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HEAVY SANDS INVESTIGATION. 

THE RECOVERY OF MONAZITE. 
RUTILE AND ZIRCON FROM MOANA BEACH SAND. 

by. 

B.E. Ashton. 
C.R. Sandman* 

and 
L . J . Weir, 

- A b s t r a c t -

A c o n c e n t r a t e of heavy minera l s was made from 
the beach sand depos i t a t Moana, South A u s t r a l i a . 
This c o n c e n t r a t e was t r e a t e d by magnetic and 
e l e c t r o s t a t i c methods to r ecove r monazi te , r u t i l e 
and z i r c o n . The va luab l e minera l product was in 
each case below marke tab le g rade . The o r i g i n a l 
sand con ta ined 0 . 9 pe rcen t r u t i l e , l .U p e r c e n t 
z i rcon and 0 . 1 pe rcen t monaz i te . The r e c o v e r i e s 
were 51, 1+3 and 65 pe rcen t r e s p e c t i v e l y . 

1 . SUMMARY. 

The minera l s monaz i te , r u t i l e and z i r con occur in a beach 

sand depos i t a t Moana, 23 miles, south of Ade la ide . Labora to ry 

t e s t s to e x t r a c t s a l e a b l e c o n c e n t r a t e s of t h e s e t h r e e mine ra l s 

have been made. Since monazi te c o n t a i n s the s t r a t e g i c r a d i o a c t i v e 

element thor ium, g r e a t e r emphasis was placed on the r ecove ry 

of monazite than of t h e o t h e r two m i n e r a l s . 

The t r ea tment adopted cons i s t ed of t h r e e bas ic forms of 

minera l s e p a r a t i o n . 

1 . Grav i ty s e p a r a t i o n . 

2. Magnetic S e p a r a t i o n . 

3 . E l e c t r o s t a t i c Separa t iono 

Tes t s were' conducted in a manner approximat ing t o 

p l a n t p r a c t i c e . 

C O N F I D E N T I A L o 
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The r e c o v e r i e s of monazite r u t i l e and zircon were 67, 
51 and K3 pe rcen t r e s p e c t i v e l y . Because over lapp ing c h a r a c t e r -

i s t i c s of the t h r ee impor tant minera ls prevented clean s e p a r a t i o n 

c o n c e n t r a t e s of market s p e c i f i c a t i o n s were not produced. 

2, INTRODUCTION. 

Concen t r a t i ons of heavy mine ra l s a r e known to occur 

a t va r ious p o i n t s a long the South A u s t r a l i a n c o a s t . The 

va luab l e minera l c o n s t i t u e n t s of t h e s e beach sand d e p o s i t s a r e 

r u t i l e , z i rcon ^nd monazi te . Many o t h e r heavy minera l s occur 

a s s o c i a t e d wi th them, and c o n s i s t mainly of misce l l aneous 

heavy s i l i c a t e and i ron oxide m i n e r a l s . 

Various accepted t r ea tment methods are used t o e f f e c t 

a s e p a r a t i o n of r u t i l e , z i rcon and monazi te , but t h e e f f i c i e n c y 

of s epa ra t i on i s dependant on the c h a r a c t e r i s t i c s of the 

mine ra l s p r e s e n t which, f o r d i f f e r e n t d e p o s i t s , a r e not 

n e c e s s a r i l y c o n s t a n t . Hence a t r ea tmen t method designed f o r 

one beach sand depos i t may not be s u i t a b l e f o r ano the r depos i t 

even though the sands con ta in the same economic m i n e r a l s . 

3 . MATERIAL EXAMINED. 

The beach sand used f o r t h i s i n v e s t i g a t i o n was obta ined 

from the sand dunes a t Moana. The sample was c o l l e c t e d j i n 

c o l l a b o r a t i o n wi th Mr* A. Black, c o n s u l t a n t to South 

A u s t r a l i a n R u t i l e Limited-. I t was approximately f i v e tons in 

weight and was cons idered to be r e p r e s e n t a t i v e of the whole 

dune a r e a , exc lud ing the h igher grade beach d e p o s i t . 

The m a t e r i a l was used s i n c e i t was t h e only bulk 

heavy mine ra l beach sand sample r e a d i l y a v a i l a b l e f o r l a ? g e 

s c a l e i n v e s t i g a t i o n of the recovery of thorium bear ing and 

o t h e r v a l u a b l e m i n e r a l s , i. 

C O N F I D E N T I A L . 
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EQUIPMENT USED. 
: / 

The f o l l o w i n g equipment was used in t h e i n v c s t i g a t i o n i 

( a ) 

(b) 

( c ) 

• (d) 

(e) 

5* PROCEDURE, 

5ol I n i t i a l Gravi ty Concen t r a t i on . 

For t h i s work a 5 turn Humphrey s p i r a l un i t was used ' 

t o produce a c o n c e n t r a t e c o n t a i n i n g a l l of- the v a l u a b l e heavy 

m i n e r a l s . Due to the wide range of minera l s p e c i f i c g r a v i t i e s 

i t was found necessary to adopt m u l t i - s t a g e t r ea tmen t of the 

va r ious t a i l i n g and middl ing f r a c t i o n s * 

The method f i n a l l y adopted i s shown in Flowsheet 

There was i n s u f f i c i e n t sample a v a i l a b l e to ca r ry out t h i s 

g r a v i t y concen t r a t i on s t a g e in c y c l i c f a s h i o n . 

P r i o r to g r a v i t y c o n c e n t r a t i o n i t was found necessa ry 

t o screen the bulk sample on a 20 mesh screen to remove 

ext raneous m a t t e r . The o v e r s i z e f r a c t i o n which r ep re sen t ed 

l e s s than 0*5 percen t by weight of t h e t o t a l sample c o n s i s t e d 

mainly of o rgan ic m a t t e r , l a r g e pebbles and s h e l l f r a g m e n t s . 

5 . 2 Product ion of va luab le ' minera l c o n c e n t r a t e s . 

For t h i s s t a g e t h e dr ied g r a v i t y c o n c e n t r a t e was 

used- as f eed m a t e r i a l . P rev ious exper i ence with beach sand 

m a t e r i a l of t h i s type had shown t h a t a complex method of 

t r e a tmen t was r e q u i r e d , i nvo lv ing g r a v i t y , magnetic, and h igh 

t ens ion forms of e l e c t r o s t a t i c s e p a r a t i o n . Since in such 

'a method a p p r e c i a b l e amounts of m a t e r i a l r e p o r t in the 

C O N F I D E N T I A L„ 

Humphrey S p i r a l (5 t u r n ) . 
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i n t e r m e d i a t e f r a c t i o n s , t he i n v e s t i g a t i o n w a s . c a r r i e d out 

in c y c l i c manner. The aim of a c y c l i c t e s t i s t o al low t h e 

i n t e r m e d i a t e f r a c t i o n s to r e a c h e q u i l i b r i u m wi th regard t o 

both weight and composit ion i . e . , v;h_en the weighty and_ 

composition of each o.f t h e s e f r a c t i o n s becomes c o n s t a n t . The 

c y c l i c t e s t was c a r r i e d out as f o l l o w s : - t he g r a v i t y c o n c e n t r a t 

was d iv ided i n t o s ix equal p o r t i o n s each forming the. b a s i s 

of a c y c l e . One of these p o r t i o n s was then t r e a t e d in t h e 

manner shown in Flowsheet 2 as the f i r s t cycle ,_ 

This f lowshee t produces a number of f i n a l p r o d u c t s 

both v a l u a b l e and r e j e c t in n a t u r e and a l s o o t h e r products_which 

have been cons idered as i n t e r m e d i a t e o r "middl ing" f r a c t i o n s . 

These middl ing p r o d u c t s were r e t u r n e d t o the next cyc l e in t h e 

p o s i t i o n s cons idered most a p p r o p r i a t e . This procedure was 

r e p e a t e d u n t i l t he s i x c y c l e s had been completed. 

6 , OPERATIONS CONDITIONS and RESULTS. 

6.1- Opera t ing C o n d i t i o n s . 

6 . 1 , 1 S p i r a l C o n c e n t r a t i o n . 

The o p e r a t i n g c o n d i t i o n s f o r the v a r i o u s s t ages of 

s p i r a l c o n c e n t r a t i o n a r e shown in Table 1 . 

TABLE 1 . 

Humphrey S p i r a l Ope ra t ing Cond i t i ons , . 

Feed r a t e . 
Feed pulp d e n s i t y . 
Concen t ra te pu lp d e n s i t y , 
Wash water f low r a t e . 

0 . 7 t o n s ' o f dry s o l i d s / h o u r , 
23 pe rcen t s o l i d s , 
50 11 "" " 
ljlj.0 g a l l o n s / h o u r . 

C 0 N' F I- D E N T I A L . 
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6 . 1 , 2 E l e c t r o s t a t i c S e p a r a t i o n . 

The c o n d i t i o n s f o r each s t a g e of h igh t ens ion 

s e p a r a t i o n a re given in Table 2. 

TABLE 2 . 

High Tension Sepa ra to r Opera t ing C o n d i t i o n s . 

Feed r a t e . 
R o l l " p e r i p h e r a l speed. 
P o t e n t i a l . 

P o l a r i t y . 

Feed t empera tu re . 

25 l b s / i n c h " w id th /hou r . 
370 f e e t / m i n u t e . 
20-30 k i l o v o l t s depending on n a t u r e 

of f e e d . 
R o t a t i n g r o l l e a r t h e d . 
High t ens ion e l e c t r o d e n e g a t i v e . 
300 F. 

6 . 1 . 3 Magnetic S e p a r a t i o n . 

The o p e r a t i n g c o n d i t i o n s f o r each s t a g e of magnetic 

s e p a r a t i o n a re given in Table 3 . 

TABLE 3. .. .. 

Magnetic Sepa ra to r Opera t ing C o n d i t i o n s . 

Feed r a t e . 
Ro l l p e r i p h e r a l speed, 
Co i l c u r r e n t . 

30 lbs/ inch" 'width/hour_. 
120 f e e t / m i n u t e . 
0 . 5 - 1 .5 amps depending on 

n a t u r e of f e e d . 

6 . 1 , 4 Tabic Concent ra t ion* 

The c o n d i t i o n s under which t h e W i l f l e y t a b l e was 

opera ted f o r the v a r i o u s t a b l i n g s t a g e s a r e given in Table k» 

TABLE Lu -• 
W i l f l e y Table Opera t ing Conditions. 

Feed r a t e . 
Table speed. 
Table s t r o k e l e n g t h . 
Water f eed r a t e . 

70 l b s of d ry s o l i d / h o u r . 
250 s t rokes /minu te , . . 
0 . 5 i n c h e s . 
80 g a l l o n s / h o u r . 

C O H F I D E N Tvl A L. 
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6 ,2 R e s u l t s . 
s 

6 , 2 . 1 R e s u l t s of I n i t i a l Gravi ty C o n c e n t r a t i o n . 
» 

The pe rcen tage weight of each f r a c t i o n produced dur ing 

the g r a v i t y c o n c e n t r a t i o n s t age i s shown in Flowsheet 1 . 

Since r u t i l e has the lowest s p e c i f i c g r a v i t y of t h e 

t h r e e v a l u a b l e minera l s p r e s e n t in the sand (monazi te , z i r con 

and r u t i l e ) t h e f i n a l s p i r a l p r o d u c t s , c o n s i s t i n g of c o n c e n t r a t e 

middl ing and t a i l i n g f r a c t i o n s , were assayed c h e m i c a l l l y f o r 

Ti02» This served as a measure of g r a v i t y c o n c e n t r a t i o n 

e f f i c i e n c y . 
o. 

The weight pe r cen t age and T i 0 2 con ten t of each of t h e 

* f i n a l s p i r a l f r a c t i o n s a re given in Table 5 , 

TABLE 5. 

Resu l t s of Humphrey S p i r a l Grav i ty C o n c e n t r a t e . 

F r a c t i o n . 
Percen t 
Weight of 
O r i g i n a l 
Feed. 

TiOp 
P e r c e n t , 

D i s t r i b , 
of TiOp 
Perc e n f , 

E. Conccntra tce 
Middl ing. 
T a i l i n g . 

19 . H 
27«2 
53OB 

1 0 . 1 
1 .18 
0.27 

81 .3 
,12.9 

5 .8 

FEED. 100.0 20B 100.0 

The m i n e r a l o g i c a l composi t ions of the above t h r e e f i n a l 
M 

f r a c t i o n s were determined and a re shown in Table 6, 
• «s 

' 6 
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TABLE 6. 

Mine ra log l ca l Composition of Humphrey S p i r a l - F r a c t i o n s . 

F r a c t i o n , Feed, Concen t r a t e . Middl ing. T a i l i n g . 
Percen t Weight of 

S p i r a l Feed. 100.0 "19.4 27.2 53 .4 

Percen t Weight o f : 
Haemat i te , 8 . 7 ( 14 .4 ) 8 .6 3 .0 
L imoni te . I 8 . 1 ) 
I l m e n i t e . ( 1 .6} 
Magne t i t e . 

( 2 . 2 ) f 0 . 8 ) Tota l r u t i l e . • ( 2 . 2 ) ( 10 .6 ) ( 0 , 3 ) ( t r a c e ) 
Non-opaque. 0 . 9 4 .5 Oi l i» 
F e r r u g i n o u s . 1 , 3 6 . 3 0 . 2 mm 

Si rcon . l . fc 6 . 8 ' 0*4 t r a c e 
Monazite. 0 . 1 0 . 7 t r a c e ii 
Miscel laneous Heavy 

0 . 7 
S i l i c a t e s . 11 .6 43 .2 7 . 3 2 .4 Quar tz , F e l s p a r . 76.0 13 .6 83. 4 94.6 

100.0 100.0 100.0 100.0 

The r e s u l t s shown in Tables 5 and 6 i n d i c a t e t ha t a good 

recovery of t h e va luab le c o n s t i t u e n t s , monazite r u t i l e and z i r con? 

was achieved in the g r a v i t y c o n c e n t r a t e . Although the middl ing 

f r a c t i o n r e p r e s e n t e d a c o n s i d e r a b l e pe rcen tage weight of the 

o r i g i n a l s p i r a l f e e d , the v a l u a b l e minera l content was low 

sugges t i ng tha t t h i s f r a c t i o n could be cons idered as a t a i l i n g . 

6 . 2 . 2 Resu l t s of Produc t ion of Valuable Mineral C o n c e n t r a t e s . 

As was s t a t e d in s e c t i o n 5 .2 a s i x cyc le l ocked -ba t ch 

t e s t was c a r r i e d out based on Flowsheet 2 . 

The pe rcen tage weight of each of the. f i n a l p r o d u c t s 

from the l a s t cyc le i s shown in Table 7. The f i n a l f r a c t i o n s 

a re expressed as a pe rcen tage of f e e d to t h e g r a v i t y c o n c e n t r a t i o n 

s e c t i o n s . 

C 0 N F I D S E T I A L . 
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TABLE 7, 

Pe rcen tage Weight of F i n a l P roduc t s 
Based on Feed to Grav i ty Concent rati- io'n S e c t i o n . 

P roduc t , • 
( I d e n t i f i c a t i o n as per Flowsheet 2 ) , 

Pe rcen t Weight. 

17 
18 (Zircon c o n c e n t r a t e ) , 
22 
23 (Monazite c o n c e n t r a t e ) . 
2U 
3b 
kO ( R u t i l e c o n c e n t r a t e ) . 

3 . 5 3 
0 . 6 1 
7-70 
0 . 3 3 
0 .22 
4 .37 
0 , 5 1 

Grav i ty Concen t ra te e q u i v a l e n t . 17 .27 

The summation of the f i n a l p roduc t s gives 17.27 percen t 

but f o r e q u i l i b r i u m to be e s t a b l i s h e d t h i s f i g u r e should be 

19.J+0 p e r c e n t . This i n d i c a t e s tha t a l l the new feed was r e p o r t i n g 

in the f i n a l p r o d u c t s , and e q u i l i b r i u m c o n d i t i o n s were not q u i t e 

a t t a i n e d . This d i f f e r e n c e i s d iscussed l a t e r in Sect ion 7. 

These f i n a l p roduc t s were sub j ec t ed to m i n e r a l o g i c a l 

examination and in a d d i t i o n , t he t h r e e c o n c e n t r a t e p roduc t s were 

assayed chemica l ly . 

The r e s u l t s of t h e m i n e r a l o g i c a l and chemical ana lyses 

a re given in Tables 8 and 9 r e s p e c t i v e l y . 

C O N F I D E N T I A L . 
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TABLE 8, 

Mipera log ica l Composition of P i n a l P r o d u c t s . 

Components Product Number s . 
Percent . Weight. 

17. ' 18. 22. 23. 24. 34 . 40. 

Haemat i te . 0 . 2 3 .0 9 . 1 61.5 57 .3 2 . 1 

Limoni te . 0 . 2 - 14,2 t r . 8 .5 17 .9 0 . 9 

I l m e n i t e . t r . - t r . 1 . 1 3 . 1 6 .6 -

Magnet i te . 0 . 2 - . 0 . 8 t r . 2 .2 1 . 1 t r . 

To ta l R u t i l e . ( t r . ) ( 0 . 9 ) ( 3 . 8 ) (10 .1 ) ( 3 . 9 ) ( 2 . 9 ) (89 .7 ) 
No n-opaque. t r . 9 .0 1 .0 5 .2 1 . 0 - 79.8 

F e r r u g i n o u s . - - 2 .8 4 . 9 2 .9 2 . 9 9 .9 
Z i rcon . t r . 86. 4 -

- r 
12 .3 1 . 1 - 2.6 

Monazite . t r . 3 . 9 - 25.2 2 .2 _ _ 

Miscel laneous 
Heavy S i l i c a t e . 9 . 3 0 . 7 78 .2 42.2 17.5 13 .5 4 . 7 

Quar t z , f e l s p a r . 90 .1 - - - 0 . 7 — 

100.0 100.0 100,0 100.0 100.0 

TABLE 9. 
-

Chemical Analys es of Valuable Concen t r a t e 
P r o d u c t s . 

P roduc t . T i0 2 ZrOp FeP 
P e r c e n t . P e r c e n t . Per 

To ta l 
0 3 Rare 
c e n t . Ea r th s 

P e r c e n t . 

Th02 
P e r c e n t . 

18-Zirooa conc. 
23-Monazite " 
4 0 - R u t i l e " 

7 .5 
N.D. 

86.2 

60./+ 
N. D. 
2 . 7 

N 
N 
4 

.D. N.D. 

.D. 11 ,7 
. 5 N. D. 

N. 
0. 
N. 

D. 
95 
D. 

N.D. denotes - not de te rmined . 

The es t imated r e c o v e r i e s of r u t i l e , z i r con and monazite 

given below a r e based on t h e pe rcen tage weight and the mine ra log -

i c a l a n a l y s i s of each of the t h r e e va luab l e c o n c e n t r a t e p roduc t s 
% 

(phown in Tables 7 and 8 r e s p e c t i v e l y ) , 

C O N F I D E N T I A L . 
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R u t i l e ; 

The r u t i l e c o n c e n t r a t e r ep re sen ted 0 . 5 1 pe rcen t 

weight of the o r i g i n a l s p i r a l feed and contained 89.7 pe r cen t 

t o t a l r u t i l e . However, s i n c e the i ron con ten t of' f e r r u g i n o u s 

r u t i l e makes i t u n s a l e a b l e , only the non-opaque r u t i l e i s of any 

v a l u e . The r u t i l e recovery i s t h e r e f o r e based only on the 

recovery of non-opaque r u t i l e . There fo re the grade of t h e 

r u t i l e c o n c e n t r a t e should be cons idered as 79 .8 pe rcen t and not 

89.7 p e r c e n t . The p resence of t h i s f e r r u g i n o u s m a t e r i a l would 

s e r i o u s l y a f f e c t the market va lue of the c o n c e n t r a t e . 

Using the lower f i g u r e in con junc t ion wi th t h e non-

opaque r u t i l e conten t of the s p i r a l f e e d , the recovery of non-

opaque r u t i l e i s 45 p e r c e n t . 

Z i r con : 

The z i r coo c o n c e n t r a t e r e p r e s e n t e d 0 . 6 1 p e r c e n t weight 

of the o r i g i n a l s p i r a l feed and contal ned 86.4 p e r c e n t z i r c o n , 

equ iva l en t to a recovery of 38 pe rcen t of the z i r con in t h e 

o r i g i n a l f e e d , 

Monazite: 

Of the o r i g i n a l s p i r a l feed 0 . 3 3 pe rcen t weight was 

recovered as a monazite c o n c e n t r a t e c o n t a i n i n g 25.2 pe rcen t 

monazi te . This r ep resen ted a recovery of 6.0 pe rcen t of t h e 

monazite p r e s e n t in the o r i g i n a l s p i r a l f e e d . 

The monazite c o n c e n t r a t e conta ined a l a r g e p r o p o r t i o n 

:of o t h e r m i n e r a l s , mainly z i rcon and g a r n e t . Since g a r n e t i s 

weakly magnetic a p o r t i o n of t h i s monazite c o n c e n t r a t e was 

put through a d i s c p ick-up type magnetic s e p a r a t o r . I t was found 

t h a t 60 percent weight of the i n i t i a l c o n c e n t r a t e could be 

r e j e c t e d as a magnetic f r a c t i o n c o n t a i n i n g only 5 pe r cen t of 

the monazite in ;the i n i t i a l monazite c o n c e n t r a t e . Thus monazite 

hehaves as a non-magnetic mineral when sub jec ted to low i n t e n s i t y 

magnetic s e p a r a t i o n . 

C O N F I D E N T I A L . 
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TABLE 10. 

Mine ra log ica l R e s u l t s of Up-grading I n i t i a l Monazite 
C o n c e n t r a t e . 

F r a c t i o n . Magnetic^ Non-Magnetic. 

Percen t Weight of 
S p i r a l Feed . 0 .20 0 .13 

Percent Weight o f : • 

Monazite* 
Zi rcon . 
R u t i l e . 
Garne t . 
Haemat i te . 
I l m e n i t e . 
Magne t i t e , l i m o n i t e . 
Misce l laneous Heavy 

S i l i c a t e . 

2 . 1 
0 . 7 
4 .0 

. 60,5 
27*5 ) 

3 . 3 ) 
1 . 4 ) 

0 . 5 

v> 
60 .2=percent I ^ O , 
26.5= '9 " ZrOp 

7.0 ^ 
1 . 2 

4 . 1 

1 .0 

100.0 100.0 

The non-magnetic f r a c t i o n - was analysed and gave t h e 

va lues l i s t e d below: 

To ta l Rare E a r t h s . 

ThOp 
ZROP 
TiOo 

31.4 pe rcen t , 

2.8 
30.8 8.2 

ti 
it 

I t i s apparent t h a t c l ean monazite w i l l conta in approx-

imate ly 4 . 7 pe rcen t Th02 and 52 .3 percen t r a r e e a r t h s . 

During the t e s t s the s epa ra t i on of the v a r i o u s mine ra l s 

was determined by g ra in c o u n t s . However duo to the smal l 

sample normally used in microscopic work and the i n h e r e n t 

d i f f i c u l t i e s of o b t a i n i n g a r e p r e s e n t a t i v e sample of such small 

s i z e , t h i s method was used f o r comparison on ly . Al l f i n a l products 

were assayed u s ing chemical methods. 

7 . DISCUSSION OF RESULTS, 

7o1 I n i t i a l Gravi ty C o n c e n t r a t i o n . 

Flowsheet 1 i n d i c a t e s the t rea tment method adopted f o r 

t h i s i n i t i a l c o n c e n t r a t i o n s t e p . ' ' I t was found necessary t o 

r e t r e a t va r ious f r a c t i o n s in o rder t o ach ieve a h igh recovery 

C O N, F I D E N T I A L . 
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of va luab l e heavy mine ra l s in the f i n a l c o n c e n t r a t e . In p l a n t 

p r a c t i c e where the con t inuous r e c y c l i n g of middl ing p r o d u c t s 

i s employed, i t would not be necessa ry to adopt the same 

number of c o n c e n t r a t i o n s t a g e s . 1 

The r e s u l t s in Table 6 show t h a t good r e c o v e r i e s of 

t h e v a l u a b l e heavy mine ra l s were obta ined in the c o n c e n t r a t e 

f r a c t i o n . As the l o s s of these mine ra l s in t h e middl ing 

f r a c t i o n i s low, f u r t h e r work was based on the c o n c e n t r a t e 

f r a c t ion a l o n e , t he middl ing f r a c t i o n being cons idered as a 

t a i l i n g . 

7 . 2 Produc t ion of Valuable Mineral C o n c e n t r a t e s , 

The method adopted (Flowsheet 2) was based on t h e 

t h e o r e t i c a l behaviour of the minera l c o n s t i t u e n t s of the 

o r i g i n a l sand when sub jec t ed t o e l e c t r o s t a t i c , magnetic and 

g r a v i t y forms of c o n c e n t r a t i o n . 

The expected minera l d i s t r i b u t i o n i s shown in Flowsheet 

3» This f l owshee t i n d i c a t e s t h a t i t should be p o s s i b l e t o 

produce c l ean monazite and z i rcon c o n c e n t r a t e s . I t was a n t i c i p -

ated t h a t , due to the p re sence of non-magnetic l i m o n i t e and 

haema t i t e , the r u t i l e c o n c e n t r a t e wou ld be contaminated by t h e s e 

i ron oxide minerals® 

The r e s u l t s in Table 8 show tha t i t was not p o s s i b l e to 

produce aiarket g rade p r o d u c t s . 

The monazi te c o n c e n t r a t e was contaminated to a l a r g e 

degree wi th z i r con and o t h e r heavy s i l i c a t e s , mainly g a r n e t . 

From an examinat ion of Flowsheet 2 i t appears t h a t any z i rcon 

r e p o r t i n g in the monazite c o n c e n t r a t e must be f e e b l y magnet ic . 

Subsequent t r e a tmen t of t h e i n i t i a l monazite c o n c e n t r a t e ( s ee 

Table 10) i n d i c a t e d t h a t most of the ga rne t and i r on oxide , 

mine ra l s could be removed by low i n t e n s i t y magnetic s e p a r a t i o n . 

U n f o r t u n a t e l y t h e monazite and z i rcon in the i n i t i a l monazite 

c o n c e n t r a t e appear t o possess s i m i l a r magnetic s u s c e p t i b i l i t i e s . 

The rufcHe c o n c e n t r a t e conta ined amounts of i r on oxide 

m i n e r a l s , f e r r u g i n o u s r u t i l e and heavy, s i l i c a t e s . Although t h i s 
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c o n c e n t r a t e could probably be upgraded in TiOg conten t by f u r t h e r 

p h y s i c a l or chemical methods, the recovery of non-opaque r u t i l e 

in t h i s c o n c e n t r a t e (Product 40) i s only 45 p e r c e n t , which i s 

too low to warrant f u r t h e r t r e a t m e n t . 

For s i m i l a r r easons a t t emp t s to remove t h e con tamina t ing 

r u t i l e from the z i rcon c o n c e n t r a t e are not cons idered war ran ted . 

From exper ience gained dur ing t h i s i n v e s t i g a t i o n such a s e p a r a t i o n 

would be very d i f f i c u l t . 

I t was shown in Sect ion 6 . 2 t h a t e q u i l i b r i u m c o n d i t i o n s 

were not reached but i t i s r ea sonab le to assumes t h a t a t 

e q u i l i b r i u m the pe rcen tage weight of each of the f i n a l p roduc ts 

would be inc reased p r o p o r t i o n a t e l y without any change in 

m i n e r a l o g i c a l compos i t ion . For the t h r e e c o n c e n t r a t e p roduc t s 

t h i s would mean an i n c r e a s e in pe rcen tage weight and recovery 

as shown in Table 11. 

TABLE 11. 

Est imated Pe rcen tage Weights and Recover ies a t 
Equ i l i b r ium C o n d i t i o n s , 

Product 
(Flowsheet 2 ) . 

17 
l 8 (Z i r con conc) . 
22 
23(Monazite conc ) . 
24 
34 
4 0 ( R u t i l e c o n c . ) 

A t t a i n e d . 

Percen t 
Weight. 

3 .53 0.61 
7.70 
0 . 3 3 
0.22 
4 .37 
0 .51 

Expected 
a t Equ i l i b r i um 

Percen t 
Recovery. 

38 

60 

45 

Percen t 
Weight. 

3«95 
0 .69 
8 .65 
0 , 3 7 
0 .25 
4*91 
0 . 5 7 

^Percent 
Recovery, 

43 

67 

51 

Grav i ty conc^ -7.27 19.40 

x Recover ies a r e based on the amount 'of pure minera l 
in the c o n c e n t r a t e s as a pe r cen t age of t h e m i n e r a l s 

in the feed to the g r a v i t y c o n c e n t r a t i o n s e c t i o n . 
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8. OBSERVATIONS and CONCLUSIONS. 

I t was found imposs ib le to ach ieve c l ean min:eral 

s e p a r a t i o n s , due to ove r l app ing of s p e c i f i c g r a v i t y , magnet ic and 

e l e c t r o s t a t i c c h a r a c t e r i s t i c s of the c o n s t i t u e n t mine ra l s in the 

o r i g i n a l sand. 

I f i t were f e a s i b l e to upgrade the f i n a l p roduc t s t o 

meet market s p e c i f i c a t i o n s wi thout lower ing the r ecove ry , the 

va lues of the c o n c e n t r a t e s per ton of o r i g i n a l sand would be 

s . d . 
2 10 
5 11 
2. 0 

TOTAL. 10 9 . 

The above va lue s a r e based on the es t imated r e c o v e r i e s 

under e q u i l i b r i u m c o n d i t i o n s (Table 11) but i t should be r e a l i s e d 

t h a t the p r i c e s used a r e those cu r ren t at t h e time of w r i t i n g 

and a r e l i a b l e to vary a t sho r t n o t i c e . 

The r e t u r n s to be expected f rom the t r ea tmen t of the 

dune sands a r e , a t the moment, not s u f f i c i e n t to make the depos i t 

a t t r a c t i v e f o r commercial o p e r a t i o n . 

However, t h e r e a re s e v e r a l means by which t h e economic 

p o s i t i o n might be improved. 

The chemical c l e a n i n g of p a r t i c l e s p r i o r to s e p a r a t i o n , 

the a p p l i c a t i o n of f l o t a t i o n and more c a r e f u l ' c o n t r o l of 

t empera ture dur ing e l e c t r o s t a t i c s e p a r a t i o n a r e t h r e e a s p e c t s 

worthy of f u r t h e r i n v e s t i g a t i o n . Also t h e grade of t h e raw 

m a t e r i a l could be inc reased by i n c l u s i o n of h igher g rade 

m a t e r i a l f rom t h e beach. 

The. monazite i s an impor tan t c o n s t i t u e n t of t he sand 

and i t s p robab le f u t u r e importance as a s t r a t e g i c minera l would 

appear to j u s t i f y f u r t h e r work to ensure t h a t recovery methods 

as f o l l o w s : 

Monazite (At £150 
R u t i l e (At £65 
Zircon (At £17 

per ton of conc . ) 
pe r ton of conc. ) 
pe r ton of conc . ) 
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would be a v a i l a b l e a t shor t n o t i c e . Moreover, the f a c t t h a t 

the l a r g e depos i t i s a b o r d e r l i n e case in i t s e l f j u s t i f i e s 
• f i 

f u r t h e r work. -

There a r e s i m i l a r but smal le r d e p o s i t s a d j a c e n t and 

in o the r p a r t s of t he S t a t e . Methods used f o r t h i s depos i t 

could probably be adapted f o r the a d j a c e n t m a t e r i a l . 

C O N F I D E N T I A L . 
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1, APPENDICES. 

(1) Flowsheet No . l 

I n i t i a l Gravi ty C o n c e n t r a t i o n . 

(2) Flowsheet No. 2. 

Product ion of Valuable Mineral C o n c e n t r a t e s . 

In t h i s f lowshee t the f o l l o w i n g p o i n t s should be 

noted . 

( a ) Al l pe rcen tage weights r e f e r to the weight of any 

product as a pe r cen t age of the feed to. the i n i t i a l 

g r a v i t y c o n c e n t r d t i o n s t a g e . 

(b) "H.T." Separa t ion denotes High Tension E l e c t r o s t a t i c 

S e p a r a t i o n . 

( c ) "N/C" denotes Non-conductor . 

(d) "C" denotes Conductor. 

( e ) " I . R . " Mag. Sep" denotes Induced Rol l Magnetic 

S e p a r a t i o n . 

( f ) "N/M" denotes Non-magnetic. 

(g) "M" denotes Magnet ic . 

(h) The "C», "M", and »T" immediately f o l l o w i n g W i l f l e y 

Table denotes C o n c e n t r a t e , Middling and T a i l i n g 

r e s p e c t i v e l y . 
t 

(3) Flowsheet No. 3 

Minera log ica l F lowshee t . 

The a b b r e v i a t i o n s quoted f o r ' Flowsheet No.2 apply 

to t h i s f l o w s h e e t . 
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HEAVY SANDS INVESTIGATIONS FLOWSHEET No.~t. 

SECTION - 1. 

FEED (M/NUS 20 MESH SAND.) 

/OO PERCENT JYE/QNT 
f 

SPIRAL 

»—1 
CONS. 

478 PERCENT WEIGHT 

\ 
TAILING 

52-2 PERCENT WEIGHT. 

SECTION.- 2. SPIRAL 

CONS f 
27 4 PERCENT WEIGHT" 

< TAILING 
20 -4PEP CENT WE/GHT 

SECTION-3. 

SECTION - 4 

R ~ 
CONS. 

\ I 
SPIRAL 

1 . 
1 

TAILING 
//• 3 PERCENT U/EJGHT 40 -3 PERCENT WEIGHT. 

T 
SPIRAL 

J R 
CONS. 

1 
TAILING 

19 2 PERCENT WEIGHT I.3-J PERCENT WE/OPT 

SECTION. 5. T 
SPIRAL 

J L 
T 

f 

FINAL JAILING 

53 4 PERCENT WE/OAR 

F/A/AL CONCENTRATE 
/9-4 PERCENT UE/<MT 

FINAL M/OOLING 
27' 2 PERCEN T WE/GMT 

— MF/GNTS EXPRESSED AS PERCENT WEIGHTS OE SPIRAL. FEED 

SFCT/OA/,-J. 



HEAVY SANDS INVESTIGATIONS •— FLOWSHEET- Nc"2. 
SPIRAL CONC. M-4-O% WEIGHT 

NT SEPARATION 2£ OC% 
J 

© N/C /S SS% 

K 
H.T.SEP 21-80% 

2) CONDUCTORS 3-4SL 

r 
W 

J) N/C 1733% C A-67% 

MT<S£P. I/-33% 
L_ 

Q)N/CK>OO% ^ I 93% 
I 

H.T.SEP /6-OC% 

r~ U ) 
© CLEAN MCJSJOZ^T 2-SO% 

L.R. MAG SEP- r 
HT. SEP. 22 14., 

© N/M 4 -33% M M. 3-37% 

JR. MAG. SEP S-37% 

. L _ 

N/C7«>S3% ^X S-SSJ. 

MT SEP. 16-59% 

0V/M I-ML 
HBM 

I 
IR MAG. SEP Z&/B , 

G) N/MOO^ ^M 7-76% 

N T. SEP. I4-OI>% 
L 

I L 

H.T SEP. 10-23°/* 

MLFLEY TABLE /2 7?7O N^C.E SOL C. Z-Z3°/ 

MLFLEY TABLE 6-311% 

C 0-66% ®M M% 

'G) C.OZ'2% ^M. 7-ZCFR 
REJECT I 

CLEAN C. 
I 

IR. MAG. SEP 73-64% 

REJECT 
1 HT SEP O-SS%C I— 

L. 
MI SEP C 

i 1 1 
N/C C-6'1 ®C O-OJ/O 

ZIRCON CONC. 

\@n/M .9 2/7c 

: //?. MAG. SEP. .9-2.7% 

© N/C. A-SS% CO-ZTFT.; I 1 1 

MONAZITE CONC. @N/M.3-S,% ®MS*6% 

CLEAN M 
ILMENITE HEMATITE 

4-37% 

WTLFLEY TABLE 3-3/% 

TAIL I-OS% AS) CONC. *23% 

H.TSEP. 2-23%, 

N/C. I'72.% _ C O-S/% 
RUTILE CONC. 



HEAVY SANDS INVESTIGATIONS 

FLOWSHEET— No. 3, 

M DENOTES FJNAL PRODUCT. 

ORIGINAL SAND 

i 
SCREEN ON 20 MESH 

- 2O MESH 
RUTILE 
/LMENITE 
HEMATITE 
ZIRCON 

f 
LLMONLTE 

GARNET 
MONAZITE 
Z/EAVT S/UGATES 
QUARTZ, 

1 
•T 2Q MESH 
REJECT 

T&ASH 

f 
SPIRAL 

I 

F/NAL CONC. 
RUT7L£ 
JLMENITE 
HEMATITE 
ZIRCON 

LIMONFTE 
GARNET 
MONAZITE 
HEA VY SIUCA TES 
QUARTZ 

MIDDLING TALL 
QUARTZ 
REJECT# 

\ 

f 
Z/RCON 

QUARTZ 
GARNET 

H. T. SEPARATION 

i 

L/MONFTE 
MONAZITE. 
HEAVY SILICATES 
RUTILE. 

" 1 
MIDDLING 

I 

M/TL 
ZIRCON 
QUARTZ 

f 
I 

\ 

M. SEPARATION 

I 

LIMONITE 
RUTILE 

I 
MIDDLING 

f T 
WILFLEY TABLE 

i 

4 2 
ZM 

NC. MIDDLING 
ZIRCON 

RUTILE 
LIMONITE * 
H. T SEPARATION 

_J 

MIL 
QUARTZ 
LIMONITE 
REJECT * 

1 
M 

MONAZITE 
HEAVY SILICATES 

GARNBT 
LIMONITE 
RUTILE 

\ 
WILFLEY MSLE 

J 

} 

C_ 
RUTILE 
ILMENITE 

HEMATITE 
Z/RCON 

K 
/R.MAO. SEP. 

HEAVY SILICATES 
QUARTZ 
LIMONITE 
GARNET 

JV/AF 
T 

MIDDLING 1 
RUTILE 
ILNTOAFLTE 
ZIRCON 

QUARTZ 
HEAVY SILICATES 

N/C 
ZLRCOH. CONC* 

1 
i L 

RUTILE 
LIMONITE 

' CONC. 
MONAZITE 
RUTILE 
LIMONITE • 
H.T SEPARATION 

J 

MIDDLING 
\ 
TAIL 

URNVY SILICATES 
GARNET 
LIMONITE 
REJECT * 

f 

\ 

WILFLEY TABIE 

i 

M_ 
/LMENITE LIMONITE 
HEMATITE CARNET 

HEAVY SILICATES FE OXIDE CONCH 

r 
Af/c 

MONAZITE.#• 

c 
RUTILE 

LIMONITE 

CONC. LIMONITE. 
RUTILE. HEA VR SILICA TES 
ZIRCON 

I 
H.T SEPARATION 

I 

T 
MIDDLING 

TAIL LIMONITE 
QUARTZ REJECT * 

HEAVY SILICATES 

i 
N/C 

ZIRCON 
HEAVY SILICATES 

€ 
RUTILE CONC. *• 

E LIMONITE 
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