r e d 
by the p r e f e r r e d method w e r e inves t iga ted . 

1. D i rec t evapora t ion g a v e ' f a i r l y s h a r p s e p a r a t i o n 
into p o t a s s i u m a lum and a lumin ium su lpha te . 
About 75 p e r cent of the a lumin ium could thus be 
r e c o v e r e d a s the su lphate in s a l eab l e f o r m . 

2. A lumin ium hydroxide was p r ec ip i t a t ed by aqueous 
a m m o n i a and s e p a r a t e d by f i l t r a t ion . The f i l t r a t e 
y ie lded a m i x t u r e of a m m o n i u m and p o t a s s i u m 
su lpha tes when evapora t ed . The a lumin ium 
hydroxide was d i s so lved in su lphur i c ac id and the 
solut ion was evapo ra t ed to p roduce a lumin ium 
sulphate . Vi r tua l ly a l l the a lumina could be 
r e c o v e r e d by r e t u r n i n g the m o t h e r l iquor to an-
e a r l i e r s t age of the p r o c e s s . 
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The use of e i t h e r of t he se p r o c e d u r e s could r e s u l t in p roduc t ion 
of s a l eab l e a lumin ium sulphate . P r o b a b l y r e c r y s t a l l i z a t i o n or p e r h a p s m o r e 
compl i ca ted t r e a t m e n t would be r e q u i r e d to p roduce sulphate of h ighe r 
qual i ty ( l e s s than 0. 03 p e r cent Fe 2 0 3 ) . The p r o c e d u r e ba sed on d i r ec t 
evapora t ion of l iquor would p robab ly be the s i m p l e r and m o r e economica l , 
p a r t i c u l a r l y if t h e r e w e r e a m a r k e t f o r the a lum produced in the f i r s t s t a g e s 
of evapora t ion . 

3. MATERIAL EXAMINED 

Hundred of R a m s a y : 

Sample ALZ 
Sample AL4 

F r o m the c l i f f s n e a r P o r t Vincent 
A r e p r e s e n t a t i v e s a m p l e f r o m the whole 
deposi t . 

C a r r i c k a l i n g a : 

Sample AL3 F r o m a l a r g e nodule in the c lay at 
C a r r i c k a l i n g a Head, Hundred of 
Myponga. 

All s a m p l e s w e r e ground to 60 p e r cent m inus 2 0 0 - m e s h (Tyler ) . 
Tab le 1 shows the c h e m i c a l ana ly s i s of the s a m p l e s . 



TABLE 1: CHEMICAL ANALYSIS OF ALUNITE SAMPLES 

Sample KzO NazO Al 2 0 3 F e 2 0 3 SiOz CI S0 3 H 2 0 H 2 0 
No. below above 

% % % % % % % 100°C 100°C 

AL2 7. 21 3. 04 34. 88 t r a c e 11. 84 0. 20 .29- 0 ' 1 . 1 2 ' 14. 02 

AL3 10. 1 2 .68 34. 58 0. 48 0. 14 1. 64 36. 3 0. 74 17. 31 

AL4 5. 95 0. 83 24. 60 1. 92 35. 40 0. 67 19. 1 0. 92 11. 0 

P u r e a luni te( a ) 11. 3 nil 37. 0 nil ni l ni l 38. 5 nil 13. 2 

(a) T h e o r e t i c a l composi t ion . 



4. ANCILLARY MATERIALS 

L i m e s t o n e . High g rade m a r b l e f r o m Angaston was ground to 60 p e r cent 
m inus 2 0 0 - m e s h . The s a m p l e contained about 98 p e r cent CaC0 3 . 

C h e m i c a l s and Reagen t s . "Ana la r " or " c h e m i c a l l y pu re" m a t e r i a l s w e r e 
u sed . 

5. DECOMPOSITION O F ALUNITE 

Conventional l a b o r a t o r y equipment was u s e d f o r heat ing, leaching , 
f i l t e r i n g , e t c . E i t h e r a con t ro l l ed t e m p e r a t u r e f u r n a c e or a dry ing oven was 
used f o r hea t ing at spec i f i c t e m p e r a t u r e s . The leach ing t e m p e r a t u r e was 
con t ro l led by a constant t e m p e r a t u r e water, ba th at .50°. F i l t r a t e s w e r e m a d e 
up to known vo lumes and a s s a y e d fo r KzO or A1203 a s r e q u i r e d . 

5. 1 A l u n i t e - L i m e s t o n e Reac t ion 

The aluni te was mixed with suf f ic ien t l i m e s t o n e to r e a c t with the 
su lphate combined with a lumin ium oxide and the m i x t u r e was hea ted at 
500°C.for 4 h o u r s . The product was l eached with w a t e r to r e m o v e soluble 
p o t a s s i u m sulphate and then l eached with 0. 6N sodium ch lo r ide (equivalent 
to s ea wate r ) to r e m o v e the gypsum f o r m e d in the in i t ia l r eac t ion . The 
r e s i d u e , which should then have cons i s t ed of a lumina and or ig ina l i m p u r i t i e s , 
was d r i ed and weighed. The d r i ed m a t e r i a l was mixed with su f f i c i en t 
su lphur i c ac id to conver t a l l the a lumina to a lumin ium sulphate , al lowed to 
s tand on a boi l ing wa te r bath unt i l r eac t ion ihad c e a s e d , then l eached with 
w a t e r . The r e s u l t s a r e given in T a b l e s 2'-and 3. 

5 . 2 T h e r m a l Decompos i t ion of Alunite 

The aluni te was hea ted at the r e q u i r e d t e m p e r a t u r e fo r 4 h o u r s , 
then cooled and weighed. The hea ted m a t e r i a l was t r e a t e d by s e v e r a l 
d i f f e r en t p r o c e d u r e s . : 

5. 2. 1 Wa te r Leach ing and Acid Leach ing 

The ca lc ined m a t e r i a l was l eached fo r 1 hour at 50°C to r e m o v e 
p o t a s s i u m su lpha te , then f i l t e r e d , and the r e s i d u e d r i ed and weighed. The 
d r i ed m a t e r i a l was mixed with suf f ic ien t su lphur i c acid to conver t the 
a lumina to su lpha te . A f t e r l each ing and f i l t e r i ng , the r e s i d u e was d r i ed and 
weighed. The r e s u l t s a r e given in Tab le s 4 and 5. , 

5. 2. 2 Acid Leach ing 

Soluble p o t a s s i u m sulphate was not f i r s t r e m o v e d , but the ca lc ined 
m a t e r i a l was mixed with the r e q u i s i t e amount of the su lphur i c ac id and 
l eached with w a t e r a f t e r r e a c t i o n had cea sed . The r e s u l t s a r e given in 
Tab le 6. 



TABLE 2: WATER LEACHING O F A L U N I T E - L I M E S T O N E H E A T E D A T 500°C 

Sample N u m b e r Wt Aluni te Wt C a C 0 3 
(a) L o s s at 500°C 

(b) 

Ac tua l T h e o r e t i c a l 
K z O L e a c h e d 

% 

(c) 

AL2 
AL3 
AL4: 

25 
25 
25 

6. 4 
8. 5 
4 . 3 

4. 5 
6. 5 
3 .9 : 

6. 6 
8. 2 
4. 9 ^ 

70 
100 

72 

(a) L i m e s t o n e . (b). M o i s t u r e , combined w a t e r , COz . (c) L e a c h i n g e f f i c i e n c i e s a r e c a l c u l a t e d with 
r e s p e c t to the to t a l amoun t p r e s e n t in e a c h 
s a m p l e . 

T A B L E 3: H 2 S0 4 T R E A T M E N T OF G Y P S U M - F R E E RESIDUES 

Sample In i t ia l Wt F ina l Wt H2SO4 L e a c h L i q u o r (250 ml) 

K„0 AI7O, 

No. g g g g/1 L E ( a ) % g/1 L E % 

AL2 18. 7 5. 2 28 0. 78 11 23. 6 70 
AL3 14. 8 2. 5 28 0. 06 - 23. 3 . 70 
AL4 18. 8 1 0 . 0 19 0. 59 10 16. 4 70- . .; 

(a) Leach ing e f f i c i ency . 



T A B L E 4: WATER LEACHING O F H E A T E D ALUNITE 
T i m e of hea t ing: 4 h o u r s 

Sample Wt Aluni te T e m p L o s s ( a ) L e a c h L iquor (250 ml) 

KzO 
L E ^ % 

AI2O3 

No. g °C g g /1 L E ^ % g /1 L E % 

AL 2 10 550 1. 7 ( 1 . 5 ) 1. 81 62 
AL 3 10 II 1. 8 ( 1 . 8 ) 2. 51 62 Not d e t e r m i n e d 
AL 4 10 II 1. 3 (1 .2) 1. 26 63 
AL 2 25 .600 4. 2 (3 .8) 3. 35 45 2. 8 8 
AL 4 . 25 ii 3. 6 (3 .0) 3. 05 50 1 . 7 7 

(a) F i g u r e s in p a r e n t h e s i s r e p r e s e n t the weight of m o i s t u r e and combined w a t e r in the a lun i t e . 
(b) LE - Leach ing e f f i c i ency . 

T A B L E 5: H2SO4 T R E A T M E N T O F WATER - L E A C H E D ALUNITE 
T i m e of hea t ing : 4 h o u r s 

Sample In i t ia l Wt F ina l Wt T e m p H2SO4 L e a c h L i q u o r (250 ml) 
KZO A i , o 3 

No. g g °C g g /1 L E ( a ) % g /1 L E % 

AL 2 7 . 6 1. 5 550 7. 5 1. 22 .43 10. 6 76 
AL 3 6. 4 0. 5 ii 7 . 5 1. 37 34 1 1 . 4 81 
AL 4 8. 1 4. 1 ii 5. 0 0. 83 35 7. 7 77 
AL 2 18. 9 5. 5 600 18. 0 4. 3 ! 60 24. 8 ~ 71 
AL 4 19. 1 11 .4 N 13. 0 2. 05 35 14. 9 60 

(a] LE - Leach ing e f f i c i ency . 



TABLE 6: H2SO4 TREATMENT O F HEATED ALUNITE 
T i m e of heat ing: 4 hou r s 

Sample Wt Alunite "Temp L o s s H2S04 L e a c h L iquor (250 ml) 
K?Q A1?Q, 

No. g °c g g ~i7I L E ^ % g/1 . LE % 

A L 2 10 . 550 1. 7 6. 0 3. 21 100 12. 9 92 

A L 3 10 II 1. 8 7. 5 3. 65 90 12. 8 92 

AL. 4 10 II 1. 3 5. 0 2. 07 87 8. 5 84 

A L 2 25 600 4. 2 18. 0 7. 8 100 31. 6 91 

A L 4 25 N 3. 6 13. 0 5. 2 85 18. 0 73 

(a) LE - Leach ing ef f ic iency . oo 



9 

5. 3 Reac t i on of Raw Aluni te with Su lphur ic Acid 

Suff ic ient s u l p h u r i c ac id was added to r e a c t with a l u m i n a a c c o r d -
ing t o the equat ion: 

K 2 S0 4 . A12(S04)3 . 4Al(OH)3 + 6 H 2 S0 4 * K 2 S0 4 + 3 A12(S04)3 + 12 HzO 

The H 2S0 4 should r e a c t with the Al(OH)3 component of the a lun i t e , 
tha t is with 2 / 3 of the to t a l A1203 , a s fol low: 

4Al(OH)3 + 6 H 2 S0 4 * 3 A12(S04)3 + 12 HzO 
o r 

A1203 + 3 H 2 S0 4 — T A12(S04)3 + 3 H 2 0 

F r o m t h e s e equa t ions , a p p r o x i m a t e l y 3 g H 2 S0 4 i s r e q u i r e d p e r 
g r a m A l 2 0 3 . The ac id was added a s an aqueous so lu t ion conta in ing 1 g H 2 S 0 4 
p e r m l . The m i x t u r e was d r i e d at 100°C, hea t ed f o r 2 h o u r s at 200°C and 
f ina l ly f o r 4 h o u r s at 300°C. The su lpha ted cake was b r o k e n up and l e a c h e d 
with w a t e r . R e s u l t s a r e given in Tab le 7. 

T A B L E 7: T R E A T M E N T OF ALUNITE WITH H 2 S0 4 

Sample Weight Aluni te H2SO4 L e a c h L i q u o r (330 ml) 

L E ( a ) % No. g g g/1 
* L E ( a ) % 

AL2 25 20 17. 7 68 
A L 3 25 20 17. 6 68 
AL4 25 14 13. 6 74 

(a) L E - L e a c h i n g e f f i c i ency . 

5. 4 R e a c t i o n of Raw Aluni te with P o t a s s i u m Hydroxide 

Suff ic ien t p o t a s s i u m hydrox ide was added t o r e a c t with the 
a l u m i n a a c c o r d i n g t o the equat ion : 

K 2 S0 4 . A12(S04)3 . 4 Al(OH)3 + 6 KOH * 4 K 2 S0 4 + 6 Al(OH)3 

The p o t a s s i u m hydrox ide was d i s s o l v e d in the m i n i m u m amount of w a t e r and 
the so lu t ion was m i x e d with the a lun i t e . A f t e r d ry ing at 100°C, the m i x t u r e 
was hea t ed f o r 4 h o u r s at 400°C, i. e . , jus t above the m e l t i n g point of 
p o t a s s i u m hyd rox ide . The cake was b r o k e n up and l e a c h e d with w a t e r . 
The d r i e d r e s i d u e was t r e a t e d with su f f i c i en t s u l p h u r i c ac id to r e a c t with 
the a l u m i n a and l e a c h e d aga in . R e s u l t s of ac id t r e a t m e n t of the r e s i d u e 
a r e given in Tab l e 8. 
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T A B L E 8: H 2 S0 4 T R E A T M E N T O F RESIDUES FROM 
KOH T R E A T M E N T 

Sample 

No. 

Aluni te 
Wt 
g 

KOH 
R e s i d u e Wt 

g 

H2SO4 

g 
H2SO4 

R e s i d u e Wt 
g 

L i q u o r ( a ) (250 ml) 

K2O AI2O3 

g/1 g /1 LE(b) % 

A L Z Z5 1 3 . 9 ' Z8 4 . 2 Z. 1 2 2 . 7 65 
A L 3 25 1 1 . 5 28 1 . 2 0. 2 22. 4 65 
A L 4 25 1 7 . 4 19 10. 8 2. 1 15. 2 62 

(a) L i q u o r f r o m H2S,04 t r e a t m e n t 
(b) L E - L e a c h i n g e f f i c i e n c y . 

5. 5 D i s c u s s i o n of D e c o m p o s i t i o n P r o c e d u r e s 

5. 5. 1 A l u n i t e - L i m e s tone R e a c t i o n 

Weight l o s s e s of the m i x t u r e s hea t ed at 500°C w e r e l e s s t h a n 
t h e o r e t i c a l and, in f ac t , a l l the hea t ed m i x t u r e s conta ined u n r e a c t e d c a l c i u m 
c a r b o n a t e . N e v e r t h e l e s s c o m p l e t e r e c o v e r y of p o t a s h was ach ieved f r o m 
the C a r r i c k a l i n g a a luni te but only 70 p e r cent f r o m the Yorke P e n i n s u l a 
s a m p l e s . Only 70 p e r cent of t he a l u m i n a was r e c o v e r e d by ac id l e a c h i n g 
the r e s i d u e s f r o m al l s a m p l e s . P r o b a b l y m o r e of the po ta sh could be 
r e c o v e r e d f r o m the Y o r k e P e n i n s u l a a luni te by h e a t i n g the m i x t u r e s at a 
h i g h e r t e m p e r a t u r e (600°C) but the r e c o v e r y of a l u m i n a would not be m u c h 
i m p r o v e d . 

T h i s t r e a t m e n t i s not c o n s i d e r e d to be a s e f f e c t i v e o r a s s i m p l e a s 
s o m e of the o t h e r m e t h o d s , but it migh t be of va lue if the p o t a s h had t o be 
r e m o v e d b e f o r e r e c o v e r i n g the a l u m i n a . 

5. 5. 2 . T h e r m a l D e c o m p o s i t i o n of Aluni te 

The r e c o v e r y of p o t a s h by w a t e r l e a c h i n g of a lun i te h e a t e d at 550 
t o 600°C was p o o r f o r a l l s a m p l e s , but s l igh t ly b e t t e r at the l o w e r t e m p e r a ^ 
t u r e . The p r o p o r t i o n of a l u m i n a r e c o v e r e d by ac id t r e a t m e n t of the l e a c h e d 
m a t e r i a l was a l s o l o w e r than expec ted . Sl ight ly l o w e r r e c o v e r i e s w e r e 
ach i eved at t he h i g h e r t e m p e r a t u r e , ind ica t ing tha t inso lub le compounds w e r e 
be ing f o r m e d by r e a c t i o n with gangue m a t e r i a l . B e c a u s e of the r e l a t i v e l y 
l a r g e a m o u n t s of p o t a s h r e m a i n i n g a f t e r w a t e r l each ing , t he s u l p h u r i c ac id 
so lu t ions con ta ined m o r e po ta sh than was o r ig ina l l y expec ted . Consequen t ly 
no advan tage is s e e n in the double t r e a t m e n t a s opposed to d i r e c t t r e a t m e n t 
of the igni ted a lun i te with s u l p h u r i c ac id , b e c a u s e the pot.ash"would:have t o 
be r e m o v e d in e i t h e r c a s e . 
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Direc t t r e a t m e n t of the hea ted a luni te with su lphur i c ac id was m o r e 
e f fec t ive than w a t e r l each ing fol lowed by acid t r e a t m e n t (Table 6). 
A p p r o x i m a t e l y 90 p e r cent of both the po tash and the a lumina w e r e r e c o v e r e d 
by th i s t r e a t m e n t , but again t h e r e was a s l ight r educ t ion in e f f i c i ency at the 
h ighe r t e m p e r a t u r e . This p r o c e d u r e is c o n s i d e r e d to be the m o s t e f f ec t ive 
of t hose inves t iga ted . The l i q u o r s obtained by su lphur i c ac id l each ing 
conta ined A1203 and KzO in the a p p r o x i m a t e p r o p o r t i o n by weight of 
4 A1203: 1 K 2 0 w h i c h . a g r e e s with the p r o p o r t i o n shown in the ana lys i s of 
Sample AL4. 

5 . 5 . 3 Reac t ion of Raw Alunite with Sulphur ic Acid 

Th i s method of t r e a t m e n t was not as s a t i s f a c t o r y a s t r e a t i n g the 
hea ted a luni te with su lphur i c ac id and was m o r e diff icul t t o apply. 

5 . 5 . 4 Reac t ion of Raw Alunite with P o t a s s i u m Hydroxide 

Th i s method could be of i n t e r e s t only if supp l i e s of p o t a s s i u m 
hydroxide w e r e ava i lab le at low cos t . The low r e c o v e r y of a l u m i n a . f r o m 
the w a t e r - l e a c h e d r e s i d u e could be p a r t l y due t o . l o s s of a l umin ium a s 
a lumina t e in the a lkal ine l each l iquor . B e t t e r s e p a r a t i o n of po tash and 
a lumina could be ach ieved by con t ro l l ing the pH of the aqueous l iquor to 
p r even t the f o r m a t i o n of a lumina te . The f ina l ac id l iquor would s t i l l be 
l ike ly to conta in s o m e p o t a s s i u m sulphate which would have to be r e m o v e d 
b e f o r e a lumin ium sulphate could be r e c o v e r e d . 

5 . 5 . 5 -Se lec t ion of Decompos i t ion P r o c e d u r e 

None of the p r o c e d u r e s d e s c r i b e d in Sect ion 5 ach ieved comple te 
s e p a r a t i o n of po tash and a lumina f r o m each o the r . Hence to p roduce p u r e 
a lumin ium su lpha te f u r t h e r s e p a r a t i o n would be r e q u i r e d , r e g a r d l e s s of the 
p r o c e d u r e adopted. The m o s t e f fec t ive p r o c e d u r e was tha t involving p r i o r 
hea t ing of a luni te followed by acid t r e a t m e n t and leach ing . By th i s m e a n s , 
a p p r o x i m a t e l y 90 p e r cent of the po tash and of the a lumina could be obtained 
in a solut ion f r o m which the p o t a s s i u m and a lumin ium su lpha tes could be 
r e c o v e r e d by subsequent t r e a t m e n t . 

6. RECOVERY O F POTASSIUM AND ALUMINIUM SULPHATES 
FROM LIQUOR 

In o r d e r to examine me thods of r e c o v e r i n g the po tash and the 
a lumina , s a m p l e s of l iquor w e r e p r e p a r e d by the p r e f e r r e d method of 
in i t i a l decompos i t ion . 

6 . 1 Heat T r e a t m e n t and Leach ing 

P o r t i o n s of .a luni te AL4, each weighing 200 g, w e r e hea ted at 
550°C fo r 4 h o u r s , then "su lpha ted" with su lphur i c acid , 100 g being r e q u i r e d 
to conver t the A1203 to A12(S04)3. 
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In two s e p a r a t e t e s t s , the ac id was added a s a 9Z p e r cent w / w 
so lu t ion and as a 50 p e r cent w / v so lu t ion r e s p e c t i v e l y . The 9Z p e r cent 
ac id r e a c t e d r a p i d l y with the ca l c ined a luni te and the m i x t u r e se t h a r d 
b e f o r e p r o p e r m i x i n g was ach ieved . With the l e s s c o n c e n t r a t e d ac id , the 
r e a c t i o n was s l o w e r , hence m o r e e f f ec t i ve m i x i n g was p o s s i b l e . 

A f t e r su lpha t ion , the so l ids w e r e l e a c h e d with 500 m l w a t e r on a 
bo i l ing w a t e r ba th unt i l so f t ened , then s t i r r e d at 50°C f o r 1 h o u r . The 
s l u r r y was f i l t e r e d and washed with w a t e r . S a m p l e s w e r e t a k e n f r o m the 
f i l t r a t e s w|jich w e r e then combined t o p rov ide l i quo r f o r r e c o v e r y t e s t s . 
R e s u l t s a r e 'shown in Tab le 9. 

T A B L E 9: HEAT T R E A T M E N T AND LEACHING 
Aluni te hea t ed at 550°C 
T i m e of hea t ing: 4 h o u r s 

Sample Aluni te L o s s on L e a c h e d L i q u o r (1600 ml) 
Weight Hea t ing R e s i d u e KzO AI2O 3 

No. g g g g/1 g/1 L E % 

AL 4 ZOO Z6 91 5,. 9 80 25. 1 81 
AL 4 • ZOO Z6 84 61 4 86 26 .0 85 

(a) L E - L e a c h i n g e f f i c i ency . 

6 .Z T r e a t m e n t of L i q u o r 

Two m e t h o d s w e r e c o n s i d e r e d . f o r r e c o v e r i n g the p o t a s h and the 
a l u m i n a viz : -

a . D i r e c t e v a p o r a t i o n in s t a g e s , r e c o v e r i n g 
p r o d u c t s which c r y s t a l l i s e d a f t e r e a c h s t a g e . 

b . N e u t r a l i z a t i o n of the l i quo r to p r e c i p i t a t e 
a l u m i n i u m hydrox ide l eav ing the p o t a s s i u m 
su lpha te in the l i quo r . 

6. Z. 1 ' D i r e c t E v a p o r a t i o n of L i q u o r 

One l i t r e of the combined l i quor was e v a p o r a t e d in s t a g e s and 
a l lowed to s t and at ambien t t e m p e r a t u r e overn igh t , b e t w e e n s t a g e s . Any 
c r y s t a l s which depos i t ed w e r e f i l t e r e d .on d r y p a p e r on a B u c h n e r f i l t e r and 
sucked d ry . The vo lume of the f i l t r a t e was r e c o r d e d at each s t a g e . E a c h 
ba tch of c r y s t a l s was given a r ap id wash with w a t e r which was then added t o 
t h e f i l t r a t e b e f o r e cont inuing the evapo ra t i on . The c r y s t a l s w e r e d r i e d at 
60°C, • weighed and a s s a y e d f o r K z O a n d A1203 . R e s u l t s a r e given in Tab l e 10. 



TABLE 10: RECOVERY OF SALTS BY EVAPORATION OF LIQUOR 
Ini t ia l l iquor : Volume 1000 m l 

K 2 0 6. 15 g / l 
A1203 25. 6 g/1 

C r y s t a l l i n e P r o d u c t s L iquor in E q u i l i b r i u m with Salt 

Weight KzO ^ A12Q3 A l 2 0 3 / K 2 0 ( b ) Volume K z O ( a ) AlzQ3(a) 
Weight R e c o v e r e d - Weight R e c o v e r e d g / l R e m a i n d e r g / l R e m a i n d e r 

g % % % % m l % % 

10 13. 5 22 14. 4 6 1. 07 750 6. 4 78 32. 3 94 
16 14. 6 38 15. 7 10 1. 08 560 4. 4 40 38. 7 84 
15 
4 l ( c ) 

12. 9 31 14. 3 8 1 .11 170 3. 1 9 115. 3 76 15 
4 l ( c ) 0. 67 5 15. 3 60 _ 75 3. 5 4 57. 3 16 

(a) By d i f f e r ence . 
(b) A1 2 0 3 /K 2 0 in p o t a s s i u m a lum = 1. 07. 
(c) F e 2 0 3 0.13% 
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6. 2. 2 P r e c i p i t a t i o n of Alumina 

Two p r o c e d u r e s w e r e c o n s i d e r e d : 

a . N e u t r a l i s i n g wi th c a l c i u m hydrox ide (Ca(OH)2) 
b. N e u t r a l i s i n g with a m m o n i u m hydrox ide (NH4OH) 

N e u t r a l i s i n g with C a l c i u m Hydrox ide . A p o r t i o n of the combined l i quor was 
t r e a t e d with a w a t e r s l u r r y of c o m m e r c i a l h y d r a t e d l i m e , " L i m i l " , t o r a i s e 
the pH to 5 . 0 . Al l the a l u m i n i u m was thus p r e c i p i t a t e d t o g e t h e r with gypsum. 
Mixed c r y s t a l s of p o t a s s i u m and c a l c i u m s u l p h a t e s w e r e obta ined f r o m the 
f i l t r a t e by e v a p o r a t i o n . 

The a l u m i n i u m hydrox ide conta in ing gypsum was d i s s o l v e d in 
su f f i c i en t s u l p h u r i c ac id t o r e d u c e the pH t o 2. 5. T h e r e was a p ronounced 
t endency f o r r e p r e c i p i t a t i o n of gypsum to o c c u r in th i s so lu t ion even a f t e r 
f i l t e r i n g . F u r t h e r c o n s i d e r a t i o n was d e f e r r e d in f a v o u r of the p r o c e d u r e 
u s i n g a m m o n i u m hydrox ide . 

N e u t r a l i s i n g with A m m o n i u m Hydrox ide . A l u m i n i u m was p r e c i p i t a t e d a s 
hydrox ide f r o m 1 l i t r e of the l i quo r by adding aqueous a m m o n i a un t i l t h e pH 
was 7 . 0 . The p r e c i p i t a t e was f i l t e r e d u n d e r suc t ion and washed by 
d i s p l a c e m e n t with w a t e r . By e v a p o r a t i n g the f i l t r a t e to d r y n e s s a m i x t u r e 
of a m m o n i u m and p o t a s s i u m s u l p h a t e s was obta ined. T h i s p roduc t conta ined 
a p p r o x i m a t e l y 10 p e r cent K 2 S0 4 . The a l u m i n i u m hydrox ide was d i s s o l v e d 
by adding H 2 S0 4 unt i l the pH r e m a i n e d s t e a d y at 3. 3. ~~ The r e s u l t i n g so lu t ion 
was e v a p o r a t e d to low vo lume to a l low a l u m i n i u m su lpha te to c r y s t a l l i z e . 
Al though the a l u m i n i u m hydrox ide d i s so lved comple t e ly , the amount of H 2 S0 4 
added was i n su f f i c i en t t o f o r m A12(S04)3 , consequen t ly s o m e " b a s i c " 
su lpha te was p r e s e n t in the p r o d u c t . The c r y s t a l s w e r e f i l t e r e d u n d e r 
suc t ion without wash ing , d r i ed at 110°C and weighed. A p a r t i a l a n a l y s i s of 
the d r i e d su lpha te i s given below: 

Weight of p roduc t d r i ed at 110°C : 75 g \ f 

Component % 

0 . 1 2 
0. 17 

44^2 j s 0 3 / A l 2 0 3 : 2. 28 

30. 0 

6 . 3 . D i s c u s s i o n of R e c o v e r y P r o c e d u r e s 

By d i r e c t e v a p o r a t i o n of the su lpha te l i quo r , a f a i r l y s h a r p 
s e p a r a t i o n was obta ined. The f i r s t p r o d u c t s c o n s i s t e d of p o t a s s i u m a l u m 
(A1 2 0 3 /K 2 0 - 1. 07) but 60 p e r cent of the a l u m i n i u m was r e c o v e r e d a s f a i r l y 
p u r e a l u m i n i u m su lpha te con ta in ing only 0. 67 p e r cent K2Of Doub t l e s s the 
p r o p o r t i o n of a l u m i n i u m r e c o v e r e d a s su lpha te could be i n c r e a s e d by r e t u r n -
ing the r e s i d u a l m o t h e r l i quo r t o the l e a c h i n g c i r c u i t . A p p r o x i m a t e l y 25 
p e r cent of the a l u m i n i u m was combined in the p o t a s s i u m a lum. 

Inso lub le 
F e 2 0 3 
AI2O3 

so3 
HZO above 100°C 
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Two p roduc t s w e r e obtained a l so by p rec ip i t a t i ng the a lumin ium 
as hydrox ide with aqueous a m m o n i a and then r e d i s s o l v i n g the p r e c i p i t a t e in 
su lphu r i c acid . The product obtained by evapora t ing the f i l t r a t e to d r y n e s s 
cons i s t ed ma in ly of a m m o n i u m sulphate conta ining a p p r o x i m a t e l y 10 p e r cent 
p o t a s s i u m su lpha te . The p a r t l y "bas i c " su lphate r e c o v e r e d by evapora t i ng 
the r e d i s s o l v e d hydroxide contained a p p r o x i m a t e l y 75 p e r cent of the 
a lumin ium in the l iquor , but th i s p r o p o r t i o n a l so could be i n c r e a s e d by 
r e c y c l i n g the m o t h e r l iquor . 

P r o b a b l y at l e a s t 75 p e r cent of the a lumin ium. in the l iquor could 
be r e c o v e r e d a s su lphate by e i t h e r p r o c e d u r e . The i m p u r i t y l eve l s in 
p roduc t s should come-wi th in t h e - l i m i t s quoted f o r o r d i n a r y g rade a lumin ium 
sulphate , , but i m p r o v e m e n t could poss ib ly be e f f ec t ed by r e c r y s t a l l i z a t i o n . 
The choice of p r o c e d u r e would depend on the na tu r e of p roduc t s r e q u i r e d . 
By d i r ec t evapora t ion , p o t a s s i u m a lum and a lumin ium sulphate could be 
r e c o v e r e d in f a i r l y p u r e f o r m while, by p r ec ip i t a t i ng the a lumin ium as 
hydroxide , mixed a m m o n i u m - p o t a s s i u m su lpha tes and a lumin ium su lpha te 
w o u l d ' r e s u l t . U n l e s s the p o t a s s i u m a lum could be sold as such, it would 
have to be t r e a t e d to s e p a r a t e the p o t a s s i u m and a lumin ium. In t h i s event , 
the a m m o n i u m hydroxide p r e c i p i t a t i o n rou te would a p p e a r to be m o r e 
a t t r a c t i v e but, again , . t h i s would depend on the p robab le demand f o r mixed 
a m m o n i u m - p o t a s s i u m su lpha tes to be used as a f e r t i l i z e r . 

7. CONCLUSION AND RECOMMENDATIONS 

Although the a luni te f r o m Yorke P e n i n s u l a i s of low g rade , about 
80-90 p e r cent of the p o t a s s i u m and a lumin ium could be r e c o v e r e d . The 
m o s t f avoured p r o c e d u r e involves hea t ing at 550°C followed by l each ing with 
su lphur i c acid to e f fec t solut ion of a lumin ium and p o t a s s i u m . Subsequent 
t r e a t m e n t of the l i q u o r would depend on the p roduc t s r e q u i r e d , e. g. , 

a. D i rec t evapora t ion to p roduce two m a i n p roduc t s : 

i. p o t a s s i u m a lum 
ii . a lumin ium sulphate 

The a lum could be t r e a t e d by p r o c e d u r e (b) if 
n e c e s s a r y . 

b. P r e c i p i t a t i o n of a lumin ium as hydroxide with 
aqueous a m m o n i a and s e p a r a t i o n by f i l t r a t i o n or 
a s i m i l a r t echnique . The p roduc t s would be: 

i. a m m o n i u m sulphate containing about 
10 p e r cent p o t a s s i u m sulphate 

i i . a l umin ium sulphate 

No a t t empt has been m a d e to d e t e r m i n e the cost of p roduc ing 
a lumin ium su lpha te and poss ib le b y - p r o d u c t s . Much would depend on the 
quant i ty and g rade of the a luni te ava i lab le , and the cost of min ing and hand-
l ing. However , if f u r t h e r c o n s i d e r a t i o n is to be given to the poss ib i l i t y of 
p roduc ing a lumin ium sulphate and o the r p roduc t s f r o m aluni te , the fol lowing 
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c o u r s e of ac t ion i s recommended ' . 

1. The extent of the deposi t in the Hundred of R a m s a y 
(or .of any o ther depos i t s which m a y be c o n s i d e r e d 
to have potent ia l value) should be ; d e t e r m i n e d . 

-T-he s u r v e y should be su f f i c i en t ly c o m p r e h e n s i v e to 
indica te the a p p r o x i m a t e quanti ty and g rade of the 
a luni te and the a p p r o x i m a t e cost of min ing and 

1 handling. 

2. If suf f ic ien t a luni te is ava i lab le and r e a d i l y 
a c c e s s i b l e , the deposi t (or depos i t s ) should be 
s a m p l e d to p rov ide m a t e r i a l f o r f u r t h e r deve lopment . 

' P r o b a b l y up to 20 tons of a luni te would be r e q u i r e d . 

3. Subject to the p r e c e d i n g s t a g e s be ing s a t i s f a c t o r i l y 
accompl i shed , a p i l o t - s c a l e evalua t ion should be 
m a d e of the r e c o m m e n d e d p r o c e d u r e r e f e r r e d to 
above. The e s t i m a t e d cost of th i s eva lua t ion is 
£ 5 , 0 0 0 . 
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