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SUMMARY 

H i s t o r y 

Depos i t s of m i c a c e o u s h e m a t i t e o r e n e a r Wi l l iamstown, SA w e r e 
f o r m e r l y exploi ted f o r i ron f lux, and, m o r e r e c e n t l y f o r c emen t and pa in t -
f i l l e r m a t e r i a l . 

However , mining c losed due to f looding of the s i t e u n d e r the p r e s e n t 
South P a r a wa te r r e s e r v o i r . 

Other depos i t s in the s a m e g e n e r a l a r e a w e r e taken up unde r M i n e r a l 
L e a s e and a compnay, Micor P t y Ltd was f o r m e d in 1965 to exploit the 
depos i t s . 

P r e v i o u s work at l a b o r a t o r y s c a l e and a t pilot s c a l e had shown that 
benef ic ia t ion of the o r e by f r o t h f lo ta t ion us ing f a t t y - a c i d c o l l e c t o r s p roduced 
c o n c e n t r a t e s c lose ly app rox ima t ing B r i t i s h and A m e r i c a n S t anda rds f o r 
paint p igment m a t e r i a l . 

Objec t ives 

F u r t h e r inves t iga t ion was d e s i r e d to d e t e r m i n e : * 

a . the phys i ca l and c h e m i c a l p r o p e r t i e s of m a t e r i a l 
which should be a imed f o r in any benef i c i a t ion 
p r o c e s s , to compe te with c u r r e n t l y m a r k e t e d 
p igmen t s f o r pa in t s , c o n c r e t e m a s o n a r y and 
c e r a m i c ware , 

b. the qual i ty r e q u i r e m e n t s f o r o ther u s e s , such a s 
we ld ing - rod coa t ings and c e r a m i c magne t powder s , 

and to p r o d u c e bulk s a m p l e s of m a t e r i a l a s indicated by "a" and "b" f o r 
c o n s u m e r evaluat ion. 

S u m m a r y of Work Done 

L a b o r a t o r y mi l l ing and m i c r o n i s i n g of Malco lm C r e e k Ore , and o r e 
bene f i c i a t ed by f lo ta t ion , gave powder s of high spec i f i c s u r f a c e a r e a . 
The powder was of a p l u m - r e d co lour , and the co lour of synthe t ic r e d 
i ron oxide could not be ma tched by r o a s t i n g Malco lm C r e e k m a t e r i a l in 
an oxidiz ing a t m o s p h e r e . Reduct ion r o a s t i n g however gave a b lack 
powder c lo se ly app roach ing the co lour of a synthe t ic b lack i ron oxide 
s a m p l e of impor t ed or ig in . Samples of p r e p a r e d n a t u r a l co lour and 
b lack p i g m e n t s w e r e submi t t ed to c e r a m i c and c o n c r e t e m a n u f a c t u r e r s . 
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L a b o r a t o r y and p i l o t - s c a l e d r y - m i l l i n g and s i z e c l a s s i f i c a t i o n t e s t s on 
Ma lco lm C r e e k o r e fa i led to p roduce the d e s i r e d produc t g rade . W e a r on 
mi l l ing equipment was e x c e s s i v e due to the a b r a s i v e n a t u r e of the s i l i c e o u s 
f r a c t i o n of the o r e . F u r t h e r bene f i c i a t ion of d r y - m i l l e d and s i z e - c l a s s i f i e d 
o r e by f lo ta t ion p roved di f f icul t , and l o w - g r a d e c o n c e n t r a t e s w e r e p roduced 
f r o m cont inuous p i l o t - s c a l e ope ra t ion . 

Wet mi l l ing and s i z e c l a s s i f i c a t i o n of o r e p rov ided a su i t ab le f eed f o r 
f lo ta t ion, and s a t i s f a c t o r y c o n c e n t r a t e g r a d e s and r e c o v e r i e s w e r e obtained 
in continuous opera t ion . A bulk s a m p l e of a p p r o x i m a t e l y 9 tons of 
c o n c e n t r a t e conta in ing 82. 9% F e 2 0 3 was p roduced f o r c o n s u m e r evaluat ion. 
The h ighes t c o n c e n t r a t e g r a d e p roduced in one e igh t -hour pe r iod f r o m 
cont inuous ope ra t ion was 93. 7% F e 2 0 3 ; ca lcu la ted r e c o v e r y at a c o n c e n t r a t e 
g r a d e of 88. 5% F e 2 0 3 was 91%. 

Conc lus ions 

The fol lowing conc lus ions w e r e d rawn f r o m the t e s t work: 

1. A m i c a c e o u s h e m a t i t e c o n c e n t r a t e can be p roduced a t 
s a t i s f a c t o r y r e c o v e r y f r o m ground o r e by f r o t h 
f lo ta t ion . 

2. The g r a d e of c o n c e n t r a t e obta inable f r o m a f eed 
conta ining a p p r o x i m a t e l y 55% F e 2 0 3 i s up to 95% 
F e 2 0 3 , and thus m e e t s the g r a d e r e q u i r e m e n t s of 
m a t e r i a l f o r we ld ing- rod coa t ings and s t r u c t u r a l 
paint f i l l e r . 

3. F u r t h e r s i z e - c l a s s i f i c a t i o n o r s i z e r educ t ion of 
f lo ta t ion concen t r a t e m a y be r e q u i r e d to m e e t the 
s i z e spec i f i ca t i ons of p a i n t - f i l l e r g r a d e m a t e r i a l : 
however , the bulk s a m p l e p roduced m e e t s the 
c h e m i c a l and o the r phys i ca l r e q u i r e m e n t s of 
m o s t known p a i n t - f i l l e r spec i f i ca t i ons . 

4. P roduc t ion of a b lack p igment of high s u r f a c e 
a r e f r o m a m i c a c e o u s c o n c e n t r a t e is f e a s i b l e by 
r educ t ion r o a s t i n g and f ine s i z e reduc t ion ; 
however , the dens i ty of co lour obtained will not 
m a t c h that of synthe t ic oxide powders of much 
h i g h e r pur i ty . 

R e c o m m e n d a t i o n s 

It i s r e c o m m e n d e d that po r t i ons of the bulk m i c a c e o u s h e m a t i t e 
c o n c e n t r a t e s a m p l e p roduced be submi t t ed to c o n s u m e r s f o r evaluat ion. 

Should the m a r k e t demand f o r such m a t e r i a l w a r r a n t the e s t a b l i s h m e n t 
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of a t r e a t m e n t plant , the b a s i c f lowshee t shown in F i g u r e 3 is r e c o m m e n d e d . 
The data obtained f r o m the p i l o t - s c a l e ope ra t i ons d e s c r i b e d in th i s r e p o r t 
can be used f o r spec i f i ca t ion of s o m e of the m a j o r i t ems of plant 
equipment . 



5 

1: INTRODUCTION 

Depos i t s of m i c a c e o u s h e m a t i t e n e a r Wi l l i ams town w e r e worked a s the 
Mt B e s s e m e r Mine, ma in ly a s a s o u r c e of i ron f lux, and have been r e p o r t e d 
by Ward (1913) and J ack (1922, 1928). Mining at Mt B e s s e m e r f r o m 1935 
to 1952 was c a r r i e d out on a l imi t ed s c a l e f o r u s e in cemen t and a s a 
p igment (Mi les 1950). Mining c e a s e d at Mt B e s s e m e r due to f looding of 
the a r e a u n d e r the p r e s e n t South P a r a wa te r r e s e r v o i r ; however , o the r 
a r e a s s o m e m i l e s away and poss ib ly an extens ion of the s a m e o r e body w e r e 
taken up unde r M i n e r a l L e a s e , and benef i c i a t ion inves t iga t ions f o r the 
product ion of h i g h - g r a d e m i c a c e o u s p igment conducted a t A m d e l (Bollen 
1947, 1964). Subsequent ly a company, Mico r P t y Ltd was f o r m e d to 
exploit the depos i t s . 

The inves t iga t ions r e p o r t e d h e r e w e r e a i m e d in i t ia l ly on a l a b o r a t y 
s c a l e to p r o d u c e t h r e e b a s i c g r a d e s of m a t e r i a l : 

a . Micaceous oxide f i l l e r f o r s t r u c t u r a l pa in t s . 

b . Red i ron oxide p igment f o r pa in t s , c o n c r e t e 
and c e r a m i c s . 

c. Black i ron oxide f o r pa in t s , c o n c r e t e and 
c e r a m i c s . 

2: MATERIAL EXAMINED 

2. 1 Impor ted P i g m e n t s 

Two s a m p l e s p roduced by F a r b e n f a b r i k e n B a y e r , E a s t G e r m a n y , w e r e 
r e c e i v e d : 

I ron Oxide, Red 10F 
I ron Oxide, Black 318F 

A s a m p l e of impor t ed m i c a c e o u s h e m a t i t e a s u sed by W. P . C r o w h u r s t 
P ty Ltd, in s t r u c t u r a l pa in t s was a l s o r e c e i v e d . 

2. 2 Ma lco lm C r e e k O r e 

A s a m p l e of a p p r o x i m a t e l y 30 tons of o r e f r o m the Ma lco lm C r e e k 
depos i t was r e c e i v e d f o r bene f i c i a t ion t e s t s . The o r e cons i s t ed of ma in ly 
f ine , f r i a b l e m a t e r i a l , with s o m e lumps up to a p p r o x i m a t e l y 5 inches in 
s i ze . 

T h e o r e conta ined a p p r o x i m a t e l y 55% F e 2 0 3 a s m i c a c e o u s h e m a t i t e , the 
r e m a i n d e r be ing p r inc ipa l l y q u a r t z . M i c r o s c o p i c examina t ion of the o r e 
h a s been p r e v i o u s l y r e p o r t e d (Amdel Repor t 200). 
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3.. EQUIPMENT 

3. 1 L a b o r a t o r y T e s t s 

The fol lowing equipment was used in ba tch t e s t s : 

B r i t i s h S tandard S c r e e n s (BSS) 

C r u s h i n g r o l l s 

M i c r o n i s e r 

L a b o r a t o r y v e r t i c a l tube 
f u r n a c e 

L a b o r a t o r y ba tch rod m i l l s 

F a g e r g r e n l a b o r a t o r y 
f lo ta t ion m a c h i n e 

A g i t a i r f lo ta t ion m a c h i n e 

L a b o r a t o r y a t t r i t e r 

Wemco a t t r i t i o n e r 

Raymond l a b o r a t o r y h a m m e r 
m i l l 

6 x 1 0 inch d i a m e t e r 

8 inch d i a m e t e r 

7 inch dia. x 10 inch 

11 inch dia. x 13 inch 

3 l i t r e capac i ty 

40 l i t r e capac i ty 

500-g capac i ty 

10 Kg capac i ty 

Gayco c e n t r i f u g a l a i r c l a s s i f i e r 2 f t d i a m e t e r 

Raymond c e n t r i f u g a l a i r 
c l a s s i f i e r 

P e l l e t i s i n g d r u m 

3 f t d i a m e t e r 

2 f t d i a m e t e r 

3. 2 P i l o t - S c a l e T e s t s 

The fol lowing equipment was used in cont inuous t e s t s : 

Raymond Model 0000 impac t 
m i l l 

Raymond c e n t r i f u g a l a i r 
c l a s s i f i e r 3 f t d i a m e t e r 

2 f t d i a m e t e r x 4 f t 

Boulton g y r a t o r y s c r e e n 

Ba l l m i l l 

Denver No. 15 f lo ta t ion ce l l s 

A g i t a i r No. 8 f lo ta t ion ce l l s 

A c c e s s o r y equipment , including o r e f e e d e r s , r e a g e n t f e e d e r s , 
s l u r r y pumps , vacuum f i l t e r s , e tc . 
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4. ANCILLARY MATERIALS 

The f a t t y - a c i d co l l ec to r m i x t u r e used in f lo ta t ion was m a d e up of the 
fol lowing componen ts : 

T a l l oil, s e m i - r e f i n e d (PAMAK 4) suppl ied by A . C . H a t r i c k 
P t y Ltd. 

F u e l Oil, light g rade f u r n a c e oil . 

T r i t o n X-100 , a non- ion ic e m u l s i f i e r , suppl ied by 
Robe r t B r y c e and Co. Ltd. 

Naphthenic ac id , g rade SP180, suppl ied by Shell Chemica l Co. 

5. 1 Examina t ion of Impor ted P i g m e n t s 

5. 1. 1 C h e m i c a l Ana lys i s 
A n a l y s e s of s a m p l e s of impor t ed synthe t ic i ron oxides f o r ac id 

insoluble m a t e r i a l w e r e used a s a guide to pur i ty . 

5 . 1 . 2 Sizing 
The s a m p l e s w e r e s i zed us ing a F i s h e r s u b - s i e v e s i z e r and Cyclo-

s i z e r . The a v e r a g e p a r t i c l e d i a m e t e r f o r both s a m p l e s was 0. 5 m i c r o n s . 
The s i z e d i s t r ibu t ion is shown in T a b l e 1. 

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

Sample Acid insoluble % 

Iron oxide r e d 10F 
I ron oxide b lack 318F 

1. 06 
1. 61 

Nominal A p e r t u r e £ 
Mesh 
BSS-

Weight % 

+355 + 44 Nil 
Nil 

T r a c e 
2. 6 

97. 4 

-355 +250 
-250 +150 
-150 + 75 
- 75 

- 4 4 + 6 0 
- 60 +100 
-100 +200 
-200 

100. 0 
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5. 3 L a b o r a t o r y - S c a l e Benef ic ia t ion of Ma lco lm C r e e k O r e 

A s a m p l e of lump o r e r e c e i v e d was c r u s h e d to minus 10 -mesh , and 
r e p r e s e n t a t i v e s a m p l e s cut out- f o r t e s t s . 

5. 3. 1 Mic ron i s i ng 
A s a m p l e of c r u s h e d o r e was fed to an 8 - i n c h d i a m e t e r m i c r o n i s e r 

at a f eed r a t e of a p p r o x i m a t e l y 20 pounds p e r hou r . The mi l l ed p roduc t 
was a deep p l u m - r e d co lour . The m a j o r s i l i ca content of the o r e r e m a i n e d 
in the m i c r o n i s e r g r ind ing c h a m b e r a s c o a r s e p a r t i c l e s ; it m a y be pos s ib l e 
to b leed of t h i s m a t e r i a l in a cont inuous mi l l ing opera t ion to a l low 
s imu l t aneous mi l l ing and benef ic ia t ion of the i ron oxide p roduc t . A v e r a g e 
p a r t i c l e d i a m e t e r of the m i r c o n i s e d produc t was 1. 1 m i c r o n s . 

Size d i s t r ibu t ion of the m i c r o n i s e d produc t was-. 

5. 3. 2 Roas t ing of Mic ron i s ed O r e 
S a m p l e s of m i c r o n i s e d o r e w e r e a g g l o m e r a t e d by adding w a t e r , and 

mix ing by hand to f o r m pe l l e t s which w e r e then oven d r i ed . 

Oxidation Roas t ing . P e l l e t s of m a t e r i a l w e r e held in p o r c e l a i n c r u c i b l e s 
in a muf f l e f u r n a c e at a t e m p e r a t u r e of 1000°C f o r 1 hour and 4 h o u r s , 
with f r e e a i r a c c e s s , and a l so in an a t m o s p h e r e of s t e a m . 

On cooling, the m a t e r i a l showed s o m e s l ight r edden ing in co lour f r o m 
the m i c r o n i s e d m a t e r i a l , but with no d i f f e r e n c e ' b e t w e e n 1 and 4 h o u r s 
t r e a t m e n t . 

Reduct ion Roas t ing . P e l l e t s of m a t e r i a l w e r e held in a s t a i n l e s s - s t e e l 
m e s h b a s k e t in a v e r t i c a l tube f u r n a c e at a t e m p e r a t u r e of a p p r o x i m a t e l y 
600°C f o r 2 h o u r s . An a t m o s p h e r e of c o a l - g a s o r hydrogen was main ta ined 
du r ing the r o a s t i n g and cooling s t a g e s . 

The r e s u l t a n t m a t e r i a l was b lack in co lour , but not of c o m p a r a b l e 
c o l o u r - d e n s i t y to synthe t ic b lack oxide p igment s a m p l e s . 

5. 3. 3 F lo ta t ion Tes t ing . 
P r e l i m i n a r y ba tch t e s t s indicated that a gr inding t i m e of 10 minu t e s 

gave a s a t i s f a c t o r y feed s i ze , and good f lo ta t ion r e s u l t s w e r e obtained 
us ing 2 pounds of t a l l - o i l co l l ec to r p e r ton of o re . 

P a r t i c l e Size 
V 

Weight % 

- 2 5 . 4 +19. 2 
- 19.2 +13 .5 
-13 . 5 + 8. 9 
- 8 . 9 + 6 . 9 
- 6 . 9 

+25. 4, 0. 2 
1. 7 
5. 0 

10. 6 
10. 0 
72. 5 

100. 0 
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The co l l ec to r m i x t u r e used was of the fol lowing compos i t ion : 

% 
P a m a k 4 18. 9 
F u e l oil 79. 4 
Naphthenic ac id 3. 8 
T r i t o n X- 100 1. 9 

100. 0 

R e s u l t s of a t e s t in which the f r o t h c o n c e n t r a t e was c leaned once a r e 
shown in Tab le 2. 

F u r t h e r t e s t s w e r e done, employing two s t a g e s of c leaning, and the 
r e s u l t a n t c o n c e n t r a t e s a m p l e s w e r e combined to f o r m a bulk s a m p l e f o r 
t e s t ing . 

The bulk c o n c e n t r a t e a s s a y e d 90. 9% F e 2 0 3 . 
The s i z ing of the bulk c o n c e n t r a t e by s c r e e n i n g was:-

Nomina l A p e r t u r e Mesh Weight 
a BSS % 

+355 + 44 Nil 
-355 +250 - 44 + 60 T r a c e 
-250 +150 - 60 +100 1 .0 
- 150 + 75 -100 +200 10.8 
- 75 -200 88 .2 

100.0 

5 . 3 . 4 Mil l ing and M i c r o n i s i n g of F lo ta t ion C o n c e n t r a t e 
A s a m p l e of bulk f lo ta t ion c o n c e n t r a t e was t r e a t e d in a l a b o r a t o r y 

Raymond h a m m e r m i l l in p r e p a r a t i o n f o r m i c r o n i s i n g . 
Sizing of the mi l led m a t e r i a l was: 

Nomina l A p e r t u r e Mesh Weight 
M- BSS % 
+150 +100 T r a c e 

- 150 + 125 -100 +120 0. 2 
-125 + 90 -120 +170 2. 2 
- 90 + 75 -170 +200 1 .4 
- 75 + 63 -200 +240 5. 4 
- 63 + 45 -240 +350 14. 2 
r 45 -350 76. 6 

100. 0 

The a v e r a g e p a r t i c l e d i a m e t e r of the m i c r o n i s e d m a t e r i a l was 0. 5 
m i c r o n s . Size d i s t r ibu t ion of the m i c r o n i s e d m a t e r i a l was: 
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P a r t i c l e Size Weight 
M- % 

+25. 3 0. 2 
-25 . 3 +18. 8 T r a c e 
-18 . 8 +13. 2 0. 4 
-13 . 2 + 8. 7 0. 4 
- 8 . 7 + 6 . 7 0. 6 
- 6 . 7 98. 4 

100. 0 

5 . 3 . 5 Reduct ion Roas t ing of Mic ron i sed F lo ta t ion C o n c e n t r a t e 
S a m p l e s of m i c r o n i s e d c o n c e n t r a t e w e r e pe l l e t i s ed by hand, and held 

in a v e r t i c a l tube f u r n a c e f o r 4 h o u r s at t e m p e r a t u r e s of a p p r o x i m a t e l y 550 
and 650°C in both coal gas and hydrogen a t m o s p h e r e s . Sample s r e d u c e d in 
coal gas w e r e of a lower in tens i ty b lack colour than those r e d u c e d in 
hydrogen . 

5. 3. 6 Mil l ing and A i r C l a s s i f i c a t i o n 
A s a m p l e of a p p r o x i m a t e l y 140 lb of lump o r e was r o l l s c r u s h e d to 

nomina l ly 10 m e s h , and fed to a l a b o r a t o r y h a m m e r m i l l f i t t ed with an %' 
inch a p e r t u r e p e r f o r a t e d s c r e e n . The mi l l ed m a t e r i a l was fed to a 
c e n t r i f u g a l a i r c l a s s i f i e r and s e p a r a t e d into c o a r s e and f ine f r a c t i o n s . The 
c o a r s e f r a c t i o n cons i s t ed e s s e n t i a l l y of f r e e s i l i ceous m a t e r i a l . The f ine 
f r a c t i o n r e p r e s e n t e d 62% of the weight of feed to the unit and a s s a y e d 7 0. 0% 
F e 2 0 3 . The c o a r s e f r a c t i o n was not a s s a y e d . 

F lo ta t ion of Mil led and C l a s s i f i e d Ore . Samples of 30 lb of the f ine 
f r a c t i o n f r o m a i r c l a s s i f i c a t i on w e r e condit ioned at a p p r o x i m a t e l y 7 0% 
so l ids with t a l l oi l co l l ec to r emuls ion f o r 20 minu te s in an a t t r i t i o n -
condi t ioner . It was found n e c e s s a r y to add up to a p p r o x i m a t e l y 8 lb of 
co l l ec to r p e r ton to obtain s a t i s f a c t o r y f lo ta t ion . The condit ioned m a t e r i a l 
was f loa ted , and the f r o t h c o n c e n t r a t e was c leaned twice . 

F i n a l c o n c e n t r a t e f r o m t h r e e such f lo ta t ion s e p a r a t i o n s was combined , 
f i l t e r e d , d r i ed , weighed and s amp led . 

The c o n c e n t r a t e a s s a y e d 97. 0% F e 2 0 3 . 
Sizing of the concen t r a t e was : 

Nomina l A p e r t u r e Mesh Weight 
M. BSS % 
+150 +100 0 . 3 

-150 +125 -100 +120 0 . 3 
- 125 + 90 - 120 +170 2 . 4 
- 90 + 75 -170 +2.00 2 . 0 
- 75 + 63 -200 +240 . 3 . 5 
- 63 + 45 r240 +350 11. 3 
- 45 -350 80. 2 

100. 0 
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Mic ron i s ing . A s a m p l e of a p p r o x i m a t e l y 30 lb of f lo ta t ion c o n c e n t r a t e was 
fed to an 8 - i n c h d i a m e t e r m i c r o n i s e r uni t . 

A v e r a g e p a r t i c l e d i a m e t e r of the m i c r o n i s e d p roduc t was 1. 3 m i c r o n s . 

Reduct ion. A s a m p l e of a p p r o x i m a t e l y 15 lb of m i c r o n i s e d m a t e r i a l was 
a g g l o m e r a t e d in a pe l l e t i s ing d r u m at a p p r o x i m a t e l y 20% m o i s t u r e content , 
oven d r i ed , and held in a r educ t ion con ta ine r in a muf f l e f u r n a c e f o r 4 h o u r s . 
A h y d r o g e n a t m o s p h e r e was ma in t a ined in the r educ t ion c h a m b e r dur ing both 
hea t ing and cooling cyc les . 

The r e d u c e d m a t e r i a l was then mi l l ed in a l a b o r a t o r y h a m m e r m i l l 
f i t t ed with an 0. 25 m m s lo t ted s c r e e n . 

A v e r a g e p a r t i c l e d i a m e t e r of the mi l l ed m a t e r i a l was 1. 5 m i c r o n s . 

5. 4 P i l o t - S c a l e Benef ic ia t ion of Ma lcom C r e e k O r e 

Fo l io wing, l a b o r a t o r y ba tch t e s t s to p roduce s a m p l e s f o r evalua t ion 
a s f i l l e r f o r s t r u c t u r a l pa in t s , welding rod coa t ings , and p igmen t s f o r 
c e r a m i c and m a s o n r y w a r e , t e s t s w e r e done at pilot s c a l e to p r o d u c e bulk 
s a m p l e s f r o m a 30 ton o r e p a r c e l . 

The t e s t s w e r e done within the fol lowing p r o g r a m m e : 

a . D r y mi l l ing of feed , and s i z e c l a s s i f i c a t i o n of the 
mi l l ed o r e to r e j e c t s i l i c eous m a t e r i a l a s a c o a r s e 
f r a c t i o n . F lo t a t ion concen t r a t ion of the h e m a t i t e 
f r a c t i o n , to p roduce a f r o t h c o n c e n t r a t e su i t ab le a s 
a f i l l e r f o r s t r u c t u r a l paint without f u r t h e r s i z e 
r educ t ion . 

b . Wet mi l l ing of o r e and f lo ta t ion to p r o d u c e a f r o t h 
c o n c e n t r a t e su i t ab le f o r s t r u c t u r a l paint f i l l e r . 

c. F u r t h e r u p - g r a d i n g of c o n c e n t r a t e f r o m (b) by 
f lo ta t ion to p roduce m a t e r i a l su i t ab le f o r welding 
rod coa t ings , and p o s s i b l e u s e s , a f t e r f u r t h e r 
t r e a t m e n t , f o r c e r a m i c and m a s o n r y p igment , and 
c e r a m i c magne t i c i ron oxides . 

5. 4. 1 F e e d P r e p a r a t i o n 
The o r e r e c e i v e d in d r u m s was p a s s e d th rough a r o l l s c r u s h e r se t 

of l/z inch, and the c r u s h e d p roduc t r e - d r u m m e d . 
The o r e was c o n s i d e r e d to be f a i r l y u n i f o r m in g r a d e f r o m d r u m to 

d r u m , and no a t t empt was m a d e to blend the to t a l s a m p l e o r obtain a 
r e p r e s e n t a t i v e head s a m p l e . 

5. 4. 2 Dry Mil l ing 
D r u m s of o r e w e r e t i p p e d into a po r t ab l e b in f i t t ed with a cons t an t -

weight b e l t r f e e d e r , and fed to a dry. mi l l ing c i r c u i t c o m p r i s i n g Raymond 
impac t mi l l , cyc lone p roduc t co l l ec to r and Raymond c e n t r i f u g a l a i r 
c l a s s i f i e r . 
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P r e l i m i n a r y t e s t s w e r e done at va ry ing feed r a t e s and c l a s s i f i e r 
s e t t i ngs , a im ing f o r a c o a r s e s i l i c eous p roduc t low in h e m a t i t e content 
which could be r e j e c t e d , and a f ine produc t containing m o s t of the h e m a t i t e , 
and a m i n i m u m of f ine q u a r t z . The condi t ions that m o s t - c l o s e l y m e t t h e s e 
r e q u i r e m e n t s w e r e a feed r a t e of 800-900 pounds p e r hour , and c o a r s e 
c l a s s i f i e r se t t ings . However , s ampl ing and examina t ion of c l a s s i f i e r 
p roduc t s showed that h e m a t i t e r e c o v e r y into the f ine produc t was low: 

P r o d u c t 

C o a r s e 
F i n e 

Weight 
% . . 

67 
33 

100 

Sizings of the p r o d u c t s a r e tabula ted below: 

Sc reen Sizing Weight % 
Mesh 
BSS C o a r s e F i n e 

+ 8 0. 1 Nil 
- 8 + 12 0. 5 Nil 
- 12 + 16 1. 0 Nil 
- 16 + 22 2. 0 Nil 
- 22 + 30 3. 2 • Nil 
- 30 + 44 8. 1 Nil 
- 44 + 60 13. 1 Nil 
- 60 + 85 14. 2 Nil 
- 85 +120 11. 0 Nil 
- 120 + 170 8. 0 

1 (a) . 
Nil 

-170 +200 2. 
0 
1 (a) . Nil 

-200 36. 7 100. 

100. 0 100. 

(a) Q u a r t z , s o m e h e m a t i t e . 90% Hemat i t e , 10% Q u a r t z . 
(b) 70% Hema t i t e , 30% Q u a r t z . 

The Raymond c e n t r i f u g a l c l a s s i f i e r could not be a d j u s t e d to m a k e a 
c l a s s i f i c a t i o n at c o a r s e r than 2 00 m e s h which would have been r e q u i r e d to 
obtain high r e c o v e r y of h e m a t i t e in the f ine produc t . 

A t t e m p t s w e r e made to f u r t h e r c l a s s i f y the c o a r s e p roduc t f r o m the 
Raymond unit . Samples w e r e t r e a t e d in a Gayco c e n t r i f u g a l c l a s s i f i e r a t 
v a r i o u s condi t ions , but only an addi t iona l 2% by weight was r e c o v e r e d a s a 
f i ne h e m a t i t e - r i c h f r a c t i o n . 

A s a m p l e of the c o a r s e produc t was s c r e e n e d at 60 m e s h on a cont inuous 
Boulton g y r a t o r y s c r e e n . A good s e p a r a t i o n was obtained at high throughput , 
the o v e r s i z e produc t be ing r e j e c t a b l e b e c a u s e of an uns ign i f ican t h e m a t i t e 
content . (See Tab le 3). 

It was t h e r e f o r e decided to t r e a t the whole s a m p l e by mi l l ing , a i r 
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c l a s s i f i c a t i o n a n d ' d r y - s c r e e n i n g of the c o a r s e p roduc t a s shown in F i g u r e 1. 
A s c r e e n s i z e of 60 m e s h was s e l e c t e d a s one giving su f f i c i en t ly high s c r e e n i n g 
r a t e , and giving an u n d e r s i z e produc t su i t ab le f o r f lo ta t ion s e p a r a t i o n . 

R e s u l t s of the comple te s e p a r a t i o n a r e shown in T a b l e 1. 

5. 4. 3 F lo t a t i on of Dry -Mi l l ed O r e 
S a m p l e s of the two h e m a t i t e - b e a r i n g f r a c t i o n s f r o m d r y mi l l i ng and 

c l a s s i f i c a t i o n w e r e t r e a t e d in ba tch f lo ta t ion t e s t s . A t a l l - o i l c o l l e c t o r 
m i x t u r e was added at the r a t e of 4 to 8 pounds p e r ton of f lo ta t ion feed , 
e i t he r to a h i g h - d e n s i t y condi t ioning s tage , o r to the f lo ta t ion cel l . 
S a t i s f a c t o r y f lo ta t ion was obtained with both s a m p l e s a f t e r condi t ioning in 
the f lo ta t ion ce l l a t a p p r o x i m a t e l y 25% so l id s f o r 10 m i n u t e s with 7 lb of 
co l l ec to r p e r ton of feed . R e s u l t s of the t e s t s a r e shown in T a b l e s 4 and-5. 

T r e a t m e n t of C l a s s i f i e r F i n e P r o d u c t . Th i s m a t e r i a l was t r e a t e d by 
f lo ta t ion to a i m f o r a c o n c e n t r a t e g r a d e of 80% Fe 2 O a m i n i m u m which would 
r e q u i r e no f u r t h e r mi l l ing to m e e t the s i z e r e q u i r e m e n t s f o r s t r u c t u r a l 
paint f i l l e r . 

The m a t e r i a l was fed at the r a t e of 250 pounds p e r hour to the c i r c u i t 
a s shown in F i g u r e 2. Ini t ia l ly , 6 lb of r e a g e n t p e r ton was added, but 
f lo ta t ion condi t ions w e r e poor , and r eagen t dosage was i n c r e a s e d to 9, and 
then to 12 pounds p e r ton. F lo t a t ion condi t ions w e r e g e n e r a l l y poor , p a r t l y 
due to l ack of con t ro l ove r the induced a e r a t i o n on the ce l l s used. - th i s 
a l lowed c l e a n e r c e l l s to o p e r a t e much f a s t e r than d e s i r a b l e . However , 
t a i l ing g r a d e s w e r e v e r y high in F e 2 0 3 , and a l l r e j e c t m a t e r i a l was saved 
f o r p o s s i b l e r e - t r e a t m e n t . T h e f lo ta t ion c i r c u i t was s a m p l e d n e a r the 
conc lus ion of the run : 

The bulk c o n c e n t r a t e f r o m the cont inuous opera t ion was s a m p l e d and 
a s s a y e d ;72."6%'Fe2Q3. . 

B e c a u s e of the u n s a t i s f a c t o r y g r a d e of th i s p roduc t , it was a i r - d r i e d , 
and s t o r e d f o r f u r t h e r t r e a t m e n t . 

T r e a t m e n t of S c r e e n U n d e r s i z e F r a c t i o n . B e c a u s e of the u n s a t i s f a c t o r y 
r e s u l t s f r o m t r e a t m e n t of c l a s s i f i e r f ine f r a c t i o n in the l a r g e - s c a l e f lo ta t ion 
ce l l s , t r e a t m e n t of the s c r e e n u n d e r s i z e f r a c t i o n was c o m m e n c e d in the 
s m a l l f lo ta t ion plant at the r a t e of 120 pound p e r hou r , u s ing a f lowshee t 
s i m i l a r to that shown in F i g u r e 2. 

P r o d u c t A s s a y 
Fe2Q3% 

C l e a n e r c o n c e n t r a t e 
R e - c l e a n e r c o n c e n t r a t e 
Rougher t a i l ing 

Rougher concentra te . : 1st ce l l 
2nd ce l l 
3rd ce l l 
4th ce l l 

68. 4 
63. 7 
70. 4 
51. 6 
69. 4 
70. 5 
45. 9 
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T r e a t m e n t was s t a r t e d using- 8 pounds of r e a g e n t p e r ton of, f eed , but 
condi t ions w e r e poor , and th i s was i n c r e a s e d to 12 pounds p e r ton. Good 
f lo ta t ion could be obtained on s t a r t - u p of the plant , but condi t ions p r o g r e s s -
ively d e t e r i o r a t e d with cont inuous opera t ion . At th i s point it was e s t ab l i shed 
that s a m p l e s of condit ioned feed pulp f r o m the plant r e q u i r e d 5 to 10 minu t e s 
f u r t h e r condit ioning, without addi t iona l r e a g e n t , in the l a b o r a t o r y f lo ta t ion 
ce l l to give s a t i s f a c t o r y f lo ta t ion . P r e l i m i n a r y ba tch t e s t s had given 
s a t i s f a c t o r y r e s u l t s a f t e r 10 minu t e s condit ioning ( see T a b l e 4) and 
ca lcu la ted m e a n r e t en t ion t i m e in the plant condi t ioner was a p p r o x i m a t e l y 60 
minu tes ; however , the m e c h a n i s m of condit ioning in the two c a s e s was 
qui te d i s s i m i l a r so that the two uni t s can not b e c o m p a r e d . 

A second condi t ioner tank of s i m i l a r capac i ty was ins ta l l ed in s e r i e s 
with the o r ig ina l one, and f lo ta t ion condi t ions improved suf f i c ien t ly to 
al low the produc t ion of a ba tch of high g r a d e c o n c e n t r a t e f o r s u b m i s s i o n 
o v e r s e a s . 

Cons i s t en t ope ra t ing condi t ions w e r e obtained a f t e r r e p l a c i n g the 
a g i t a t o r - s u m p with a 2 - s t a g e high dens i ty condi t ioner . The d r y feed was 
pulped with wa te r to 70% so l ids and condit ioned with r e a g e n t in th i s unit , 
di luted to 15-20% so l ids and pumped to the two low-dens i ty cond i t i one r s 
in s e r i e s , and g rav i t a t ed to f lo ta t ion . 

The fol lowing concen t r a t e was obtained f r o m the s c r e e n u n d e r s i z e 
f r a c t i o n of d r y - m i l l e d ore:-

R e - T r e a t m e n t of F lo ta t ion C o n c e n t r a t e F r o m C l a s s i f i e d F i n e s . L o w - g r a d e 
c o n c e n t r a t e obtained f r o m the l a r g e - s c a l e c i r cu i t , u s ing a 2 - s t a g e high 
dens i ty condi t ioner f o r r e - p u l p i n g and the addi t ion of f u r t h e r r e a g e n t 
( app rox ima te ly 3 lb / ton) . 

The g r a d e of the r e s u l t a n t f r o t h c o n c e n t r a t e was 76. 9% F e 2 0 3 , and was 
thus unsu i t ab le f o r paint f i l l e r g r a d e m a t e r i a l . 

5 . 4 . 4 Wet Mil l ing and F lo ta t ion of O r e 

P r e l i m i n a r y Tes t ing . The plant was s e t - u p a s shown in F i g u r e 3. 
The f lo ta t ion c i r cu i t was modif ied to al low a l o w - g r a d e s c a v e n g e r 

f r o t h c o n c e n t r a t e to be r e - c y c l e d to the head of the c i r c u i t . 
The o r e was ground us ing a b a l l - m i l l in c l o s e d - c i r c u i t with a h y d r o -

cyclone. A s i eve -bend s c r e e n was ins ta l led to t r e a t cyclone unde r f low 
m a t e r i a l in an t ic ipa t ion that a c o a r s e qua r t z f r a c t i o n low in h e m a t i t e m a y 
be r e j e c t e d f r o m the c i r cu i t by the s c r e e n . Sizings of s a m p l e s t aken 
a f t e r bedd ing- in of the gr ind ing c i r cu i t a t a feed r a t e of 500 pound p e r hour 
a r e shown in Tab le 6. 

Batch No. A s s a y 
Fe2Q3% 

1 
2 
3 

95. 1 
93. 3 
92. 5 
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The s i eve -bend s c r e e n o v e r s i z e p roduc t , al though a r e l a t i v e l y s m a l l 
p ropo r t i on of to ta l o re , contained su f f i c ien t h e m a t i t e to indica te r e - c y c l i n g 
the product to bal l mi l l . 

The plant was run f o r 2 days at a feed r a t e of a p p r o x i m a t e l y 500 pounds 
p e r hour and a r e a g e n t dosage of a p p r o x i m a t e l y 12 pounds p e r ton. 

Sample s taken over the second d a y ' s run gave the fol lowing r e s u l t s : 

Weight Fe2Q3% 

"h.— A s s a y Dis t r ibu t ion 

F i n a l c o n c e n t r a t e 7 3 . 2 76 .6 95 .7 
F i n a l t a i l ing 26 .8 9 .32 4 . 3 

100. 0 58. 6 (a) 100. 0 

|a) Ca lcu la ted g rade . 

Reagent addi t ion was r e d u c e d to a p p r o x i m a t e l y 8 pounds p e r ton of o re , 
to i n c r e a s e the c o n c e n t r a t e g rade , and the plant was p r e p a r e d f o r 
cont inuous ope ra t ion on a 24 h o u r s p e r day b a s i s to t r e a t the ma in o r e 
s a m p l e at a feed r a t e of a p p r o x i m a t e l y 8 00 pounds p e r hou r . 

Cont inuous Opera t ion . The plant was ope ra t ed f o r seven consecu t ive 8 - h o u r 
sh i f t s . O r e f e e d - r a t e r anged f r o m 900 to 1100 pounds p e r hour on a sh i f t -
a v e r a g e b a s i s , al though s o m e f e e d e r d i f f i cu l t i e s with mo i s t o r e caused 
s h o r t - t e r m f luc tua t ions of f r o m 800 to 1400 pounds pe r hour in feed r a t e . 
A v e r a g e r eagen t addi t ion was 8 pounds p e r ton of feed . 

Under s t eady feed condi t ions , the c i r cu i t ope ra t ed s a t i s f a c t o r i l y , and 
c o n c e n t r a t e s w e r e f i l t e r e d on ba tch vacuum f i l t e r s . F lo ta t ion c o n c e n t r a t e s 
of known or su spec t ed unaccep tab le g r a d e (8 0% F e 2 0 3 ) w e r e s t o r e d in d r u m s 
without f i l t e r i n g , f o r f u r t h e r p r o c e s s i n g . 

F i l t e r e d c o n c e n t r a t e s w e r e s a m p l e d on an 8 hour shi f t b a s i s f o r a s s a y : 

Shift No. C o n c e n t r a t e A s s a y 
Fe2Q3% 

1 93. 7 
2 78. 4 
3 74. 7 
4 7 9 . 5 
5 8 8 . 5 
6 74. 5 
7 8 2 . 4 . ' 

B a t c h e s of low g rade , f r o m sh i f t s 3 and 6, p roduced dur ing condi t ions 
of r educed feed r a t e and consequent i n c r e a s e d r e a g e n t dosage p e r ton of 
feed , w e r e se t a s ide . The r e m a i n i n g lo ts w e r e combined, a i r - d r i e d and 
s amp led . The bulk s amp le , of a p p r o x i m a t e l y 9 tons , a s s a y e d 82. 9% 
F e 2 0 3 . 
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Sizing of the bulk c o n c e n t r a t e s a m p l e was: 

Nominal Sc r een Equivalent Cumula t ive 
A p e r t u r e Mesh Weight 

|JI BSS P a s s i n g 
% 

250 60 100.0 
180 85 9 9 . 0 
125 120 95. 0 
90 170 8 6 . 2 
75 200 - 8 2 . 7 
63 240 69. 1 

,53 300 6 4 . 1 
45 350 24 .7 

Ana lys i s of the m a t e r i a l , r e l e v a n t to paint f i l l e r s p e c i f i c a t i o n s is shown 
in Appendix D. 

S a m p l e s f r o m the whole c i r c u i t w e r e taken u n d e r condi t ions of 
s a t i s f a c t o r y opera t ion . T h e s e w e r e weighed wet, f i l t e r e d and the so l ids 
d r i ed and r e - w e i g h e d , then s a m p l e d f o r a s s a y and, in s o m e c a s e s , s i zed . 

Data obtained f r o m the c i r cu i t i s shown in T a b l e s 7 and 8. 
The r e c o v e r y of F e 2 0 3 ca lcu la ted f r o m the data in T a b l e 7 was 

a p p r o x i m a t e l y 91%. 

Upgrad ing of Concen t r a t e . C o n c e n t r a t e s l u r r y f r o m the m a i n o r e t r e a t m e n t , 
e s t i m a t e d to a v e r a g e 7 5-80% F e 2 0 3 content , was pumped to the s m a l l 
f lo ta t ion plant f o r r e - t r e a t m e n t . No f u r t h e r r e agen t addi t ion was made , and 
the c o n c e n t r a t e was upgraded by t h r e e s t a g e s of f lo ta t ion. Ta i l ing f r o m r e -
t r e a t m e n t was r e j e c t e d to was te . 

R e s u l t s of the r e - t r e a t m e n t of a p p r o x i m a t e l y 2 tons of m a t e r i a l we re : 

Batch No. A s s a y 
Fe2Q3% 

1 94. 5 
2 91. 9 

6. DISCUSSION 

6. 1 L a b o r a t o r y T e s t s 

6. 1. 1 C o m p a r i s o n of Benef ic ia t ed Malco lm C r e e k O r e with Impor t ed 
P i g m e n t s 
S tandard and typ ica l c o n s u m e r s p e c i f i c a t i o n s f o r m i c a c e o u s h e m a t i t e 

f o r u s e a s welding rod coat ing and f o r f i l l e r in s t r u c t u r a l pa in t s a r e shown 
in Appendices A and B. 

The m a t e r i a l p roduced by l a b o r a t o r y ba tch f lo ta t ion of ground o r e m e t 
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the spec i f i ca t i ons f o r welding rod coat ing m a t e r i a l both f o r c h e m i c a l 
a n a l y s i s and s i z e d i s t r ibu t ion . F lo ta t ion c o n c e n t r a t e s a t i s f i e d the g r a d e 
r e q u i r e m e n t s both of a s t r u c t u r a l paint f i l l e r m a n u f a c t u r e r ' s ' spec i f i ca t i on 
and a paint f i l l e r s a m p l e suppl ied , but contained 2. 8 and 1. 2% r e s p e c t i v e l y 
e x c e s s m a t e r i a l c o a r s e r than 200 m e s h . However , it i s expected that th i s 
s i z ing spec i f i ca t ion could be me t by con t ro l of the mi l l ing opera t ion . 

H a m m e r mi l l ed f lo ta t ion c o n c e n t r a t e conta ined s o m e r e d unde r tone in 
the s t e e l g r e y co lour of the m a t e r i a l but it i s not expected that th i s would be 
d e l e t e r i o u s in a s t r u c t u r a l paint . 

Mic ron i s i ng of o r e a s r e c e i v e d produced a p lum- red co loured m a t e r i a l 
which was r o a s t e d u n d e r r educ ing condi t ions to give a g r e y - b l a c k co loured 
p igment . Although a s ign i f ican t amount of f r e e s i l i ca was r e j e c t e d du r ing 
m i c r o n i s i n g , the f i n a l p roduc t would s t i l l have a r e l a t i v e l y high s i l i ca 
content and thus could not be c o m p a r e d with t he high pu r i ty o r dense b lack : 
co lour of the impor t ed B a y e r p igment . 

M i c r o n i s e d f lo ta t ion c o n c e n t r a t e was of a s i m i l a r s i z ing to the. B a y e r 
p igment . Reduct ion r o a s t i n g gave a good b lack co lour , which howeve r was 
not a s dense a s the impor t ed m a t e r i a l . However , it i s l ikely that both 
m i c r o n i s e d , and m i c r o n i s e d and r e d u c e d m a t e r i a l , m a y b e su i t ab le a s 
p igmen t s in c o n c r e t e , m a s o n r y and c e r a m i c p r o d u c t s . 

6. 1 .2 Dry Mil l ing and Size C l a s s i f i c a t i o n 
A i r c l a s s i f i c a t i o n of mi l l ed o r e did not give su f f i c ien t u p - g r a d i n g , at 

high weight r e j e c t i o n , to p r o d u c e m a t e r i a l su i tab le f o r u s e in welding r o d -
coa t ings o r s t r u c t u r a l pa in t s . However , the m a t e r i a l p roduced by such a 
p r e l i m i n a r y benef i c i a t ion s tep was c o n s i d e r e d to have p o s s i b l e appl ica t ion 
a s a f i l l e r in a spha l t , o r c o n c r e t e and c e r a m i c m a s o n r y p r o d u c t s . 

F lo t a t ion of the f ine p roduc t f r o m a i r c l a s s i f i c a t i o n gave a high g r a d e 
c o n c e n t r a t e which was r e a d i l y m i c r o n i s e d to p r o d u c e p igment of high, 
spec i f i c s u r f a c e a r e a . 

6. 2 P i l o t - S c a l e T e s t s 

6. 2. 1 D r y Mil l ing and Size C l a s s i f i c a t i o n 
It was not pos s ib l e , in the equipment ava i l ab le , to s i z e c l a s s i f y mi l l ed 

o r e in one s t ep to give s a t i s f a c t o r y r e j e c t i o n of a b a r r e n q u a r t z f r a c t i o n . 
Sc reen ing at 60 m e s h r e j e c t e d a p p r o x i m a t e l y 20% of the o r e with l i t t l e 
h e m a t i t e l o s s , and al though d r y s c r e e n i n g at th i s s i z e would be p o s s i b l e 
economica l ly , the d r y mi l l ing p r o c e s s is u n d e s i r a b l e b e c a u s e of e x c e s s i v e 
a b r a s i o n on equipment . In the t e s t work r e p o r t e d , two s e t s of impac t 
h a m m e r s w e r e consumed in t r e a t i n g a p p r o x i m a t e l y 10 tons of o r e , and o the r 
moving p a r t s of the impac t m i l l w e r e s e v e r e l y worn. 

6. 2 . 2 F lo t a t i on of Dry Mil led O r e 
F lo t a t ion t r e a t m e n t of the f ine c l a s s i f i e d f r a c t i o n f r o m d r y - m i l l e d 

o r e was u n s a t i s f a c t o r y . 
Ba tch t e s t i n g of th i s f r a c t i o n had indicated r e l a t i v e l y low r e c o v e r y , 

and the n e c e s s i t y f o r a high middl ings weight r e c i r c u l a t i o n to obtain 
s a t i s f a c t o r y c o n c e n t r a t e g rade . Low c o n c e n t r a t e g r a d e was obtained in 



18 

in i t ia l cont inuous f lo ta t ion t r e a t m e n t , but th i s m a y be p a r t l y a t t r i bu t ed to 
d i f f i cu l t i e s in obtaining s a t i s f a c t o r y condi t ioning t i m e with r e a g e n t s , and 
to m e c h a n i c a l p r o b l e m s with t he f lo ta t ion equipment . However , r e -
t r e a t m e n t of concen t r a t e in s m a l l cont inuous equipment f a i l ed to p r o d u c e 
a s a t i s f a c t o r y concen t r a t e g r a d e . 

T r e a t m e n t of the c o a r s e r h e m a t i t e f r a c t i o n f r o m d r y - m i l l e d o r e in 
the cont inuous f lo ta t ion plant gave s a t i s f a c t o r y r e s u l t s a s p r e d i c t e d by 
p r e l i m i n a r y ba tch t e s t s . The h ighes t c o n c e n t r a t e g r a d e obtained in 
cont inuous t e s t s was 95. 1% F e 2 0 3 . 

6. 2. 3 Wet Mil l ing and F lo ta t ion 
Wet mi l l ing , wet s i z e c l a s s i f i c a t i o n and f lo ta t ion w a s ' s u c c e s s f u l l y 

c a r r i e d out on a continuous b a s i s at the r a t e of a p p r o x i m a t e l y l/z ton of 
f eed p e r hour . 

The g r a d e of concen t r a t e obtained v a r i e d , on an 8 - h o u r sh i f t b a s i s 
f r o m a p p r o x i m a t e l y 75 to 90% F e 2 0 3 and a bulk s a m p l e of approx imate ly : 9 
tons of m a t e r i a l p roduced contained 82. 9% F e 2 0 3 . 

R e - t r e a t m e n t of concen t r a t e f r o m the V2 ton p e r hour pilot plant in a 
s m a l l f lo ta t ion c i r cu i t u s ing t h r e e s t a g e s of f lo ta t ion gave a c o n c e n t r a t e 
g r a d e of 91. 9% F e 2 0 3 . Such m a t e r i a l m e e t s the g r a d e r e q u i r e m e n t s of 
we ld ing- rod coa t ings , but does not m e e t the r e q u i r e m e n t s f o r c e r a m i c 
magne t i c powder . 

7. CONCLUSIONS 

7. 1 L a b o r a t o r y T e s t i n g 

M a t e r i a l su i tab le f o r u s e s in we ld ing - rod coa t ings can be p roduced by 
f lo ta t ion of ground Malcom C r e e k o r e . 

M a t e r i a l su i tab le a s a f i l l e r in s t r u c t u r a l pa in t s can be p roduced by 
mi l l ing of f lo ta t ion concen t r a t e . 

F u r t h e r s i z e r educ t ion by m i c r o n i s i n g p r o d u c e s a p igment which, m a y 
f ind appl ica t ion in c o n c r e t e o r c e r a m i c p r o d u c t s . A b lack p igment can be 
p roduced by r o a s t i n g m i c r o n i s e d m a t e r i a l in a r educ ing a t m o s p h e r e . 

7. 2 Cont inuous P i l o t - S c a l e T e s t i n g 

The fol lowing conc lus ions have been r e a c h e d f r o m p i l o t - s c a l e t e s t s : 

1. D r y mi l l ing of o r e to the d e s i r e d p roduc t s i z e fol lowed 
by f lo ta t ion i s not an a t t r a c t i v e t r e a t m e n t method. 
Although up to 20% of f eed can be r e j e c t e d with low 
h e m a t i t e l o s s by s i z e c l a s s i f i c a t i o n of mi l l ed o re , 
wea r r a t e on mi l l ing equipment is high, and subsequent 
f lo ta t ion concen t ra t ion of the f i ne s t f r a c t i o n of the 
mi l l ed o r e i s d i f f icul t . 



19 

2. Wet mi l l ing of o r e fol lowed by f lo ta t ion with two 
s t a g e s of c lean ing is capable of ma in ta in ing a 
c o n c e n t r a t e g rade of 85-90% F e 2 0 3 a t a r e c o v e r y 
of a p p r o x i m a t e l y 90%. However , it i s impor t an t 
to o p e r a t e the m i l l with c l o s e d - c i r c u i t s i z e 
c l a s s i f i c a t i o n equipment which will a l low a 
su i t ab le m a x i m u m f lo ta t ion feed s i z e to be 
main ta ined without p roduc ing e x c e s s i v e f ine 
m a t e r i a l , which l o w e r s the f lo ta t ion se lec t iv i ty . 
The c o n c e n t r a t e p roduced by wet mi l l i ng and 
f lo ta t ion will thus be c o a r s e r than that d e s i r e d 
f o r s o m e end u s e s , and wil l r e q u i r e f u r t h e r s i z e 
r educ t ion with a consequent p a r t i a l b r e a k - d o w n 
of the g r e y - b l a c k co loura t ion to a r e d d i s h tone. 
T h i s i s accep tab l e , within l i m i t s , f o r pa in t -
f i l l e r g r a d e m a t e r i a l . 

3. The m a x i m u m g r a d e of c o n c e n t r a t e p r a c t i c a b l y 
obta inable by f lo ta t ion of h e m a t i t e with f a t t y -
ac id c o l l e c t o r s , even with n u m e r o u s c lean ing 
s t a g e s , i s c o n s i d e r e d to be a p p r o x i m a t e l y 95% 
F e 2 0 3 , 
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APPENDIX A 

T Y P I C A L AUSTRALIAN CONSUMER SPECIFICATION 

Iron Oxide, Micaceous , f o r Welding-Rod Coat ing 

S c r e e n A n a l y s i s : 

Grade 100 m e s h 

Reta ined on 44 m e s h BSS s i eve 

Re ta ined on 60 m e s h BSS s i eve 

P a s s i n g 60 m e s h - r e t a i n e d 100 m e s h 
BSS s ieve 

P a s s i n g 200 m e s h 

C h e m i c a l Ana lys i s : 

Si l ica, S i0 2 

Alumina , Al2Oa 

F e r r i c Oxide, F e 2 0 3 

F e r r o u s Oxide," F e O 

Sulphur 

T e s t s Requ i r ed : 

Spec t rog raph ic c o m p a r i s o n . 

C h e m i c a l a n a l y s i s - F e 2 0 3 . 

Sc r een Ana lys i s . 

Nil 

2% max . 

30% max. 

50% max . 

7% max . 

0. 4% max . 

90% max. 

Nil 

0. 05% max . 



APPENDIX A 

T Y P I C A L AUSTRALIAN CONSUMER SPECIFICATION 

Micaceous I ron Oxide, Pa in t , F i l l e r Grade 

G e n e r a l Desc r ip t ion : 

A n a t u r a l l y o c c u r r i n g fo l i a ted m i c a c e o u s i ron oxide with c h a r a c t e r i s t i c 
s t e e l - g r e y (graphi t ic ) a p p e a r a n c e and r e d under tone . Supplied a s a f i ne 
d r y powder . 

Safe ty P r e c a u t i o n s : 

T h i s p igment conta ins s i l i c e o u s m a t e r i a l and m u s t be c o n s i d e r e d a s 
toxic . Dust r e s p i r a t o r s should be worn when handl ing it. 

Spec i f ica t ion: 

A. Rout ine Con t ro l 

T e s t L i m i t s Method 

Colour ( s t ra igh t ) 

F i n e n e s s 

C o a r s e p a r t i c l e s 

Oil a b s o r p t i o n 

M o i s t u r e 

C lose to s t a n d a r d 

Equa l to s t a n d a r d 

1% r e t a i n e d on 200 BS m e s h 
s i eve - m a x i m u m 

8. 5 to 11 .5 ( a ) 

0. 5% m a x i m u m 

ASTM 101.1 o r 101.2 

121. 1 

122. 1 

551 .1 

260. 1 o r 260. 2 

B. Addi t ional Con t ro l T e s t s to be c a r r i e d out P e r i o d i c a l l y 

T e s t L i m i t s Method 

I ron oxide content 

W a t e r so luble 

G e n e r a l In fo rma t ion : 

8 0% m i n i m u m a s F e 2 0 3 

0. 3% m a x i m u m 

ASTM 405. 2 

553. 1 

T h i s m a t e r i a l con ta ins an a v e r a g e of 17% SiOz and s i l i c eous m a t t e r . 
A p p r o x i m a t e l y 0. 7% T i 0 2 and 1. 5% CaO,. MgO and Alka l i e s . It i s used, a s 
the p r i m e p igment in Da rk Meta l l i c Grey Roof P a i n t s . The spec i f i c 
g rav i ty v a r i e s f r o m 4. 39 to a p p r o x i m a t e l y 5. 0. 

(a) The d e t e r m i n a t i o n of the end point of the oil a b s o r p t i o n is a d i f f icu l t 
m a t t e r with t h i s p igment . 
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EXTRACTS FROM BRITISH STANDARD 3981 : 1966 

Spec i f ica t ion f o r I ron Oxide P i g m e n t s f o r P a i n t s 

C l a s s i f i c a t i o n of P i g m e n t s i 

Co lour 

C l a s s 

F o r m e r BS d e s c r i p t i o n 

F e 2 0 3 content p e r c e n t by weight 
(min imum) 

G r a d e s and types 

P r o p e r t i e s of P i g m e n t s : 

C l a s s 

D e s c r i p t i o n of oxides 

Res idue on s i eve of nomina l 
a p e r t u r e 63JJL 

N o r m a l r a n g e of oil a b s o r p t i o n 
va lues 

W a t e r cove r ing a r e a 

Volat i le m a t t e r at 105°C 

M a t t e r so luble in wa te r 

pH of e x t r a c t 

Soluble c h l o r i d e s 

Content of c a r b o n a t e s 

Content of su lphur and su lphur 
compounds o ther than insoluble 
su lpha te s 

Black 

8 

None ( m i c a c e o u s i ron oxide) 

85 

Single g r a d e and type 

Micaceous i ron 

10. 0 

Not r e q u i r e d 

300 

1. 0 

0. 5 

6 

0. 1 

0. 5 

3. 5 (a) 

(a) By a g r e e m e n t be tween vendor and p u r c h a s e r , t h i s l im i t m a y 
be r educed . 



APPENDIX D 

R E P O R T ON ANALYSIS OF MICACEOUS HEMATITE 

Commonwea l th of A u s t r a l i a 

D e p a r t m e n t of Supply-

A d d r e s s a l l C o m m u n i c a t i o n s to 
B r a n c h Super in tendent , and quote 
F i l e No. 1/988 

TS66-826 
BW 

Submit ted by: 

R e f e r e n c e : 

Desc r ip t i on : 

Date Rece ived : 

RESULTS OF ANALYSIS: 

Defence S t anda rds L a b o r a t o r i e s 
South A u s t r a l i a n B r a n c h 

Box 1935 P , GPO Adela ide 
South A u s t r a l i a 

23rd S e p t e m b e r , 1966 

Micor P t y Ltd 
100 C u r r i e S t r ee t , 
Adela ide , S .A. 

O r d e r No. 4 dated 8 / 9 / 6 6 . 

Micaceous H e m a t i t e submi t t ed f o r examina t ion 
a s a paint p igment . 

8 / 9 / 6 6 . 

The r e s u l t s of c h e m i c a l and phys i ca l a n a l y s i s 
a r e se t out below: 

I ron a s f e r r i c oxide (Fe 2 0 3 ) 82. 3 p e r cent 

M a t t e r insoluble in 
h y d r o c h l o r i c ac id 15. 3 p e r cent 

Sulphate (S04) 0. 01 p e r cent 

W a t e r so luble m a t t e r 0. 10 p e r cent 

Wate r at 105°C (mo i s tu r e ) 0. 10 p e r cent 

pH 6. 5 

Speci f ic g rav i ty 4. .48 

Oil a b s o r p t i o n (ASTM D281-31) 131b/l001b 
p igment 

(J . F . McNeil) 
BRANCH SUPERINTENDENT 

Repor t No. TS66-826 



TABLE 1: SIZE DISTRIBUTION OF IMPORTED PIGMENTS 

Red 10F 

P a r t i c l e Size Weight 
M- % 

+25 .2 1.4 
-25 . 2 +18. 7 1.. 7 
-18 . 7 +13. 1 2. 9 
- 1 3 . 1 + 8 . 7 4. 0 
- 8.. 7 + 6. 7 3 .6 
- 6 . 7 86 .4 

100. 0 

Black 318F 

P a r t i c l e Size Weight 
(J- % 

+ 2 3 . 5 3 . 0 
-23 . 5 +18. 2 2. 1 
-18 . 2 +12. 8 3. 5 
- 12. 8 + 8. 4 4. 0 
- 8. 4 + 6. 5 2 . 6 
- 6. 5 8 4 . 8 

100. 0 

T A B L E 2: PRELIMINARY FLOTATION TESTING 

P r o d u c t " Weight Fe2Q3% 
% 

A s s a y Dis t r ibu t ion 

C l e a n e r c o n c e n t r a t e 4 9 . 3 8 7 . 6 70 .9 
C l e a n e r t a i l ing 2 0 . 3 6 3 . 8 2 1 . 2 
Rougher ta i l ing 30 .4 15.9 7 . 9 

100.0 6 3 . 0 100.0 



T A B L E 3: DRY MILLING AND CLASSIFICATION 

P r o d u c t Weight % 
approx . 

A i r c l a s s i f i e r f ines 36 
6 0 - m e s h s c r e e n u n d e r s i z e 42 

To ta l h e m a t i t e p roduc t 78 

6 0 - m e s h s c r e e n o v e r s i z e (quar tz r e j e c t ) 22 

100. 

T A B L E 4: BATCH FLOTATION OF PRODUCTS FROM DRYMILLING 

F r a c t i o n P r o d u c t W e i g h t . Fe2Q3% 
% 

A s s a y Dis t r ibu t ion 

C l a s s i f i e r f i nes : F lo ta t ion c o n c e n t r a t e 48. 1 88. 0 64. 3 
Combined middl ings 40. 8 51. 6 32. 0 
F lo ta t ion ta i l ing 11. 1 21. 8 3. 7 

100. 0 65. 9(a) 100. 0 

S c r e e n u n d e r s i z e : F lo ta t ion concen t r a t e 56. 2 94. 0 81. 3 
( f r o m c l a s s i f i e r Combined middl ings 16. 8 63. 1 16. 3 
c o a r s e f r ac t ion ) F lo ta t ion t a i l ing 27. 0 5. 8 2. 4 

100. 0 64. 9(a) 100. 0 

(a) Ca lcu la ted va lues . 
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T A B L E 5! SIZE DISTRIBUTION OF BATCH FLOTATION PRODUCTS 

Weight % 

C o n c e n t r a t e f r o m C o n c e n t r a t e f r o m 
c l a s s i f i e r f i n e s f r a c t i o n S c r e e n u n d e r s i z e f r a c t i o n 

+ 60 Nil T r a c e 
- 6 0 + 8 0 T r a c e 2. 6 
- 80 +120 T r a c e 9. 8 
-120 +170 0. 6 13. 9 
-170 +240 1. 0 17. 5 
-240 +350 1. 1 18. 2 
-350 97. 3 38. 0 

100. 0 100. 0 

S c r e e n Mesh 
BSS 

T A B L E 6: SIZE DISTRIBUTION OF GRINDING AND 
CLASSIFICATION FRACTIONS 

Mesh Weight % 
BSS 

B a l l - m i l l Cyclone Sieve-bend S ieve-bend 
D i s c h a r g e Overf low U n d e r s i z e O v e r s i z e 

+! 22 T r a c e Nil Nil T r a c e 
- 2 2 + 3 0 0. 2 Nil 0. 2 0. 2 
- 3 0 + 4 4 0. 8 Nil 1. 2 1. 0 
- 4 4 + 6 0 2. 2 T r a c e 3. 6 3. 0 
- 6 0 + 8 5 4. 1 0. 3 5. 7 5. 6 
- 85 +120 8. 4 1. 1 10. 3 11. 4 
-120 +170 18. 1 5. 8 18. 7 22. 2 
-170 +240 17. 1 13. 6 16. 3 17. 4 
-240 +350 12. 3 10. 0 10. 2 11.2 
-350 36. 8 69. 2 33. 8 28. 0 

100. 0 100.0 100.0 100. 0 



T A B L E 7: DATA FROM WET MILLING AND FLOTATION 

P r o d u c t Pulp 
Solids 

% 

Weight ( a ) % A s s a y 
Fe 2 0 3 % 

Mill d i s c h a r g e 
Cyclone under f low 
Cyclone over f low 
Sieve-bend u n d e r s i z e 
S ieve-bend o v e r s i z e 

Grinding and C l a s s i f i c a t i o n 

55 
69 
35 
43 
65 

100 
33 
67 
16 
17 

53. 1 
56. 7 
49. 3 
65. 3 
53. 6 

F lo ta t ion 

Rougher c o n c e n t r a t e 
Scavenge r concen t r a t e 
C l e a n e r c o n c e n t r a t e 
R e - c l e a n e r concen t r a t e 
Scavenger t a i l ing 

55 
15 
56 
53 
15 

70 
70 
66 
62 
38 

78. 4 
78. 4 
83. 0 
88. 0 
14. 4 

(a) A p p r o x i m a t e weight % of Mil l d i s c h a r g e . 
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F I G . l : F L O W S H E E T F O R / P I L O T - S C A L E 
D r y m i l l i n g a n d c l a s s i f i c a t i o n 
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F I G . 2: F L O W S H E E T F O R P I L O T - S C A L E 
F l o t a t i o n of d r y m i l l e d c l a s s i f i e r f i n e s 
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FIG. 3: FLOW SHEET FOR PILOT-SCAIJE 
Wet mi l l ing and f lota t ion of o r e 
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