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1. INTRODUCTION 

This inves t iga t ion was c a r r i e d out as p a r t of a g e n e r a l inves t iga t ion 
m a d e by the Indus t r i a l C h e m i s t r y Sect ion f o r the r e c o v e r y of phospha te f r o m low 
g rade phosphat ic rock f r o m Kapunda . 1 

When it was found that the m a i n phosphate m i n e r a l was apa t i t e , the 
s p o n s o r r e q u e s t e d that the poss ib i l i t y of u s ing f lo ta t ion to m a k e a p r e l i m i n a r y 
concen t r a t i on of the apa t i t e should be examined . 

2. SUMMARY 

A s a m p l e of phosphat ic rock f r o m Kapunda in which the m a i n phos-
pha te m i n e r a l was apa t i t e , was sub j ec t ed to a s e r i e s of f lo ta t ion t e s t s with 
anionic and ca t ionic r e a g e n t s u n d e r v a r i o u s condi t ions . No s ign i f i can t c o n c e n t r a -
t ion of apa t i t e was obtained. 

3. MATERIAL EXAMINED 

The s a m p l e used f o r the inves t iga t ion was one of a su i t e of s a m p l e s 
suppl ied by the D e p a r t m e n t of Mines , Adela ide . The s a m p l e was l abe l led : 

A v e r a g e Grade Bulk (1 and 2) P h o s p h a t e , Sec. 105 Hd. 
Mooro roo , 

and had the fol lowing a s s a y : ' 

I r on as F e 2 ° 3 ~Z0~9 
P h o s p h o r u s as P 2 O s 21 .2 

4. EQUIPMENT 

The m a j o r equipment u s e d included: 

1. .10 x 6 - i n c h c r u s h i n g r o l l s . 
2. L a b o r a t o r y s t a i n l e s s s t e e l rod mi l l 10 inch long, l l / z inch 

ins ide d i a m e t e r with 10, 1 - i n c h d i a m e t e r r o d s . 
3. L a b o r a t o r y F a g e r g r e n f lo ta t ion ce l l (500 g capaci ty) 
4. BSS s c r e e n s 

5. ANCILLARY MATERIALS 

Anionic and ca t ionic f lo ta t ion r e a g e n t s w e r e used in the t e s t s . 

1. R e p o r t AMDL-205 " P h o s p h a t e Depos i t s Kapunda, P r o d u c t i o n of P h o s p h o r i c 
Acid" , by F . J . Moyle. 
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5. 1 Anionic Reagen ts 

Two d i f f e ren t emul s ions w e r e t e s t e d and t h e i r compos i t ion was 
as fo l lows: 

1. Ta l l oil A. 1. . .,,../• 19 
Fue l oil?, - " • • 75 -
Naphthenic acid2 4 
NonionPlOO 3 2 

(octylphenol oxyethylene 
condensate) 

2. L inseed fa t ty ac ids 4 "' 20 
Sulphonated whale oil3 1 2 
Fue l oil2 64 
C r e s y l i c acid 5 - 4 

5. 2 Cat ionic Reagent 

A r m a c 16 (hexadecyl a m i n e a c e t a t e , p roduced by A r m o u r 
C h e m i c a l Divis ion , Chicago) was used with A e r o f r o t h 65 (produced by A m e r i c a n 
Cyanamid Co. , New York) as a f r o t h e r . 

6. E X P E R I M E N T A L PROCEDURE RESULTS AND DISCUSSIONS 

6. 1 Gr ind ing 

The o r e was c r u s h e d in a s e t of r o l l s to minus 1 0 - m e s h . This 
m a t e r i a l was then thoroughly mixed and 500 g s a m p l e s w e r e r i f f l ed out f o r 
gr inding . Gr ind ing was done in a s t a i n l e s s s t e e l rod m i l l and with a pulp 
conta in ing 60 p e r cent so l ids by weight . 

A s c r e e n ana ly s i s of the s a m p l e a f t e r c r u s h i n g and d i s t r i bu t ion of 
P 2 O s in f r a c t i o n s a r e shown in Tab le 1. S c r e e n a n a l y s e s of ground p roduc t s 
a r e given in Tab le 2. 

i R e a g e n t s w e r e suppl ied by: 

1. A . C . H a t r i c k P t y . Ltd . , T o r r e n s v i l l e , S. A. 
Ta l l oil A. 1. is a Swedish Crude Ta l l oil conta ining 
43 p e r cent r e s i n a c i d s . 

2. Shell C h e m i c a l Company, Adela ide . 

3. Ga rd ino l C h e m i c a l Co. (A'Asia) P ty . L t d . , Enf ie ld , S. A. 
Sulphonated whale oil is m a r k e t e d unde r the 
t r a d e n a m e : " P e l t o g e n " . 

4. Meggi t t Ltd. , P o r t Adela ide 

5. Union C a r b i d e Aus t . Ltd . , Adela ide 



T A B L E 1: SCREEN ANALYSIS O F CRUSHED MATERIAL 

M e s h 
BSS 

Weight 
% p 2 O 5 % 

Dis t r ibu t ion of P 2 0 5 % 

+ 100 9. 9 26. 5 13. 0 
- 100 + 150 19 .2 21. 5 20. 9 
- 50 + .200 7 . 8 17. 7 7. 0 
- 200 63. 1 18. 3 59. 1 

Feed (calc) 100. 0 19. 7 100. 0 

TABLE 2: SCREEN ANALYSES OF GROUND PRODUCTS 

Mesh G r i n d i n g T i m e ( m i n u t e s ) 
BSS 5 15 25 40 

Wt. % Wt. % Wt. % Wt. % 

+ 52 0 . 3 
- 52 + 72 2 . 4 - - -

- 72 + 100 7 . 2 0. 3 0 . 1 _ 
- 1 0 0 + 150 19 .2 1 .6 0. 2 _ 
- 150 + 200 7. 8 1 . 8 : 0 . 1 _ 
- 2 0 0 63. 1 96. 3 99. 6 100. 0 

6. 2 Anionic F lo ta t ion 

Excep t w h e r e o t h e r w i s e noted, the fol lowing condi t ions appl ied in a l l 
t e s t s with anionic e m u l s i o n s : 

T e m p e r a t u r e 
PH 
Pu lp dens i ty 
Condit ioning 
Rougher f lo ta t ion t i m e . 

25°C 
8 
17 p e r cent so l ids 
in rod m i l l 
10 minu te s 

Adela ide tap w a t e r was used in al l t e s t s . Sorb i t an m o n o - o l e a t e was 
u s e d when n e c e s s a r y to con t ro l f ro th ing . 

A s e r i e s of t e s t s was conducted to d e t e r m i n e the e f fec t of r e a g e n t 
amount , p a r t i c l e s i z e , pH and mul t ip l e c leaning . 
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6 . 2 . 1 E f f ec t of Reagent Amount 

T e s t s w e r e conducted to d e t e r m i n e the e f fec t of quanti ty of r e agen t 
used . Feed was ground to 63. 1 p e r cent minus 2 0 0 - m e s h . Condit ions and 
r e s u l t s a r e shown in Tab le 3. 

TABLE 3: ANIONIC FLOTATION: E F F E C T O F REAGENT AMOUNT 

C o n c e n t r a t e 
Reagent Type Reagent Feed Weight A s s a y Dis t r ibu t ion of 

l b / t o n p 2 o 5 p 2 o 5 p 2 o 5 
% (calc) % % % 

Linseed fa t ty acid 6. 25 20 .9 55. 7 24. 7 6 5 . 5 
- d i t to - 12. 5 20 . 8 66 .4 24. 3 77. 5 

The r e s u l t s show that the r eagen t is l a r g e l y n o n - s e l e c t i v e . 
I n c r e a s i n g the amount i m p r o v e s r e c o v e r y but the p e r cent weight f loated in- - -
c r e a s e s p ropo r t i ona t e ly . , 

6 . 2 . 2 E f f ec t of P a r t i c l e Size 1" 

The e f fec t of g r ind ing was examined in 2 t e s t s , in which 12. 5 lb 
of l i n seed fa t ty ac id emul s ion w e r e used p e r ton of feed ground to 63. 1 and 
99. 6 p e r cent minus 2 0 0 - m e s h . 

Condit ions and r e s u l t s a r e shown in Tab le 4. 

T A B L E 4: ANIONIC FLOTATION: E F F E C T O F P A R T I C L E SIZE 

C o n c e n t r a t e 
Minus 2 0 0 - M e s h Reagent Feed Weight A s s a y Di s t r i bu t ion of 

l b / t o n P 2 ° 5 p 2 o 5 p 2 o 5 

% (calc) % % % 

63. 1 .12 .5 20. 8 66 .4 24. 3 7 7 . 5 
99 .6 ; 12. 5 21. 0 29. 9 

• f c -

23. 5 47. 0 

The r e s u l t s ind ica te that f lo ta t ion is unse l ec t i ve at both c o a r s e 
and f i n e r p a r t i c l e s i z e s . 



6 . 2 . 3 Ef fec t of pH 

E i d s m o and Mel lg ren (I960) r epo r t ed that f lotat ion of apat i te with ta l l 
oil at pH 9 .0 - 10.0 was s u c c e s s f u l . 

A t e s t was conducted us ing 16.7 lb of the ta l l oil emuls ion p e r ton of 
feed at pH 9-8 . To obtain the d e s i r e d pH of 9 - 8 sodium hydroxide was used 
(2. 5 lb / ton) . A s i m i l a r t e s t was made at pH 8 .0 (ie. , without addit ion of sod ium 
hydroxide) for compar i son . 

Conditions and r e s u l t s of t e s t s a r e shown in Table 5. 

TABLE 5: ANIONIC FLOTATION: E F F E C T OF pH 

pH Reagent 
l b / t on 

9 . 8 16.7 21 .0 62 .2 23 .6 69-6 
8.0 16.7 21.1 5 7 . 3 24.0 65 .0 

Tes t r e s u l t s show no s igni f icant improvemen t at the h igher pH. 

6 . 2 . 4 Ef fec t of Mult iple Cleaning 

An a t tempt was made to improve the g rade of apa t i te by r ec l ean ing 
without f u r t h e r reagent addit ion. Flota t ion t i m e s were : ! 

_Mi_nutes_ 

Roughing 10 
Cleaning 4 
Recleaning 2 

Resu l t s a r e shown in Table 6. 

_ C o n c e n t_r a t e 
Feed Weight A s s a y Dis t r ibu t ion of 
p2o5 p2o5 p2o5 

% (calc ) % % % 



TABLE 6: ANIONIC FLOTATION: E F F E C T OF 
M U L T I P L E CLEANING 

Dis t r i bu t ion 
of P 2 O s 

% 

63. 1 % minus R e c l e a n e r c o n c e n t r a t e 18. 2 26. 7 23. 0 
2 0 0 - m e s h R e c l e a n e r ta i l ing 21. 7 24. 0 24. 0 

L inseed fa t ty ac id C l e a n e r t a i l ing 19. 4 20. 2 19. 4 
m i x t u r e 12. 5 l b / t o n Rougher ta i l ing 40. 7 17. 3 33. 6 

T e s t Conditions' F r a c t i o n s Weight A s s a y 
: . , . . . . . ,. • P 2O 5 

% % 

F e e d 100.0 21 .0 100.0 

100 % minus 2 0 0 - m e s h R e c l e a n e r c o n c e n t r a t e 26 .7 

L inseed fa t ty acid R e c l e a n e r tai l ing) 
m i x t u r e 16 .7 l b / t o n C l e a n e r ta i l ing) 

Rougher t a i l ing 

F e e d 

26. 7 26. 6 33. 6 

30. 6 21. 7 31. 4 

42. 7 17. 3 35. 0 

100. 0 21. 1 100. 0 

T e s t r e s u l t s show that any i n c r e a s e of g r a d e would c o n s i d e r a b l y 
r e d u c e r e c o v e r i e s . 

6 . 3 Cat ionic F lo ta t ion . 

The f lo ta t ion t e s t s w e r e conducted by us ing A r m a c 16 on u n d e s l i m e d 
(Tes t 1) and on d e s l i m e d m a t e r i a l , (Tes t 2). The s a m p l e s w e r e ground to 
63. 1 p e r cent m inus 2 0 0 - m e s h . 

The d e s l i m i n g was done by decan ta t ion . The ground pulp was 
ag i ta ted in a bucket and al lowed to s e t t l e f o r 8 m i n u t e s . Th i s was r e p e a t e d 3 
t i m e s . To p r e v e n t f loccu la t ion sod ium s i l i c a t e and sod ium hydrox ide in equal 
amoun t s (10 lb of each p e r ton) w e r e added to the pulp. The s l i m e f r a c t i o n 
had a s i z ing of minus 2 m i c r o n s (nominal , b a s e d on the s p e c i f i c g rav i ty of quar tz ) . 
The c o a r s e f r a c t i o n was washed 3 t i m e s b e f o r e f lo ta t ion. 

A r m a c 16 was added s t a g e w i s e to the f lo ta t ion ce l l and A e r o f r o t h 65 
was used a s n e c e s s a r y to i m p r o v e f r o t h condi t ions . 

T e s t condi t ions w e r e : 

Condit ioning t i m e (in cell) : 1 minu te 
Reagent addi t ion ( A r m a c 16) : 

C o n c e n t r a t e 1 0 . 5 l b / t o n 
C o n c e n t r a t e 2 1 . 0 " 

F lo ta t ion t i m e : 
C o n c e n t r a t e 1 6 minu t e s 
C o n c e n t r a t e 2 6 " 

R e s u l t s a r e shown in Tab le 7. 



TABLE 7: RESULTS OF CATIONIC FLOTATION 

T e s t 
No. 

P r o d u c t Weight 
% 

A s s a y 
p 2 o 5 % 

Dis t r ibu t ion of 
p 2 O 5 % 

1 C o n c e n t r a t e 1 11 .7 . 21. 4 11.9 
C o n c e n t r a t e 2 11 .7 20. 5 11 .5 
Ta i l ing 76. 6 21. 0 76 .6 

Feed (calc) 100. 0 20. 9 100. 0 

2 S l ime 20. 2 21. 3 20. 9 
C o n c e n t r a t e 1 10. 8 16. 4 8. 6 
C o n c e n t r a t e 2 7 . 0 . 14. 2 4. 8 
Ta i l ing 62. 0 21. 8 65. 7 

F e e d (calc) 100. 0 20. 6 100.0 

R e s u l t s showed no s ign i f i can t concen t r a t ion . 

7. CONCLUSION 

The r e s u l t s show that only a s l igh t ly en r i ched apa t i t e can be p r o -
duced by f lo ta t ion . 

8. R E F E R E N C E S 

EIDSMO, O. , and MELLGREN, O. , "Some f a c t o r s which inf luence i lmen i t e 
f lo ta t ion at T i t an ia A / D . , Norway" . In t e rna t iona l M i n e r a l 
P r o c e s s i n g C o n g r e s s , I960 (The Ins t i tu te of Mining and Me ta l l u rgy , 
London, I960). 
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