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S U M. M A R Y. 
crasriEsiirtct.-jŝ a'.̂ 'tstsriaiia 

. Chemical h e n e f i c i a t i o n has he en examined a s a 

means of improving the w h i t e n e s s of c l a y s f rom T e a - t r e e 

G u l l y , Mt„ Crawford and 3irdwood. 

I t has "been concluded t b a t such t r e a t m e n t 

would he uneconomic f o r t h e s e c l a y s . 



t JN'giqDUCTIOH : 

In many i n d u s t r i a l a p p l i c a t i o n s such a s i n paper 

manufacture thy s u i t a b i l i t y of a c l a y i s dependent upon i t s 

c o l o r , the most a c c e p t a b l e c l a y s b e i n g t h o s e which a r e a l m o s t 

pure w h i t e . 

Some l o c a l c?.ays have a r e s t r i c t e d use i n i n d u s t r y 

b e c a u s e t h e y a r e below t h e r e q u i r e d s tandard of w h i t e n e s s . 

R e d u c t i o n or e l i m i n a t i o n of t h e i r c o l o r by some s imple 

c h e m i c a l t r e a t m e n t was c o n s i d e r e d a s a means o f e x t e n d i n g the 

u s e f u l n e s s of such claj/'s. T h i s r e p o r t d e s c r i b e s some 

p r e l i m i n a r y work c a r r i e d out on t h r e e l o c a l c l a y s . 

,2.. . MTBEIAL, M I M I E W s 

The f o u r samples of c l a y examined i n t h i s 

i n v e s t i g a t i o n were e l u t r i a t e d p r o d u c t s prepared by the 

M e t a l l u r g y S e c t i o n . 

The samples were a p p r o x i m a t e l y 500 g . in w e i g h t , 

and were d e s c r i b e d a s f o l l o w s i -

Sampl.e_No, D e s c r r n t i o n . 

M.37 T e a - t r e e G u l l y - f i n a l washed p r o d u c t . 
M. 38 Mt. Crawford " " " 
M.39 3irdwood - f i n e washed p r o d u c t . 
M.,40 xiirdwood - c o a r s e washed p r o d u c t 

^ S U g H f ; 

2^1 - l e a c h i n g t e s t s were c a r r i e d out i n 400 ml. and 

600 ml, b e a k e r s , r e l y i n g on the a g i t a t i o n caused by b o i l i n g 

t o keep t h e c l a y suspended in t h e r e a g e n t s o l u t i o n . Vacuum 

f i l t r a t i o n on Buchner f u n n e l s was found t o be s a t i s f a c t o r y 

and r e a s o n a b l y r a p i d . P r o d u c t s were d r i e d i n a n a i r oven a t 

60° t o 70°C. , and t h e d r i e d p r o d u c t s re-ground i n a Wedgwood 

m o r t a r . 

- ^o o b t a i n a c c u r a t e comparisons of the d e g r e e of 

w h i t e n e s s of the p r o d u c t s , a G.M. Mark I I f l u o r i m e t e r was 

m o d i f i e d f o r use a s . a r e f l e c t a n c e meter . 3y s u i t a b l e 

a d j u s t m e n t of s e n s i t i v i t y , i t was found p o s s i b l e t o s e t the 



' 3. 

instrument t o g i v e z e r o r e a d i n g w i t h an empty s l i d e , and f u l l 

s c a l e d e f l e c t i o n w i t h f i n e l y ground magnesium carbonate 

packed i n t o a p la t inum d i s h and p l a c e d i n the s l i d e . C l a y 

p r o d u c t s were s i m i l a r l y p l a c e d i n the instrument and the 

r e f l e c t a n c e was road d i r e c t l y a s a p e r c e n t a g e of t h a t o b t a i n e d 

from magnesium carbonate, , 

1.JL - I g n i t i o n t e s t s wore c a r r i e d out i n p o r c e l a i n 

c r u c i b l e s in an a i r atmosphere m u f f l e (nichrome wound) a t 

t e m p e r a t u r e s t o 950°0o 

4„ ANCILL^iY U?S 5 

T e s t s wore c a r r i e d out u s i n g h y d r o c h l o r i c a c i d , 

n i t r i c a c i d , s u l p h u r i c a c i d w i t h sodium f l u o r i d e , sodium 

c a r b o n a t c , sodium b i - c a r b o n a t e ; sodium h y d r o x i d e , sodium 

s u l p h i t e , sodium n i t r i t e and "hicaching powder ( c h l o r i d e of 

l i m e ) a s p o s s i b l e l e a c h i n g or b l e a c h i n g a g e n t s . 

F i n e l y ground magnesium c a r b o n a t e (A.R. g r a d e ) was 

used a s a s tandard of 100 per c e n t r e f l e c t a n c e . 

5 . PRC .̂SDURg ; 

5,JL - Coaching . 

P r e l i m i n a r y t e s t s in t h e M e t a l l u r g i c a l L a b o r a t o r i e s , 

u s i n g d i l u t e s u l p h u r i c a c i d w i t h and w i t h o u t r e d u c i n g a g e n t s 

such a s sodium s u l p h i t e , had been u n s u c c e s s f u l . . I t was 

d e c i d e d , t h e r e f o r e , t o employ more d r a s t i c t r e a t m e n t i n i t i a l l y 

t h a n would be d e s i r a b l e c o m m e r c i a l l y and i f any t r e a t m e n t 

were s u c c e s s f u l , then t h e minimum c011centrat ion of r e a g e n t 

and other c o n d i t i o n s n e c e s s a r y cou3.d bo determined. 

The procedure adopted c o n s i s t e d of b o i l i n g t h e 

cample w i t h t h e v a r i o u s r e a g e n t s , a t a pulp d e n s i t y of 5 p e r 

c c n t s o l i d s . , for 45 minutes to 1 hour. The hot s o l u t i o n s 

were f i l t e r e d on a 2uchner f u n n e l and t h e r e s i d u e s washed 

s e v e r a l t i m e s w i t h w a t e r , d r i e d a t 60° 7 0 ° C , , re-ground 

and then compared w i t h t h e o r i g i n a l s , b o t h v i s u a l l y and by 

r e f l e c t a n c e measurement. 



»JSK I."'- f.r 

4. 

JzJl - Reff^fctanc.e moasurGme.n.'bs., 

Using the m o d i f i e d Cr,M. Mark I I F l u o r i m e t e r , 

r e f l e c t a n c e measurements wore made on the c l a y p r o d u c t s and 

on t h e samples a s r e c e i v e d . Samples were -packed i n t o 

p l a t i n u m d i s h e s ( 1 . 5 cm, d iameter) u s i n g a s p a t u l a t o o b t a i n 

a s u r f a c e a s smooth and l e v e l a s p o s s i b l e . Constant c h e c k s 

of t h e zero and 100 p e r c e n t s e t t i n g of t h e i n s t r u m e n t were 

made u s i n g t h e empty s l i d e , c o m p l e t e l y b l a c k e n e d , a s z e r o , 

and a d i s h packed w i t h magnesium c a r b o n a t e a s 100 per c e n t . 

A s t a n d a r d d e v i a t i o n i n p r e c i s i o n of t h e o r d e r of 1 . 5 p e r 

c e n t was o b t a i n e d from t h e s e measurements, u s i n g a f r c s h l y -

packed p l a t i n u m d i s h f o r e a c h r e a d i n g . This was c o n s i d e r e d 

t o bo s u f f i c i e n t l y a c c u r a t e t o enable compar isons t o be nude. 

5T 3 - . I g n i t i o n t e s t s , . 

A l t h o u g h i t was a p p r e c i a t e d t h a t i g n i t i o n of t h o 

c l a y s would d e s t r o y t h e i r d e s i r a b l e p r o p e r t i e s f o r u s e a s 

f i l l e r s , some of the p r e p a r e d p r o d u c t s t o g e t h e r w i t h t h e 

o r i g i n a l samples were i g n i t e d f o r an hour a t 950°C. i n an a i r 

atmosphere m u f f l e in. open p o r c e l a i n c r u c i b l e s . The c o l o u r 

of tho i g n i t e d p r o d u c t s gave an i n d i c a t i o n of t h o amount of 

i r o n r e m a i n i n g . In some c a s e s the w h i t e n i n g of the sample 

by i g n i t i o n showed t h a t the c o l o r a t i o n of the c l a y o r p r o d u c t 

was n o t due t o i r o n . 

6.,.. I^I^RJLMSHTAI RESULTS ; 

6^1 V-isuai... .Comi-g.rison. 

Table 1 i n d i c a t e s t h e a p p e a r a n c e of p r o d u c t s 

o b t a i n e d by t r e a t m e n t w i t h the r e a g e n t s shown. 

6r„2 - R_efl.ec.ta.nce. J e a s u r o m e n t s . 

Table 2 shows the r e f l e c t a n c e .of t h e c l a y s and 

some of t h e p r o d u c t s , expressed a s a p e r c e n t a g e of t h e 

r e f l e c t a . n c e o b t a i n e d from f i n e l y ground magnesium c a r b o n a t e 

(A.R, g r a d e ) . 
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9 6. 

V . * 

EfFaC'I Off CI-nDMICAxi 'IRSAi'JErJT, 

R 3 A G ; : ; N T^ REACTANCE {%) 
. - - Q M < 3 g - M;4Q 

N: LI 80 90 87 78 

1 N HCl 81 96 91 81 

jp 
2 N HCl 82 97 92 82 

V 
V/ 2 N HCl f o l .lowed by 1 N HE12CO3 82 96 92 82 

1 I H9SO4 - O.-Ol N Naff 80 9 6 89. 8 1 

2 I KgoO^ -! 0 ,1 N Naff - - 91 -

1 N HNO3 - - 90 -

• 1. N NapCOj 78 92 8 9 79 

1 I NaOIi - - 87 -

6,„3. - S f f ec;t nof , . .Ignition , 

Table 3 l i s t s the c h a n g e s , judged v i s u a l l y , which 

o c c u r r e d on i g n i t i o n a t 950°C, of p o r t i o n s of the p r o d u c t s 

f o r one hour in a i r , 

TALLE . 

CHANGE IN COLOUR ON IGNITION, 

RiSAGENT M, 37 M, 38 M.39 M, 40 

N i l fawn t o 
p i n k . 

o f f - w h i t e 
to v e r y 
l i g h t l i n k 

l i g h t cream 
t o l i g h t 

p i n k . 

l i g h t cream 
t o l i g h t 

p i n k . 

1 N HCl l i g h t g r e y 
t o e ream. 

of f -rwliite 
to w h i t e . 

l i g h t - cream 
t o eff-white. 

1 i g h t • cream 
t o off-white. 

1 N Na^COj fawn t o 
p i n k . 

o f f - w h i t e 
t o v e r y 

1 i g h t ptuk. 

l i g h t cream 
t o l i g h t 

p i n k . 

l i g h t cream 
to l i g h t 

p i n k . 

1 N 
o7 i 

I I 9 S O 4 + 
, N Naff, 

l i g h t g r e y 
t o cream. 

e f f - w h i t e 
to w h i t e . 

l i g h t • cream 
t o off-white. 

l i g h t - cream 
t o eff-white. 

1 I NaOH l i g h t cream 
t o l i g h t 

p i n k . 

1 E E N O 3 l i g h t cream 
t o l i g h t 

p i n k . 



I t uas c o n s i d e r e d t h a t t h e most l i k e l y c a u s e s of 

c o l o u r i n t h e s e c l a y s were. 

1 „ iron-, a s l i m o n i t e . 
2„ o r g a n i c m a t t e r , 

o t h e r co loured minera ls . . 

'.Vhile c o l o u r due to c e r t a i n r e f r a c t o r y mineral, 

i m p u r i t i e s would not be e a s i l y removed, i t was c o n s i d e r e d 

t h a t a c i d l e a c h i n g would remove l i m o n i t i . c i r o n i f p r e s e n t and 

t h a t c a r b o n a t e l e a c h i n g would p r o b a b l y a t t a c k o r g a n i c m a t t e r . 

An examinat ion of t h e r e s u l t s t a b u l a t e d a^ove 

shows t h a t some improvement of a l l samples was o b t a i n e d by 

l e a c h i n g w i t h h y d r o c h l o r i c a c i d or w i t h - s u l p h u r i c a c i d and 

f l u o r i d e . A l t h o u g h the c o l o u r changed, Sample M,37 gave 

v e r y l i t t l e improvement in r e f l e c t a n c e , However, i g n i t i o n 

t e s t s conf i rmed t h a t most of t h e i r o n bad been removed, t h a t 

i s , t h e p i n k c o l o u r due to f e r r i c oxide did not d e v e l o p on 

i g n i t i o n , a l t h o u g h a cream c o l o u r s t i l l remained a f t e r 

i g n i t i o n . 

Samples M.39 and M.40 behaved s i m i l a r l y , and much 

l e s s c o l o u r remained a f t e r i g n i t i o n . In t h e s e t h r e e samples 

i t i s e v i d e n t t h a t p a r t of t h e c o l o r a t i o n i s due n e i t h e r t o 

l i m o n i t i c i r o n nor t o o r g a n i c m a t t e r a s i t i s not d e s t r o y e d 

by a c i d d i g e s t i o n or by i g n i t i o n . There a p p e a r s to be no 

l i k e l i h o o d of o b t a i n i n g s a t i s f a c t o r y improvement of t h e s e 

samples by l e a c h i n g . 

The b e s t improvements i n r e f l e c t a n c e f o r a l l 

samples were o b t a i n e d w i t h 2 normal h y d r o c h l o r i c a c i d . 

R e t r e a t i n g t h e same samples w i t h 1 normal sodium c a r b o n a t e 

t o remove any f u r t h e r o r g a n i c m a t t e r showed no f u r t h e r 

improvement, a l t h o u g h w i t h Samples M.38 and M. 39, d i r e c t 

sodium c a r b o n a t e l e a c h i n g load produced a s l i g h t improvement 

i n r e f l e c t a n c e . I t i s apparent t h a t any o r g a n i c m a t t e r 

d i s s o l v e d by sodium c a r b o n a t e s o l u t i o n i s a l s o d i s s o l v e d by 

a c i d l e a c h i n g . 



8. 

Sample M,38 was the w h i t e s t c l a y of t h e f o u r 

r e c e i v e d and a l s o showed t h e maximum improvement i n r e f l e c t -

a n c e by a c i d l e a c h i n g , namely f rom 90 to 97 per c e n t . The 

a c i d - t r e a t e d p r o d u c t s when i g n i t e d were a l m o s t pure w h i t e , 

i n d i c a t i n g t h a t t h e c o l o u r remaining was p o s s i b l y due t o 

o r g a n i c m a t t e r . However, a r e - t r e a t m e n t , u s i n g sodium 

c a r b o n a t e , did n o t improve the r e f l e c t a n c e , and t h e use of 

b l e a c h i n g powder w i t h h y d r o c h l o r i c a c i d made no d i f f e r e n c e t o 

t h e p r o d u c t . I t i s a p p a r e n t t h a t t h e r e m a i n i n g c o l o u r i s 

d i f f i c u l t to remove by means o t h e r than i g n i t i o n . 

Sample M„37 showed no s i g n i f i c a n t improvement w i t h 

a c i d , a l k a l i or b i . caching a g e n t s . 

Sampl e M. 38 was improved to a l a r g e e x t e n t by a c i d 

t r e a t m e n t , but the remaining c o l o u r c o u l d not ^q removed 

e x c e p t by i g n i t i o n . 

Samples Mc39 and M.40 were improved to a smal l 

e x t e n t by a c i d l e a c h i n g but t h e r e s u l t was not c o n s i d e r e d to 

bo s i g n i f i c a n t , t h e b e s t r e f l e c t a n c e measurements b e i n g 92 and 

82 per cent r e s p e c t i v e l y . 

In g e n e r a l , no improvement was o b t a i n e d w i t h o x i d i s -

i n g o r r e d u c i n g a g e n t s such a s b l e a c h i n g powder er sodium 

s u l p h i t e . A l k a l i n e t r e a t m e n t s were a l s o not e f f e c t i v e . 

Of t h e a c i d t r e a t m e n t s , h y d r o c h l o r i c a c i d was t h e most 

e f f e c t i v e , a l t h o u g h s u l p h u r i c a c i d w i t h sodium f l u o r i d e was 

a l m o s t a s good. The e f f e c t i v e n e s s of 2 norma! a c i d s was 

1 i t t l e b e t t e r than 1 normal a c i d s and i t i s 1 i k e 1 y t h a t much 

weaker a c i d could be used on a c l a y amenable t o t r e a t m e n t , 

such a s Sample M.38. 

As no s i g n i f i c a n t g e n e r a l improvement was a c h i e v e d 

w i t h t h e s e f o u r samples, the f u r t h e r work n e c e s s a r y to 

determine the minimum a c i d i t y r e q u i r e d f o r 1 eaching was not 

c a r r i e d out . 
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i'lie r e s u l t s i n d i c a t e t h a t on"1 y i n the c a s e of 

Sample M. 33 i s a l e a c h i n g t reatment l i k e l y to g i v e a s i g n i f i -

c a n t improvement i n t h e degree of w h i t e n e s s of t h e c l a y . 

No a c c u r a t e e s t i m a t e can be made of the t o t a l c o s t 

of such t r e a t m e n t but the c o s t of l e a c h i n g w i t h 1 normal 

h y d r o c h l o r i c a c i d would be o f the o r d e r of £4 p e r ton of c l a y 

t r e a t e d , a s shown below 

Agsumot ions, 2 -
Cost of c o n c e n t r a t e d h y d r o c h l o r i c 

a c i d £40 p e r t o n . 
L e a c h i n g s o l u t i o n 1 normal h y d r o c h l o r i c 

a c i d . 
Pulp d e n s i t y 30 p e r cent s o l i d s . ' 
Ac id a v a i l a b l e f o r r e - c y c l i n g 50 p e r c e n t oft o r i g i n a l . 

C a 1 c u 1 _a t. i o ns 
In 100 l"b, of p u l p , 30 l b , c l a y i s l e a c h e d w i t h 

70 l b , 1 N KCl, 
Acid consumption i s then 35 l b s , 1 N KCl p e r 50 l b . 

of c l a y t r e a t e d , equal to a p p r o x i m a t e l y 3 l b s . 
c o n c . KCl p e r 30 l b . c l a y o r 200 l b s . a c i d p e r 
ton of c l a y . 

Cost of h y d r o c h l o r i c a c i d = £4 per ton of c l a y t r e a t e d . 

S u l p h u r i c a c i d and f l u o r i d e l e a c h i n g would p r o b a b l y 

bo somewhat cheaper depending 011 t h e a v a i l a b i l i t y and c o s t of 

f l u o r i t o (CaP2) or o t h e r f l u o r i d e . 

I t i s c o n s i d e r e d t h a t t h e m a t e r i a l s c o s t would 

p r o b a b l y bo uneconomic u n l e s s a g r e a t e r d e g r e e of improvement 

than t h a t i n d i c a t e d by t h e above t e s t s was o b t a i n e d . 
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