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ABSTRACT. 

A complete a n a l y s i s has been made- of a 

s tandard Radium H i l l c o n c e n t r a t e . Both Chemical and 

S p e c t r o g r a p l i i c t e c h n i q u e s were used and an o u t l i n e i s 

g i v e n of the methods used and d e v e l o p e d d u r i n g the 

a n a l y s i s . 

1 . Summary. 

An a n a l j r s i s of a s tandard Radium H i l l 

C o n c e n t r a t e , mark U3/40324, a s s a y no. 3879 1 0 / l / 5 5 , 

was undertaken. Standard a n a l y t i c a l procedures were 

not r e a d i l y a d a p t a b l e and d i f f i c u l t i e s had t o be 

overcome i n c a r r y i n g out the f u l l scheme of group 

s e p a r a t i o n s . F o l l o w i n g modern t r e n d s (26, 36) the 

c o n s t i t u e n t s were p r e f e r a b l y sought i n d i v i d u a l l y with 

the minimum of chemical s e p a r a t i o n s us ing s p e c i f i c 

methods, of d e t e r m i n a t i o n . 

Al though the a n a l y s i s t o t a l s 99.96 per c e n t , 

the a l l o t t i n g of oxygen t o vanadium, uranium and i r o n was 

made on. an e m p i r i c a l b a s i s anoLMs'n^tkecessari ly r e p r e s e n t 

the n a t u r a l o x i d a t i o n s t a t e s of t h e s e c o n s t i t u e n t s . 

The presence of m e t a l l i c i r o n i n the sample made the 

c a l c u l a t i o n of the f e r r i c - f e r r o u s i r o n r a t i o a l s o 

somewhat a r b i t r a r y . 

The complete a n a l y s i s i s g i v e n i n the 

appendix . 

2. I n t r o d u c t i o n . 

This r e p o r t i s an o u t l i n e ' of the methods of 

a n a l y s i s used f o r a complex u r a n i f e r o u s t i t a n i u m o r e , 

Radium H i l l C o n c e n t r a t e , and s e t s , out the procedures used 

with d i s c u s s i o n r e l a t i n g t o t h e reasons f o r t h e i r adoptio: 
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I n t r o d u c t i o n ..cont. 

Where s tandard a n a l y t i c a l methods were used 

only an o u t l i n e of the method i s g i v e n but when a new 

method was deve loped or one adopted which d e v i a t e d from 

e x i s t i n g p r a c t i c e , a more d e t a i l e d procedure i s o u t l i n e d . 

3. A n a l y t i c a l P r o c e d u r e s . 

3 . 1 . S i l i c a (SiOo) 

The ore was f u s e d with potassium b i s u l p h a t e , 

l e a c h e d and f i l t e r e d . The r e s i d u e was f u s e d with sodium 

carbonate and f o l l o w e d by a double e v a p o r a t i o n with 

HCl. The crude s i l i c a was weighed, t r e a t e d with KF and 

the l o s s i n weight r e p o r t e d a s s i l i c a . 

Procedure . 

Weigh 0.5 g of ore i n t o a s i l i c a c r u c i b l e and 

f u s e with 5 g of p r e f u s e d KHSO4. When c o o l l e a c h the 

melt in. 50 ml water c o n t a i n i n g 5 ml HCl and 10 ml I-^SO^', 

warming o n l y a l i t t l e to a i d s o l u t i o n . Rinse c r u c i b l e 

and f i l t e r through Whatman 44 papers and wash w i t h 5 

per cent I-I2SO4. I g n i t e paper i n a plat inum c r u c i b l e and 

f u s e with NagCO^ equal to 10 t i m e s the weight of r e s i d u e 

at l e a s t 1 g whichever i s the g r e a t e r . Evaporate the 

s i l i c a t w i c e as u s u a l ( 2 1 ) . I g n i t e s i l i c a a t 950°C and 

weigh. T r e a t with a few ml o f KF - H2SO4 and reweigh 

r e p o r t i n g . l o s s i n weight as s i l i c a . Fuse res idue with 

KHSO4, l e a c h . a n d add both t h i s and the s i l i c a f i l t r a t e 

to the o r i g i n a l s o l u t i o n . 

3 . 2 . General A n a l y s i s scheme. 

3 . 2 . 1 . Group 2. 

The volume of the s o l u t i o n was d i l u t e d 

to 250 ml t o g i v e a 2N s o l u t i o n m. t h r e s p e c t to I^SO^. 

H2S was p a s s e d , s u l p h i d e s a l l o w e d to s t a n d o v e r n i g h t 

and t h e n H2S r e p a s s e d n e x t morning. The p r e c i p i t a t e 

was f i l t e r e d on Whatman 44 p a p e r s , washed with 1 per cent 
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HCl - H2S water and t h e paper d i g e s t e d with n i t r i c a c i d 

(17 ml) and p e r c h l o r i c a c i d (7 m l ) . A f t e r the r e a c t i o n 

was complete 5 ml of 1 - 1 HgSO^ was added and the whole 

e v a p o r a t e d t o d r y n e s s . The r e s i d u e was d i s s o l v e d i n 

5 ml of am:"onium a c e t a t e (50 per c e n t ) and p o l a r o g r a p h e d . 

Very l i t t l e l e a d was d e t e c t e d i n d i c a t i n g t o o high an 

a c i d i t y f o r q u a n t i t a t i v e PbS p r e c i p i t a t i o n . Lead was 

then determined ' S e p a r a t e l y on a n o t h e r sample. 

3 . 2 . 2 . Group 3. 

The f i l t r a t e volume was 350-400 ml 

H2S was b o i l e d o f f and 1 g of ammonium p e r s u l p h a t e 

added t o o x i d i s e i r o n and b o i l e d f o r 15 minutes to 

decompose e x c e s s p e r s u l p h a t e . The volume was e v a p o r a t e d t o 

200 ml and Group 3 was p r e c i p i t a t e d with ammonia. The 

p r e c i p i t a t e was f i l t e r e d and washed once, r e d i s s o l v e d 

i n 10 ml IiCl and 10 ml 1 - 1 H 2 S0 4 , d i l u t e d to 50 ml and 

r e p r e c i p i t a t e d , f i l t e r e d and washed s i x t imes with 

2 per cent ammonium c h l o r i d e . 

3 . 2 . 2 . 1 . Group 3 r e s i d u e . 

The r e s i d u e was d i s s o l v e d i n 10 ml of 1 - 1 

I-I2S04, n e u t r a l i s e d with 10 per cent NaOK s o l u t i o n and 

poured i n t o 20 ml w a t e r c o n t a i n i n g 1 g Na2C0^ and 0.5 ml 

H202 (100 volume) b o i l e d f o r 1 minute , s e t t l e d , f i l t e r e d , 

and washed with 2 p e r cent Na2C0^. This was r e p e a t e d t w i c e 

(making a t o t a l of t h r e e p r e c i p i t a t i o n s i n a l l ) . The 

r e s i d u e was d i s s o l v e d i n 10 ml of 1 - 1 H 2 S 0 4 and the i r o n 

and t i t a n i u m d e t e r m i n a t i o n s made. The combined f i l t r a t e s 

were s e t a s i d e f o r chromium, vanadium d e t e r m i n a t i o n s . 

3 . 2 . 2 . 2 . Group 3 f i l t r a t e . 

The combined f i l t r a t e s were evaporated to 

200 ml,' 10 ml e x c e s s ammonia was added to make a 5 per 

cent ammoniacal s o l u t i o n and 40 ml of bromine water 

added, b o i l e d f o r 5 minutes and the manganese d i o x i d e 
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f i l t e r e d o f f and washed with warm w a t e r . The f i l t r a t e 

was a c i d i f i e d and b o i l e d f o r I hour t o remove bromine. 

Ammonium o x a l a t e ' ( 1 0 ml) was added, the s o l u t i o n made 

ammoniacal, s imaered and a l l o w e d t o s tand o v e r n i g h t . 

No p r e c i p i t a t e of ca lc ium was o b s e r v e d , i n d i c a t i n g i t s 

p r e c i p i t a t i o n in Group 3 as s u l p h a t e . 

3. ^ „ Ma r:ne s i a (Ma'O ) 

To the above s o l u t i o n was added 20 ml of 

ammonium phosphate , 30 ml anmonia (to g i v e l 5 p e r c e n t 

s o l u t i o n ) and the magnesium amro.onium phosphate a l lowed to 

p r e c i p i t a t e f o r 24 h o u r s , s t i r r i n g a t i n t e r v a l s f o r t h e 

f i r s t 6-7 h o u r s . The p r e c i p i t a t e was r e p r e c i p i t a t e a and 

i g n i t e d as u s u a l ( 1 7 ) . 

3 . 4 . Lime (CaO) 

A s e p a r a t e d e t e r m i n a t i o n was made by t a k i n g 
i 

0.5 g of ore i n a p lat inum d i s h . N i t r i c a c i d (10 ml) 

and 10 ml KF were added and evaporated to dryness on a 

steam b a t h . A f u r t h e r 2 ml HNO3 and 5 ml KF were added and 

the s o l u t i o n r e - e v a p o r a t e d . This t reatment decomposed the 

s i l i c a t e s l e a v i n g a r e s i d u e of r u t i l e and i l m e n i t e . 

The r e s i d u e was fumed with 5 ml HCIO4, 

d i s s o l v e d i n 5 ml KC1 and 20 ml water and f i l t e r e d . A 

double p r e c i p i t a t i o n o f group 3 was made, f o l l o w e d by the 

u s u a l double o x a l a t e p r e c i p i t a t i o n (16) and i g n i t i o n to l i m e . 

A s p e c t r o g r a p h i c examinat ion of the core r e s i d u e showed 

0.02 per cent CaO and MgO l e s s than/. 0.005 per cent . Magnesia 

could be then determined on the l ime f i l t r a t e i f d e s i r e d . 

3.[5. S t r o n t i a (SrO). 

The i g n i t e d l ime p r e c i p i t a t e was submitted f o r 

s p e c t r o g r a p h i c d e t e r m i n a t i o n of s t r o n t i a and showed 

0.02 p e r cent SrO. 
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; I n g e n e r a l the a n a l y s i s scheme 3 . 2 . 1 . , 3 . 2 . 2 . was 

found to be l o n g , cumbersome and on the whole u n s a t i s f a c t o r y . 

Where s u f f i c i e n t sample i s a v a i l a b l e , i t i s p r e f e r a b l e to 

determine l e a d , t i t a n i u m , i r o n , chromium, vanadium . 

on s e p a r a t e samples. The l i m e , magnesia and s t r o n t i a 

could a l s o be determined from one sample. Methods f o r 

d i r e c t d e t e r m i n a t i o n were s u b s e q u e n t l y deve loped and u s e d , 

thus r e n d e r i n g t h e above scheme of a n a l y s i s u n n e c e s s a r y i n 

f u t u r e work. 
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5. Alumina (Al^O^) 

T h i s p r e s e n t e d the? most d i f f i c u l t problem 

and a d i r e c t d e t e r m i n a t i o n with t h e n e c e s s a r y s e p a r a t i o n s 

was made. 

The ore was f u s e d with potass ium b i s u l p h a t e and 

the a l k a l i , s a l t s removed wi th an ammonia p r e c i p i t a t i o n . The 

p r e c i p i t a t e was d i s s o l v e d i n 10 per cent H2SO4 and T i , Fe,' 

V and p a r t of the r a r e e a r t h s removed w i t h c u p f e r r o n 

p r e c i p i t a t i o n * The f i l t r a t e was a d j u s t e d t o pH 5 and a 

f u r t h e r c u p f e r r o n p r e c i p i t a t i o n made. This c o n t a i n e d A l , 

C r , U, and remaining r a r e e a r t h s . The paper and o r g a n i c 

m a t t e r were d e s t r o y e d w i t h HNO5 and HCIO4. Cr and U were 
i . 

removed by 8-hydroxyquinQ.lihe s e p a r a t i o n with ammonium 

carbonate and hydrogen p e r o x i d e ; The p r e c i p i t a t e c o n t a i n e d 

A1 and r a r e e a r t h s and was d i g e s t e d with MO^ and HCIO4 t o • 

d e s t r o y o r g a n i c n a t t e r . The Aluminium and r a r e e a r t h s were 

p r e c i p i t a t e d with ammoniaV d i s s o l v e d i n HC1 and t h e r a r e 

e a r t h s removed by o x a l i c a c i d . The f i l t r a t e was e v a p o r a t e d 

and o x a l i c a c i d d e s t r o y e d by HNÔ  and HSO4 and a p r e c i p i t a -

t i o n o f aluminium was made with ammonia f o l l o w e d by 

i g n i t i o n and weighing as AI2O3. 

P r o c e d u r e . 

Weigh 0.5 g of ore i n t o a s i l i c a c r u c i b l e and 

f u s e w i t h - 5 g of p r e f u s e d KHSO4. When c o o l l e a c h w i t h 

50 ml o f 10 p e r cent HgSO^, F i l t e r i n t o a 400 ml beaker 

t r a n s f e r r i n g a l l the r e s i d u e to f i l t e r paper . Wash 

w i t h 5 per c e n t H2SO4 and f i n a l l y wi th w a t e r . I g n i t e r e s i d u e 

i n a plat inum c r u c i b l e and remove s i l i c a - w i t h IiF p l u s a 

few drops H2SO4, I g n i t e and f u s e r e s i d u e with 2 g of KHSO4 

and l e a c h i n t o the o r i g i n a l s o l u t i o n . Rinse and remove 

c r u c i b l e . 
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Bring t o the boil", make j u s t ammoniacal 

(2 drops e x c e s s ) and f i l t e r , washing once with 2 per cent 

NH^Cl t o remove most of the a l k a l i s a l t s . Rinse the 

p r e c i p i t a t e from paper and d i s s o l v e i n 100 ml of 1 i n 5 

H2S04 and d i l u t e to 200 ml. Cool and c h i l l to 5°C i n 

i c e water. 

Add a f r e s h l y prepared and c h i l l e d 6 per cent 

cupferron s o l u t i o n to p r e c i p i t a t e (10) a l l T i , V, F e , Hb, 

Mo, Sn, Ta, Zr (Rare earths and Thorium p a r t i a l l y ) . 65 ml 

of cupferron s o l u t i o n was r e q u i r e d . Add pulp ard f i l t e r 

through a 1 2 . 5 cm paper washing with cupferron wash s o l u t i o n 

(10 per cent H 2 S ° 4 conta in ing 1 . 5 g / l c u p f e r r o n ) . The 

p r e c i p i t a t e i s dr ied and i g n i t e d i n an i r o n c r u c i b l e and 

used f o r the subsequent determinat ion of t i t a n i u m . 

A d j u s t the f i l t r a t e , to pH5, ( 1 1 ) , c o o l i n g i n 

i c e water to keep the temperature low. The s o l u t i o n i s 

c h i l l e d i n i c e water to 5°C and more cupferron s o l u t i o n 

added. The p r e c i p i t a t e c o n s i s t s of 3e , A l , Cr , U and 

r a r e e a r t h s and Th l e f t i n the o r i g i n a l f i l t r a t e . F i l t e r 

and wash with c h i l l e d water c o n t a i n i n g 1 . 5 g / l cupferron. 

R e j e c t the f i l t r a t e and place the p r e c i p i t a t e and paper 

i n o r i g i n a l beaker and d e s t r o y organic matter by adding 

20 ml HNO3 and 20 ml HCIO4. Evaporate t o fumes and then 

r e f l u x to o x i d i s e Cr to chromate. As an a l t e r n a t i v e , the 

f i l t r a t e -from the f i r s t cupferron. . iprec ip i ta t ion can be 

evaporated, o r g a n i c matter des troyed with 25 ml HNÔ  and 

I-i2S04 and evaporated to fumes. This procedure was found to 

be much l o n g e r , d i f f i c u l t y was found i n d i s s o l v i n g r a r e 

ear th s u l p h a t e s , and the double cupferron procedure was 

found to be s u p e r i o r . 
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D i l u t e t o 75-100 ml, make .just aramoniacal then 

a c i d with HCl. Add 10 ml of 3 per cent HgOg ( f o r Cr removal) 

and 15 ml of 2 . 5 per cent 8 h y d r o x y q u i n o l i n e d i s s o l v e d i n 

HCi. .Pour w i t h : ' s t i r r i n g into... 20 g of/ammonium carbonate 

d i s s o l v e d i n 100 ml water f o r U removal ( 1 3 ) . Heat t o 50°C 

and s tand 1 hour . Cool^ f i l t e r and wash with 2 . 5 per cent 

ammonia, 2 .0 per cent ammonium carbonate ,' and 10 ml of 3 

h y d r o x y q u i n o l i n e per 400 ml as; wash s o l u t i o n . The 

p r e c i p i t a t e c o n s i s t s of A1 and r a r e earths'^ w h i l s t the 

f i l t r a t e c o n t a i n s U', C r , and any P, B and F not p r e v i o u s l y 

removed. 

Add the paper back t o the o r i g i n a l beaker and 

d e s t r o y o r g a n i c m a t t e r w i t h 20 ml HNÔ  and 1 5 ml HCIO4 and 

evaporate t o fumes. D i l u t e to 50 ml, add 5 ml HCl and 

f i l t e r and wash with 1 per cent HCl t o remove s i l i c a i n t r o -

duced from f i l t e r paper ash and c h e m i c a l s . R e j e c t the 

r e s i d u e . Make the f i l t r a t e jusb ammoniacal (2 drops excess-} , 

f i l t e r and wash a few t imes t o remove p e r c h l o r a t e s . 

The r a r e - e a r t h s are removed by d i s s o l v i n g t h e 

p r e c i p i t a t e i n a few ml of HCl and' e v a p o r a t i n g to near dryness 

(29) d i l u t i n g to 20 ml and when b o i l i n g add; 1 . 5 g o x a l i c ac id 

d i s s o l v e d i n 5 ml hot water . Simmer and a l l o w to stand 

o v e r n i g h t . F i l t e r through a 9 cm 44 Whatman paper washing 

with 0 . 5 per c e n t o x a l i c a c i d wash s o l u t i o n . D i s c a r d 

p r e c i p i t a t e and. evaporate f i l t r a t e . Add 15 ml HNÔ  and 1 0 ml 

HCIO4, to d e s t r o y o x a l i c a c i d and evaporate to fumes . 

D i l u t e to 50 ml., add 5 ml HCl, f i l t e r and wash 

wi th 1 per cent IiCl i f n e c e s s a r y . B o i l and mske t h e f i l t r a t e 

j u s t ammoniacal (2 drops e x c e s s ) and f i l t e r , ' washing with 

2 per cent ammonium c h l o r i d e t o remove p e r c h l o r a t e s . I g n i t e 

i n a t a r e d plat inum c r u c i b l e and weigh as AI2O3. Carry a 

blank d e t e r m i n a t i o n through on the e n t i r e procedure. 



CONFIDENTIAL.. - . 

To economise on sample, t h e s i l i c a and alumina 

determinat ions could be c a r r i e d through on the same 

sample, render ing the p r e l i m i n a r y s o l u t i o n operat ions 

o u t l i n e d i n the method above unnecessary . 

3 . 7 . Tota l I r o n . 

The t o t a l i r o n was checked by two s l i g h t l y 

d i f f e r e n t t e c h n i q u e s . In the f i r s t one 0.5 g of ore 
i 

was f u s e d with p r e f u s e d KHSO4, l e a c h e d i n 10 p e r cent 

H2SO4V f i l t e r e d and the i g n i t e d res idue t r e a t e d with HF 

and r e f u s e d with KKSO4 which was l e a c h e d i n t o the o r i g i n a l 

s o l u t i o n . The s o l u t i o n was made 10 per cent with r e s p e c t 

t o HCl arid passed through a s i l v e r reductor (9) and washed 

with 10 per cent HCl. The reduced i r o n was t i t r a t e d with 

N/20 ^ C ^ O y a f t e r adding 5 ml of phosphoric a c i d and 4 

drops of barium diphenylamine sulphonate i n d i c a t o r . 

In the second technique the su lphur ic a c i d 

s o l u t i o n of the Group 3 r e s i d u e obtained i n 3 . 2 . 2 . 1 . was 

d i l u t e d to 200 ml and 100 ml a l i q u o t taken ( e q u i v a l e n t to 

0.25 g of o r e ) , made 10 per cent with r e s p e c t t o HCl and 

passed through a s i l v e r r e d u c t o r , washed and t i t r a t e d as 

above. The two techniques gave e x a c t l y the same r e e i i l t . 

3 . 7 . 1 . Ferrous Oxide (FeO) 

This was determined by a m o d i f i c a t i o n of the 

Method of P r a t t (22) t a k i n g 1 g . samples and b o i l i n g w i t h 

the H2S0^-HF mixture f o r 15 minutes. The s o l u t i o n was 

r i n s e d i n t p 75 ml of s a t u r a t e d b o r i c a c i d and t i t r a t e d with 

N/20 K^CrgOy a f t e r adding 5 ml phosphoric ac id and 

barium diphenylamine sulphonate as i n d i c a t o r . 
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Whilst the t i t r a t i o n i t s e l f was s a t i s f a c t o r y , 

i n such a complex ore a number of assumptions and 

c o r r e c t i o n s must be made which makes the r e s u l t i n g 

c o r r e c t e d f i g u r e s of approximate v a l u e o n l y . 

Depending on t h e - s t a t e of o x i d a t i o n o f the 

vanadium and uranium, v a r y i n g c o r r e c t i o n s could, be 

a p p l i e d to the f e r r o u s i ron v a l u e , b u t , owing to the 

u n c e r t a i n t i e s of such, c o r r e c t i o n s , none were made. 

The presence of f r e e , m e t a l l i c i r o n introduced 

from g r i n d i n g operat ions does cause a p o s i t i v e e r r o r . 

1 rnol. of m e t a l l i c i r o n reduces 2 mols. of f e r r i c i r o n 

t o g i v e 3 mols. of f e r r o u s i r o n . 

Ee° + 2Fe+^ = 3J?e'!"2 •' 

Hence .0.61 per cent m e t a l l i c i r o n t i t r a t e s as the e q u i v a l e n t 

of 1 .83 per cent f e r r o u s i r o n , making t h e f e r r o u s . i r o n high 

by t h a t amount.. Therefore a t i t r a t e d f e r r o u s i r o n value 

of 5.48 per cent becomes 4.65 per cent when al lowance i s 

made f o r 0.51 per cent m e t a l l i c i r o n , thus g i v i n g 5.98 

per cent EeO i n the o r e . 

3 . 7 . 2 . M e t a l l i c i r o n . 

This was determined by t a k i n g 2 g of ore , 

adding-20 ml o f copper sulphate s o l u t i o n (25 g / l ) and 

a l lowing to stand with i n t e r m i t t e n t shaking f o r 3 hours. 

The m e t a l l i c i r o n w i l l d i s s o l v e , d i s p l a c i n g an equivalent 

weight of copper from s o l u t i o n . The s o l u t i o n a f t e r 

standing was f i l t e r e d , : washed and t h e . c o p p e r d i s s o l v e d 

fay'om the res idue by b o i l i n g wi th 4 ml of 1 - 1 HNO .̂ 

• The s o l u t i o n was again f i l t e r e d and the f i l t r a t e 

r e c e i v e d i n 100 ml v o l u m e t r i c f l a s k made j u s t ammoniacal 

and then 20 per cent e x c e s s . A f t e r c e n t r i f u g i n g , the 

cupramine co lor was read s p e c t r o p h o t o m e t r i c a l l y a t 620 m ^ . 

The copper va lue o r i g i n a l l y present i n the ore was deducted 

and the d i f f e r e n c e reported as the e q u i v a l e n t v a l u e of 
m e t a l l i c i r o n (0.61 per c e n t ) . 
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5 . 7 . 5 . Sulphide i r o n . 

The sulphide sulphur was c a l c u l a t e d to 

FeSg and an e q u i v a l e n t i r o n percentage r e p o r t e d as 

i r o n d i s u l p h i d e (0.32 per cent F e ) . 

3 . 7 . 4 . F e r r i c Oxide (FegO3) 

This v a l u e was c a l c u l a t e d as the t o t a l i r o n 

minus the sum of the f e r r o u s i r o n , m e t a l l i c i r o n and 

sulphide i r o n and reported a s FegO^.. 

1 8 . 7 4 * (4.65 + 0.61 + 0.32) = 1 3 . 1 6 = 18.80 per cent 
Fe 2 03. 
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3 .8; Titanium dioxide (Ti0 2 ) 

The second 100 ml a l i q u o t of t h e group 3 ' 

res idue (see 3 . 2 . 2 . 1 . and 3 . 7 ) was passed through a 

Jones r e d u c t o r , the i r o n value deducted and the d i f f e r e n c e 

c a l c u l a t e d a s t i tanium. However, the a l i q u o t was cloudy 

due ;to some s l i g h t h y d r o l y s i s of t i t a n i u m during the 

preceding s e p a r a t i o n s and the r e s u l t s obta ined were high 

and e r r a t i c , i n d i c a t i n g an i n e f f i c i e n t s e p a r a t i o n of 

Cri" V, U. 

Titanium was subsequently determined by two 

methods, one c o l o r i m e t r i c and the other volumetr ic which 

agreed - e x a c t l y . 

3 . 8 . 1 . C o l o r i m e t r i c method. 

The c o l o r i m e t r i c procedure was made by 

weighing 0.25 g of ore i n t o an iron, c r u c i b l e , adding 

4-5 g of Na202 and f u s i n g . When cool the melt was 

e x t r a c t e d with water , the c r u c i b l e p o l i c e d and r i n s e d , 

s e t a s i d e and the s o l u t i o n f i l t e r e d and washed with 

2 per cent NaOII s o l u t i o n . The f i l t r a t e conta ined the Uj V 

and Cr , while the res idue c o n s i s t e d of i r o n and t i t a n i u m . 

The f i l t r a t e was d i s c a r d e d and the residue d i s s o l v e d 

i n 1 - 4 HgSO^. The i n s i d e of the c r u c i b l e was c leaned with 

H2SO4 and the whole d i l u t e d to 500 mis," any f e r r o u s i r o n 

from c r u c i b l e a t tack b e i n g o x i d i s e d with KMnO ,̂ the H2SO4 

c o n c e n t r a t i o n being kept a t 10 p e r c e n t . A second d i l u t i o n 

was made-.taking 50 ml and d i l u t i n g to 250 ml i n 10 per c e n t . 

H2SO4. The s o l u t i o n was pero.xidised by a d d i n g - i ^ Q g a 

small p o r t i o n a£ the s o l u t i o n i n a beaker and reacting 

spe .c trophotometr ica l ly a t 408 m ^ a g a i n s t the o r i g i n a l 

s o l u t i o n as: r e f e r e n c e to. compensate f o r the i r o n p r e s e n t . 

On adding HE* to the p e r o x i d i s e d s o l u t i o n t o check f o r V, 

none was found. 
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3eS» 2. . V o l u m e t r i c method. 

I n the v o l u m e t r i c method, the c u p f e r r o n p r e c i p i t a t e 

from the aluminium d e t e r m i n a t i o n ( 3 . 5 ) having been f r e e d 

from Cr and U, but c o n t a i n i n g V, was i g n i t e d i n an i r o n 

c r u c i b l e and f u s e d wi th 10 g N a 2 0 2 e x t r a c t e d wi th w a t e r , 

f i l t e r e d and washed with 2 per cent NaOH s o l u t i o n . The 

Vanadium passed i n t o the f i l t r a t e . The h y d r o x i d e s of Fe 

and Ti were d i s s o l v e d i n 5 per cent HgSO^, and the i r o n 

removed on a mercury cathode . The s o l u t i o n was d i l u t e d 

t o 250 ml and a 200 ml a l i q u o t ( e q u i v a l e n t t o 0 . 4 g of 

o r i g i n a l sample) passed through a Jones r e d u c t o r , (15 ) 

t h e reduced t i t a n i u m b e i n g c o l l e c t e d under f e r r i c phosphate 

s o l u t i o n and the e q u i v a l e n t of l i b e r a t e d f e r r o u s i r o n 
/ 

t i t r a t e d with N/20 KgCrgOy. The r e s i d u a l i r o n i n the 

s o l u t i o n was determined on a s e p a r a t e a l i q u o t by the 

o - p h e n a n t h r o l i n e method (34). 

In a s'eoorad v o l u m e t r i c procedure 0.25 g was 

f u s e d w i t h Na202^ water e x t r a c t e d , f i l t e r e d and washed 

with 2 p e r cent NaOH s o l u t i o n . The i r o n was removed by 

mercury cathode e l e c t r o l y s i s , the volume made t o 250 ml 

and the d e t e r m i n a t i o n made i n a manner s i m i l a r t o the above 

v o l u m e t r i c p r o c e d u r e . R e s u l t s were 0.5 per cent h i g h e r 

t h a n g i v e n by the two p r e c e d i n g methods probably i n d i c a t i n g 

an incomplete removal of uranium. P r e v i o u s e x p e r i e n c e 

has shown.that on Radium H i l l r e s i d u e s c o n t a i n i n g l i t t l e 

uranium t h i s t h i r d procedure can g i v e good r e s u l t s f o r 

t i t a n i u m . However, i n the presence of more t h a n t r a c e s , 

of uranium, a p r e l i m i n a r y c u p f e r r o n s e p a r a t i o n would 

p o s s i b l y be d e s i r a b l e . 
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3 . 9 , Soda (Nap0) - Potash (Kp0) 

Soda and Potash were determined by flame 

photometry but owing t o the l a r g e number of other metal ions 

p r e s e n t .in s o l u t i o n i t was decided to do a p r e l i m i n a r y 

J . Lawrence Smith (23) f u s i o n , t a k i n g 0.5 g of o r e . Most 

of t h e calc ium was removed with an ammonia-ammonium 

carbonate s e p a r a t i o n ? the f i l t r a t e being evaporated t o 

dryness and c a r e f u l l y heated to remove ammonium c h l o r i d e ; 

The remaining s a l t s were d i s s o l v e d i n 2.5 ml HCl and d i l u t e d 

to 50 ml. This s o l u t i o n was sprayed i n t o a Beckman D.U. 

f lame photometer and the a l k a l i e s determined a g a i n s t 

s u i t a b l e s t a n d a r d s , u s i n g as r e f e r e n c e a standard s o l u t i o n 

c o n t a i n i n g 100 p .p .m. KgO - Na20 to which the instrument 

was s e t a t 100 per cent t r a n s m i s s i o n . A blank was 

c a r r i e d through with the a s s a y s . 

5 . 1 0 . Water a t 100°C. 

A sample of 5 g was dried o v e r n i g h t - a t 105°C 

and the l o s s i n weight recorded. F u r t h e r dry ing caused 

no more l o s s . 

5 . 1 1 . T o t a l Water. 

This was determined by the P e n f i e l d method (20) 

by h e a t i n g over a Meker burner f o r 1 0 - 1 5 minutes. 

5 . 1 2 . Phosphorus pentoxide (P?0R) 

This was a method developed f o r t i t a n i f e r o u s 

ores of a r e f r a c t o r y nature and was based on the c o l o r i m e t r i c 

phosphovanadomolybdate complex method g i v e n by S n e l l (32) . 

The phosphate was removed from the bases by a 

sodium carbonate f u s i o n i n the presence of e x c e s s s i l i c a 

(0.5 g o r e , 0.5 g S i 0 2 , 8 g Na2C03), f o l l o w e d by water 

e x t r a c t i o n , f i l t r a t i o n and washing with a 2 per cent Na2C05 

s o l u t i o n . The excess s i l i c a was n e c e s s a r y to g i v e a 

q u a n t i t a t i v e s e p a r a t i o n with one f u s i o n and e x t r a c t i o n . 
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The s o l u t i o n was a c i d i f i e d wi th n i t r i c a c i d t o l i b e r a t e 

CO2V made ammoniacal and warmed t o p r e c i p i t a t e s i l i c i c 

a c i d . The ammonia was n e u t r a l i s e d and 10 ml e x c e s s 

p e r c h l o r i c a c i d added. Then 20 ml of s a t u r a t e d b o r i c 

a c i d was added to complex f l u o r i n e and the volume made 

t o 200 nil. This was f i l t e r e d on a dry paper and two 20 

ml a l i q u o t s t a k e n . . To one (A), was added by p i p e t t e 5 .0 

ml of 10 p e r cent HCIO4 and t o the o t h e r (B) 5 . 0 ml of 

vanadatemolybdate r e a g e n t . The c o l o u r was a l l o w e d t o 

d e v e l o p f o r only 5-10 minutes and read immediate ly 

b e f o r e development of the s i l i c o m o l y b d a t e c o l o r . Readings 

were made s p e c t r o p h o t o m e t r i c a l l y a t 

470 m u s i n g (B) 

as c o l o r r e a d i n g s o l u t i o n and (A) a s r e f e r e n c e t o c o r r e c t 

f o r chromate c o l o u r . 

5 . 1 3 . C h l o r i n e ( C l ) . 

The c h l o r i n e was determined by t a k i n g 10 g 

of ore and d i g e s t i n g w i t h 100 ml of 25 p e r cent HgSO^ 

under r e f l u x f o r at l e a s t 6 h o u r s . A f t e r f i l t r a t i o n , 

the c h l o r i n e was p r e c i p i t a t e d with s i l v e r n i t r a t e and 

a l l o w e d to stand £0* 4 . h o u r s . The s i l v e r c h l o r i d e was 

f i l t e r e d o f f , washed and d i s s o l v e d i n 20 ml of 1t£L ammonia 

and d i l u t e d t o 100 ml. A 20 ml a l i q u o t was taken and 

a s i l v e r s u l p h i d e c o l l o i d deve loped g i v i n g a g o l d e n 

brown c o l o u r by adding Oi5 ml Na2S ( 2 . 5 per cent s o l u t i o n ) 

and 1 ml g e l a t i n (0.4 per cent s o l u t i o n ) . ' ( 3 , 24) . The 

s o l u t i o n was d i l u t e d to 50 ml, a l lowed t o stand f o r 1 5 

mins. and read s p e c t r o p h o t o m e t r i c a l l y a t 410 nybC* The 

c o l o r i m e t r i c d e t e r m i n a t i o n of the c h l o r i n e was p r e f e r r e d t o 

g r a v i m e t r i c d e t e r m i n a t i o n as AgCl because of the contamina-

t i o n sometimes e x p e r i e n c e d due t o hydro l y s e d t i t a n i u m . 
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3 . 1 4 . T o t a l Sulphur 

Two grams of ore were t a k e n and t r e a t e d with 

KBr-Br mixture and the method of A l l e n Cz Bishop (18) 

f o l l o w e d . The d r i e d s a l t s were t a k e n up i n 10 ml HCl 

( i n s t e a d of u s u a l 4 ml) t o avo id t i t a n i u m h y d r o l y s i s . 

The f e r r i c i r o n vvas reduced w i t h 0 . 2 g of aluminium 

powder and the s o l u t i o n was f i l t e r e d , and t h e paper 

washed with 2 per cent HCl. The s o l u t i o n was d i l u t e d 

t o 250 ml and B a S 0 4 „ p r e c i p i t a t e d . To c o r r e c t f o r t i t a n i u m 

h y d r o l y s i s , the weighed BaSO .̂ p r e c i p i t a t e was f u s e d wi th 

Na2C05 , e x t r a c t e d with HgSO^, d i l u t e d to 50 ml , f i l t e r e d 

through a dry paper and the p e r o x i d e - t i t a n i u m c o l o r r e a d 

.spectrophot ©metr ica l ly a t 408 iy^and the amount of 

t i t a n i u m found deducted from the o r i g i n a l weight of 

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

5 . 1 4 . 1 . Sulphur T r i o x i d e (S0 ? ) 

Two grams of ore were b o i l e d f o r 20 minutes 

wi th 20 ml 1 - 1 HCl, f i l t e r e d , washed and BaSO^ p r e c i p i t a t e d . 

The weighed p r e c i p i t a t e s were a g a i n c o r r e c t e d f o r any 

t i t a n i u m h y d r o l y s i s . 

3 . 1 4 . 2 . I r o n d i s u l p h i d e (ffeSp) 

The t o t a l sulphur minus sulphur t r i o x i d e 

was assumed to be sulphide sulphur and c a l c u l a t e d t o 

]?eS2 f o r convenience i n r e p o r t i n g . 

5 . 1 5 . F l u o r i n e . 

The ore was f u s e d with N a ^ O j , ' l e a c h e d with 

water and the f l u o r i n e d i s t i l l e d by the u s u a l W i l l a r d y 

Winter d i s t i l l a t i o n ( l9)an& t i t r a t e d with thorium 

n i t r a t e u s i n g sodium a l i z a r i n su lphonate as i n d i c a t o r 

i n a b u f f e r e d s o l u t i o n . However, h y d r o l y s e d t i t a n i a , 

a l s o s i l i c a and alumina c o n s i d e r a b l y r e t a r d the 

d i s t i l l a t i o n r a t e and 1 l i t r e of d i s t i l l a t e was n e c e s s a r y 

f o r complete r e c o v e r y of t h e v e r y smal l amount of 

f l u o r i n e . The method was m o d i f i e d a c c o r d i n g to the 



COXIFxiDTCTWTftT., •" 

17. 

procedure g i v e n by Grimaldi e t a l . ( 5 ) . 

Procedure. . 

Fuse 0.5 g sample with a mixture of 1 . 2 g 

of z inc oxide and 6' g of sodium carbonate i n a n i c k e l 

c r u c i b l e . Cool . Place the c r u c i b l e and c o n t e n t s . in a 

beaker and add 30 ml water , cover and heat on a steam 

bath u n t i l the cake has S o f t e n e d . Remove c r u c i b l e , 

p o l i c e and r i n s e . The volume should now be approximately 

50 ml . 

Break up any lumps with, a s t i r r i n g rod 

f l a t t e n e d a t one. endj and then b r i n g the s o l u t i o n t o b o i l , 

s t i r r i n g to prevent lumping. B o i l f o r s e v e r a l minutes , 

remove from the h e a t , and al low t h e r e s i d u e to s e t t l e . 

F i l t e r the s o l u t i o n i n t o a 100 ml v o l u m e t r i c 

f l a s k and wash res idue and paper with hot 2 per cent 

Na2C0^ and wash t o a volume of 100 ml. R e j e c t r e s i d u e . 

C o o l , mix s o l u t i o n and p i p e t t e 50 ml ( e q u i v a l e n t t o 0.25 g 

ore) i n t o d i s t i l l a t i o n f l a s k . Add s l o w l y 20 ml p e r c h l o r i c 

ac id and 2 ml phosphoric a c i d , keeping the f l a s k c o o l by 

immersing i t i n cold w a t e r . D i s t i l bj? the u s u a l W i l l a r d , 

Winter procedure. When the temperature reaches about 

135°C pass i n steam from an a u x i l i a r y f l a s k . Increase 

the temperature t o 140° C + 3° and d i s t i l a t the r a t e of 

4 ml per minute c o l l e c t i n g n e a r l y 250 ml of d i s t i l l a t e . 

D i l u t e t o volume and mix. 

T r a n s f e r 100 ml a l i q u o t s ( e q u i v a l e n t to 0 .1 g 

ore) t o 250 ml' beakers and continue with usual thorium 

n i t r a t e -sodium a l i z a r i n sulphonate t i t r a t i o n . Carry a 

blank through on the e n t i r e procedure . 

I t was found t h a t f o l l o w i n g the above procedure 

a l l f l u o r i n e could be q u a n t i t a t i v e l y d i s t i l l e d i n 250 ml. 

Where l a r g e r amounts of f l u o r i n e are to be determined 

the t i t r a t i o n of a 50 ml a l i q u o t would be s u f f i c i e n t . 
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The f l u o r i n e was also determined c o l o r i m e t r i c a l l y i n t h a 

d i s t i l l a t e us ing the z i r c o n i u m - a l i z a r i n method and w h i l s t 

s a t i s f a c t o r y the t i t r a t i o n with thorium, n i t r a t e was 

q u i c k e r and re quired l e s s manipulation and the r e s u l t s 

were found t o be q u i t e s a t i s f a c t o r y . 

5 . 1 6 . A r s e n i c t r i o x i d e (AspO?;) . 

This was determined by the G u t z e i t method (12) . 

One gram of ore was a t t a c k e d with Br-KBr m i x t u r e , f o l l o w e d 

by n i t r i c a c i d , evaporated and fumed with PI2SO4. The 

s a l t s were d i s s o l v e d i n water , f i l t e r e d and d i l u t e d t o 

100 ml i n a v o l u m e t r i c f l a s k . A 10 ml a l i q u o t ( e q u i v a l e n t 

t o 0 . 1 g ore) was t a k e n and the usual G u t z e i t procedure 

fol lowed. . 

% 1 7 . Manaanoua o x i d e . (MnO) 

The ore was a t tacked with a b i s u l p b a t e f u s i o n 

and d i l u t e d to 100 ml. Two a l i q u o t s were t a k e n and the 

chromium o x i d i s e d to chromate with a p r e l i m i n a r y t r e a t -

ment of ammonium p e r s u l p h a t e . One s o l u t i o n was used as 

r e f e r e n c e and the other as reading s o l u t i o n a f t e r t h e 

manganese had been o x i d i s e d by potassium p e r i o d a t e (55) . 

Large p r e c i p i t a t e s of t i t a n i u m phosphate were formed 

which n e c e s s i t a t e d c e n t r i f u g i n g b e f o r e the assays 

could be read s p e c t r o p h o t o m e t r i c a l l y . 

Procedure. 

Fuse 0.5 g of ore with 5 .0 g of p r e f u s e d KHSO4 

i n a s i l i c a c r u c i b l e . When cool l e a c h with 40 ml water 

containing; 5 ml HgSO^. F i l t e r , wash, i g n i t e res idue 

i n a platinum c r u c i b l e , remove s i l i c a with HF treatment 

and r e f u s e res idue with KHSO4. Leach i n t o the o r i g i n a l 

s o l u t i o n , r i n s e c r u c i b l e and d i l u t e to 100 ml i n a 

v o l u m e t r i c f l a s k . 
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Pipet";:e two 40 ml a l i q u o t s and t o each add : 

0.5 ml of AgNO^ (50 g / l ) • 1' g amsionium persulphate and b o i l 
i. ; 

f o r 10 minutes £o o x i d i s e chromium. Add sulphurous a c i d 

dropwise adding j u s t s u f f i c i e n t to d e s t r o y the permanganate 

c o l o r , b o i l f o r a few minutes t o remove SO2 and c o o l . 

Add 16 ml 1 - 1 H2SO4 5 ml phosphoric acid (AR) 

and t o the a s s a y s o l u t i o n 0.3 - 0.4 g potassium p e r i o d a t e . 

B o i l both assay and r e f e r e n c e s o l u t i o n s to o x i d i s e 

manganese and coagulate the t i t a n i u m phosphate. B o i l f o r 

15-20 minutes , cool and d i l u t e to 100 ml. C e n t r i f u g e 

s o l u t i o n s f o r 5-10 minutes and read the assay s o l u t i o n 

a g a i n s t the r e f e r e n c e s o l u t i o n s p e c t r o p h o t o m e t r i c a l l y a t 

545 mjUU 

3 . I S . Vanadium Pentoxide (.V^Or) 

Vanadium was best determined by d i r e c t 

p o t e n t i o m e t r i c t i t r a t i o n and was adapted from the 

method g i v e n by Rodden(2S). 

The ore was f u s e d with sodium p e r o x i d e , l e a c h e d 

with water , a c i d i f i e d with H2SO4, b o i l e d and e x c e s s 

peroxide des troyed by adding KMn04. On c o o l i n g a l l 

r e d u c i b l e elements were reduced t o t h e i r lower v a l e n c y 

s t a t e s by adding 3?eS04 s o l u t i o n i n s l i g h t e x c e s s . By 

us ing weak (n/20) KMn04 s o l u t i o n the vanadium only was 

re o x i d i s e d , chromium and cerium remaining reduced. The 

excess KMn04 was destroyed by adding sodium n i t r i t e and t h e 

excess sodium n i t r i t e was destroyed, by adding urea . On 

c h i l l i h g the a s s a y s o l u t i o n t o 5°C and t i t r a t i n g p o t e n t i o -

m e t r i c a l l y with f e r r o u s sulphate a good end point was 

obta ined. 

Procedure. 

Weigh 1 g of ore i n t o a n . i r o n c r u c i b l e , add 8 g 

sodium peroxide and f u s e f o r 5 minutes. C o o l , e x t r a c t 

the melt with w a t e r , a c i d i f y with H2SO4 and make 10 per cart 



COMFEJJBNTIAJ^ 

I 

.20 t 

with respec-fc -to H2S04„ B o i l and d e s t r o y e x c e s s peroxide 

by adding KMn04 s o l u t i o n i n s l i g h t e x c e s s . Cool to room 

temperature . 

Add N/lO FeS0 4 s o l u t i o n i n s l i g h t exoGse. 

(Thisds.: shown by t a k i n g 1 drop of the s o l u t i o n and 

adding t o a drop of potassium f e r r i c y a n i d e on a spot 

p l a t e ? a blue c o l o r a t i o n i n d i c a t e s e x c e s s f e r r o u s i r o n ) . ' 

Now add N/20 KMn04 i n s l i g h t e x c e s s such t h a t the pink 

c o l o r remains f o r a l e a s t 2 minutes . Vanadium (+4) i s 

only o x i d i s e d s l o w l y t o (+5). 

Add 0 . 1 N sodium n i t r i t e dropwise u n t i l the 

permanganate c o l o r i s d i s c h a r g e d and t h e n 4 drops e x c e s s . 

Rinse s i d e s of beaker and add 2 g of u r e a , s t i r f o r h a l f 

a minute and a l l o w t o stand 10 minutes . Add 20 ml of l - l 

H 2 S0 4 . Cool i n i c e water to 5°C and t i t r a t e p o t e n t i o m e t r i c -

a l l y u s i n g N/20 .?eS04 as t i t r a n t . The f e r r o u s s u l p h a t e 

i s s t a n d a r d i s e d d a i l y a g a i n s t N/20 K 9 C r 9 0 7 . 
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Chromic Oxide (CrgO;) . 

The d e t e r m i n a t i o n of chromium was made by 
i 

t h r e e independent methods 

(1 ) C o l o r i m e t r i c a l l y u s i n g d i p h e n y l c a r b a z i d e . 

(2) C o l o r i m e t r i c a l l y u s i n g chromate c o l o r a f t e r 
s e p a r a t i o n of uranium. 

(3) Volumetr ic t i t r a t i o n wi th FeSO^ a f t e r ammonium 

p e r s u l p h a t e o x i d a t i o n . 

3 . 1 9 . 1 . Diphenyl c a r b a z i d e method. 

Diphenyl c a r b a z i d e i s almost a s p e c i f i c 

r e a g e n t f o r chromium ( 3 0 , 3 3 ) . I r o n and vanadium 

i n t e r f e r e but i r o n i s removed by f i l t r a t i o n of the a l k a l i n e 

f u s i o n and the vanadium c o l o r f a d e s q u i c k l y so t h a t by 

a l l o w i n g the c o l o r t o stand 15 minutes b e f o r e r e a d i n g , 

vanadium i n t e r f e r e n c e i s e l i m i n a t e d p r o v i d e d i t s 

c o n c e n t r a t i o n i s not 10 t imes/greater than Cr . 

The procedure c o n s i s t e d of f u s i n g 0.25 g of ore 

with 4 g of Na202 i n a p o r c e l a i n c r u c i b l e f o r 5 m i n u t e s . 

The melt was e x t r a c t e d w i t h water and b o i l e d f i f t e e n 

minutes„ t o decompose p e r o x i d e . . The s o l u t i o n s were d i l u t e d 

t o 100 ml , c o o l e d , mixed and f i l t e r e d through a dry paper . 

F i v e ml a l i q u o t s were t a k e n i n 50 ml v o l u m e t r i c f l a s k s , 

n e u t r a l i s e d with H2SO4 and 10 ml of N HgSO^ added i n e x c e s s 

t o g i v e a f i n a l s o l u t i o n of 0.2N with r e s p e c t to HgSO^. 

Two ml pf d i p h e n y l c a r b a z i d e s o l u t i o n (0.25 p e r cent i n 1 - 1 -

w a t e r - a c e t o n e ) was added, the volume d i l u t e d to 50 ml and 

the c o l o r a l l o w e d to stand 1 5 minutes b e f o r e r e a d i n g s p e c -

t r o p h o t o m e t r i c a l l y a t 543 m ^ . The r e s u l t s o b t a i n e d 

averaged 0.40 per cent CrgO^. 

3 . 1 9 . 2 . Chromate method. 

Uranium g i v e s a c o l o r which i n t e r f e r e s w i t h 

the chromate c o l o r and so i t was n e c e s s a r y to remove the 

uranium from the combined f i l t r a t e s i n 3,2,2,1. The 

combined a c i d i f i e d f i l t r a t e s were e v a p o r a t e d to 150 ml and 
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an excess of FeSO^ added to reduce Cr and V. Excess EeSO^ 

was o x i d i s e d by KMnÔ  and a group 3 p r e c i p i t a t i o n made by 

adding ammonia t o the b o i l i n g s o l u t i o n . . The p r e c i p i t a t e 

was f i l t e r e d , washed with 2 per cent ammonium n i t r a t e and 

d i s s o l v e d i n n i t r i c a c i d . The e x c e s s n i t r i c was removed 

by e v a p o r a t i o n to d r y n e s s , the dry s o l i d s d i s s o l v e d i n 10 

ml of 10 per cent n i t r i c acid and the uranium removed by 

p a s s i n g through a c e l l u l o s e column. (37) . 

The c e l l u l o s e wad was removed, d r i e d , i g n i t e d i n 

a platinum d i s h and the. res idue f u s e d with. 5 g Na2C0^ and 

0.5 g NaNO .̂ The melt was e x t r a c t e d with water and 

d i l u t e d t o 100 ml. A f t e r f i l t e r i n g through a dry paper , 

Kthe chromate c o l o r was read s p e c t r o p h o t o m e t r i c a l l y a t 

406 m^,. The r e s u l t s obtained averaged 0.40 per cent C^O^. 

3 . 1 9 . 5 . Yolumetr ic method. 

The ore was a t t a c k e d wi th' .a sodium peroxide ' 

f u s i o n , l e a c h e d with water and a c i d i f i o d with H2SO4. The 

chromium and vanadium were o x i d i s e d with ammonium persulphat 

and s i l v e r n i t r a t e added as c a t a l y s t , the e x c e s s persulphate 
• » 

destroyed with b o i l i n g and permanganate des troyed by 

adding d i l u t e HCl. The Cr and Y were t i t r a t e d by adding 

f e r r o u s su lphate and determining the end point 

p o t e n t i o m e t r i c a l l y or a l t e r n a t i v e l y u s i n g f e ' r r o i n 

as i n d i c a t o r . 

Procedure. 

Proceed with f u s i o n e t c . as f o r Vanadium u s i n g 

p o r c e l a i n c r u c i b l e s and destro3d.ng excess peroxide by 

b o i l i n g and adding KMnO .̂ F i l t e r and wash with water to 

a volume of '100 ml (a) and a d j u s t the s o l u t i o n t o conta in 

5 ml excess su lphur ic a c i d . Add 2 ml AgN03 (50 g / l ) and 25 

ml of 10 per cent ammonium persulphate and b o i l 10 minutes. 

Complete o x i d a t i o n i s shown bjr the p e r s i s t e n c e of the pink 

Mn04~ c o l o r . Add.5 ml of 1 - 3 HCl and b o i l f o r a f u r t h e r 5 
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minutes t o d e s t r o y MnO "̂ and c o a g u l a t e AgCl . Co.a to 

room temperature and add 20 ml of 1 - 1 HgSO^ "to make the 

s o l u t i o n approximate ly 5N i n HgSO^. T i t r a t e w i t h 

s tandard FeS04 u s i n g :fierroin as i n d i c a t o r or c h i l l t o 5°C 

and t i t r a t e p o t e n t i o m e t r i c a l l y u s i n g FeSO^ as t i t r a n t . 

(a) As an a l t e r n a t i v e check the volume was d i l u t e d t o 300 

ml and the procedure g i v e n i n H i l l e b r a n d e t a l , ( l 4 ) , was 

f o l l o w e d , back t i t r a t i n g the e x c e s s f e r r o u s s u l p h a t e w i t h 

N/20 

u s i n S barium diphenylamine su lphonate a s 

i n d i c a t o r . The vanadium t i t r e was deducted and the 

d i f f e r e n c e r e p o r t e d as chromium. 
The r e s u l t s o b t a i n e d a v e r a g e d a t 0.38 per cent 

C r 2 0 5 . 

Of the t h r e e methods j1 the d i p h e n y l c a r b a z i d e 

method i s p r e f e r r e d . I t i s r e l a t i v e l y q u i c k , simple 

and s p e c i f i c . The chromate method r e q u i r e s the long 

and cumbersome removal of uranium which l i m i t s i t s 

u s e f u l n e s s . The v o l u m e t r i c method i s a d i f f e r e n c e method 

and i s t h e r e f o r e s u b j e c t to more e r r o r s t h a n a d i r e c t ^ 

s p e c i f i c method. 

3 .20. Lead Oxide (PbO). 

The sample was a t t a c k e d with HNÔ  - HH1 and 

fumed with HCIO4, d i s s o l v e d i n HCl and f i l t e r e d . The 

l e a d was p r e c i p i t a t e d from the f i l t r a t e wi th ^S",3 the 

s u l p h i d e s f i l t e r e d and d i s s o l v e d from the paper w i t h 

bromine w a t e r - n i t r i c a c i d and e v a p o r a t e d w i t h H2SO4. 

E x c e s s a c i d was n e u t r a l i s e d , ammonium a c e t a t e added 

and the r e s u l t i n g s o l u t i o n p o l a r o g r a p h e d . 

Procedure . 

Weigh 5 g ore i n t o a p la t inum d i s h and d i g e s t 

w i t h 10 ml HNO3 and 20 ml KF and e v a p o r a t e t o d r y n e s s . Re-

evaporate t w i c e with 10 ml HF and 5 ml HNOj. When dry ' ; add 

5 ml HCIO4 a n d fume. Rinse s i d e s of d i s h and r e f u m e . 
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Add 10 nil HCl? d i l u t e and warm to d i s s o l v e , r i n s e i n t o a 

250 ml beaker and b o i l f o r some minutes. F i l t e r and wash 

with hot 2 per cent HCl and f i n a l l y with hot water . D i l u t e 

t o 500 ml t o g i v e a s o l u t i o n 0.2 N i n ac id as r e q u i r e d f o r 

l e a d p r e c i p i t a t i o n (25) . Warm and p a s s H2S f o r 15-20 nnLns. 

and stand. Warm and repass H2S. F i l t e r and wash with H2S 

w a t e r . Rinse s u l p h i d e s i n t o the o r i g i n a l b e a k e r . Pour 

10 ml of 1-1-HNO^-Br water over p a p e r , r i n s e and d i s c a r d . 

Evaporate t o small bulk adding more Br water i f n e c e s s a r y 

t o a t t a c k s u l p h i d e s . Add 5 ml 1 - 1 H2S04 and fume. Rinse 

s i d e s and refume t o i n c i p i e n t d r y n e s s . 

Rinse s i d e s and add ammonia u n t i l only j u s t 

a c i d . Add 10 ml of. 50 per cent a m m o n i u m a c e t a t e and b o i l 

t o d i s s o l v e PbSO^.. D i l u t e to 100 ml i n a v o l u m e t r i c 

f l a s k , f i l t e r through a d.ry paper and polarograph. 

A s p e c t r o g r a p h i c examination showed t h a t the 

r e s i d u e contained l e s s than 0.001 per cent Pb i n d i c a t i n g 

the completeness of the' a c i d a t t a c k . 

5 . 2 1 . Copper oxide;." (CuO). 

The method used was a c o l o r i m e t r i c one u s i n g 

2*,2' D i q u i n o l y l as dsvelo-ped by Guest (6) . 

The sample, 0 . 1 g,' was weighed i n t o a t e s t tube 

and f u s e d with 1 g of KHSO4. The melt was leached w i t h 

4 mi of 2N HCl and r i n s e d i n t o a beaker? hydroxylamine 

hydrochlor ide s o l u t i o n and t a r t a r i c acid s o l u t i o n were 

added and the determinat ion completed by the method g i v e n 

by Guest. ' 

5 .22 . Boron t r i o x i d e (BgOO. 

The method used was the c o l o r i m e t r i c procedure 
\ 

u s i n g carmine and developing the c o l o r i n H2S04« Fusion 

•with sodium carbonate and d i r e c t a c i d s o l u t i o n of the 

melt proved u n s a t i s f a c t o r y owing t o t i t a n i u m g i v i n g an 

i n t e r f e r i n g c o l o r . Consequently water e x t r a c t i o n of the 

sodium carbonate melt was n e c e s s a r y . The method.r 
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f o l l o w e d was e s s e n t i a l l y t h a t g i v e n by Hatcher & Wilcox ( 8 ) . ' 

Procedure 

Weigh 0.25 g of ore i n t o a platinura c r u c i b l e and 

f u s e with 4 g NagG0 ( A . R . ) . E x t r a c t the melt i n a 

platinura d ish on water bath. When e x t r a c t e d , r i n s e and 

remove c r u c i b l e , f i l t e r and wash a few " t imes with 2 per 

cent Na2C0^ s o l u t i o n . Add 10 ml HCl t o f i l t r a t e , warm ' 

t o 50°C, s t i r r i n g to l i b e r a t e CO2. B o i l i n g the s o l u t i o n may 

steam d i s t i l b o r i c a c i d . Contact of the a l k a l i n e s o l u t i o n 

with pyrex g l a s s must be kept to a minimum. 

D i l u t e to 100 ml. P i p e t t e a 2 ml a l i q u o t i n t o 

a dry 25 ml f l a s k . Add 0 .1 ml water and 2 m.1 conc. HgSO^, 

c o o l , then a f u r t h e r 8 ml HgSO^ and: c o o l . The f l u o r i n e 

content o f ' t h e a l i q u o t must be kept below 10 micrograms 

otherwise s i g n i f i c a n t b l e a c h i n g of the c o l o r w i l l o c c u r . 

From a buret te add 10 ml of carmine s o l u t i o n (0.05 per cent 

i n conc. K2S0^) and d i l u t e to mark with conc. HgSO^ c o o l , 

mix and al low to stand o v e r n i g h t . Carry through a blank 

and read s p e c t r o p h o t o m e t r i c a l l y a t SlO mfj^ 

• 3 .25. Uranium. Oxide (UO2). 

The method used was an adaption of the ether-

n i t r i c a c i d - c e l l u l o s e column method with c o l o r i z e t r i e 

Na0H-Na202 f i n i s h g i v e n i n -'Handbook of Chemical Methods 

f o r the determinat ion of Uranium i n minerals and ores1'1 ( 3 7 ) . 

One gram of ore was f u s e d with 8 g Na?02 i n an i r o n c r u c i b l e ' , 

e x t r a c t e d with water and a c i d i f i e d with n i t r i c acid and 

evaporated j u s t t o d r y n e s s . The s a l t s were d i s s o l v e d i n 10 

ml of 1 0 ' p e r cent HNO3 and the uranium separated by the 

c e l l u l o s e column t e c h n i q u e . 

5 .24 . Rare Earths - Thorium o x i d e . 

The ore wasattacked by a sodium peroxide f u s i o n 

i n a n i c k e l c r u c i b l e a t low temperature^ e x t r a c t e d and 

p r e c i p i t a t e d with ammonia. The hydroxides were d i s s o l v e d 

i n HI? and the s o l u t i o n was evaporated t o near dryness i n ••. 
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a platinum d i s h . The dry s a l t s were d i s s o l v e d i n a d i l u t e 

HF-HCl s o l u t i o n and the i n s o l u b l e f l u o r i d e s were removed 

by c e n t r i f u g i n g . The i n s o l u b l e f l u o r i d e s were then decomposed 

with J^SO^ and-calc ium removed w i t h an ammonia p r e c i p i t a t i o n . 

The h y d r o x i d e s were d i s s o l v e d , t h e . e x c e s s HCl removed and 

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

The thorium was determined c o l o r i m e t r i ' f c a l l y a f t e r a 

m e s i t y l oxide s o l v e n t e x t r a c t i o n of the thor ium. 

Procedure 

.Take 1 g of ore and. f u s e a t low temperature 

with 8 g Na202 i n n i c k e l c r u c i b l e . When c o o l e x t r a c t 

w i t h w a t e r , a c i d i f y and a d j u s t to 5 per cent a c i d w i t h I^SO^. 

Warm t o 60°C, n e u t r a l i s e with ammonia and add 5 per cent 

e x c e s s . Stand 1 5 - 3 0 minutes c o o l i n g t o room t e m p e r a t u r e . 

F i l t e r through an 1 1 cm 541 paper and wash with 5 p e r cent 

ammonia. D i s c a r d f i l t r a t e . 

Rinse the h y d r o x i d e s i n t o a p lat inum d i s ^ , add 10 

ml HF; s t i r t o d i s s o l v e and e v a p o r a t e on water bath t o near 

d r y n e s s . pour 1 - 1 HCl o v e r paper i n t o o r i g i n a l beaker? 

r i n s e paper and add r i n s i n g s e t c . t o HF s o l u t i o n i n p lat inum 

d i s h . When n e a r l y d r y add 40 ml o f HF-HCl s o l u t i o n (2 ml HF 

+ 2 ml HCl/lOO ml) and warm u n t i l s a l t s d i s s o l v e . C o o l . 

C e n t r i f u g e i n p l a s t i c tubes; a t 4000 R.P.M. Dcoant o f f 

l i q u o r and r e e e n t r i f u g e wi th 2 per cent HCl-HF wash. 

R e j e c t a l l s o l u t i o n s . 

Rinse f l u o r i d e s i n t o the o r i g i n a l p la t inum d i s h 

and evaporate o f f w a t e r . Add 3 ml of H2SO4 warming 

c a r e f u l l y a t f i r s t (HF e v o l v e d ) and f i n a l l y fume t o near 

d r y n e s s . C o o l , add hot water and 2 ml HCl. Warm t o 
* 

d i s s o l v e ^ and t r a n s f e r q u a n t i t a t i v e l y t o 250 ml b e a k e r . B o i l 

to d i s s o l v e a l l s u l p h a t e s adding 3 per cent H2O2 and more 

a c i d i f n e c e s s a r y . The s o l u t i o n should be c l e a r , but i f 

not? f i l t e r , wash r e s i d u e ; i g n i t e ? f u s e with KHSO4 and add 

t o o r i g i n a l s o l u t i o n . 
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Warn t o 60°G and add 5-10 p e r cent ammonia i n e x c e s s . Stand 

10 minutes and c o o l to room temperature . ( T o t a l s t a n d i n g time 

1 5 - 3 0 m i n u t e s ) . F i l t e r through an 1 1 cm 541 paper and wash_ 

with 5 per cent ammonia - 1 per cent HH4CI s o l u t i o n . I f much 

Ga is: present r e p r e c i p i t a t e as b e f o r e ; d i s s o l v i n g the hydrox-

i d e s i n the minimum o f HCl. I f t i t a n i u m i s s t i l l p r e s e n t , 

h y d r o l y s i s w i U occur i n thfe HCl s o l u t i o n s so r i n s e i n t o a 

platinura d i s h and r e p e a t f l u o r i d e s e p a r a t i o n . 

When f r e e from Ga and Ti d i s s o l v e the h y d r o x i d e s 

i n the minimum of HCl and evaporate t o near dryness t o 

remove HCl. D i l u t e t o 80 ml with w a t e r j adding a few 

drops of HCl i f n e c e s s a r y . The s o l u t i o n must be c l e a r af 

t h i s p o i n t . N e u t r a l i s e e x c e s s a c i d i t y with 50 per cant 

ammonium a c e t a t e u s i n g bromphenol b lue i n d i c a t o r (pH 3)", b r i n g 

t o b o i l ( n e g l e c t any h y d r o l y s a t e ) and add 5 g of o x a l i c a c i d 

d i s s o l v e d i n 20 ml hot water . B o i l , simmer and a l l o w 

t o stand o v e r n i g h t . ... • 

F i l t e r through a 9 cm 44 paper washing with 

1 per cent o x a l i c a c i d . I g n i t e a t 950°G to constant weight 

( u s u a l l y h a l f an hour i s s u f f i c i e n t ) . 

5 . 2 4 . 1 . Thorium oxide (ThO?) 

Fuse the above p r e c i p i t a t e with KHSO4; e x t r a c t 

with d i l u t e 2 per cant H2SO4. N e u t r a l i s e w i t h NaOH arid make 

5 per cent with r e s p e c t t o NaOH. B o i l a few minutes t o 

p r e c i p i t a t e h y d r o x i d e s and decompose double s u l p h a t e s . F i l t e r 

through a 9 cm 541 paper and wash with water u n t i l f a i r l y 

f r e e from s u l p h a t e s . D i s s o l v e the p r e c i p i t a t e i n HNÔ  i n 

o r i g i n a l beaker", e v a p o r a t e t o dryness and d i s s o l v e i n 20 ml -

of s a t u r a t e d AltNOj)^ and e x t r a c t the thorium with , m e s i t y l 

oxide s e p a r a t i o n ( l ) u s i n g "Thorin" a s co lour d e v e l o p i n g 

r e a g e n t and read s p e c t r o p h o t o m e t r i c a l l y a t 545 m/4* • 
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2. , .Spectrographic D e t e r m i n a t i o n of Fare E a r t h s . 

i>he p r e p a r a t i o n of a sample f o r s p e o t r o g r a p h i c 

d e t e r m i n a t i o n of i n d i v i d u a l r a r e e a r t h members: u s i n g a mothod 

s u i t a b l e f o r u r a n i c m a t e r i a l s r e s u l t e d i n so much 

contaminat ion with t i t a n i u m from h y d r o l y s i s t h a t i t was 

r e j e c t e d ? A sample prepared by the above procedure was 

used? the mixed r a r e e a r t h o o x i d e s - thorium oxide being 

i g n i t e d . The mixed o x i d e s were d i s s o l v e d i n n i t r i c a c i d , 

a s o l u t i o n c o n t a i n i n g 10.0 mg of Fe203 added and a hydroxide 

p r e c i p i t a t i o n made, u s i n g f i v e p e r c e n t e x c e s s ammonia. 

This proved v e r y s a t i s f a c t o r y e x c e p t t h a t the scandium was 

found to be only 0 . 0 1 per cent as a g a i n s t 0.06 per cent when 

e s t i m a t e d from an o r i g i n a l s p e c t r o g r a p h i c examinat ion of the 

ore without p r e l i m i n a r y s e p a r a t i o n s . The low v a l u o f o r 

scandium might be expected owing t o the s o l u b i l i t y of i t s 

f l u o r i d e and o x a l a t e the v a l u e 0.06 per cent was a c c e p t e d . 

5 . 2 5 . C o b a l t oxide (CoO). 

The method used was the c o l o r i m e t r i c procedure 

employing N i t r o s o R s a l t ( 4 . 7 ) . A sample weighing 0 . 5 g was 

d i g e s t e d with 10 ml HN03y and 10 ml HF and evaporated to 

dryness i n a plat inum d i s h , then f u r t h e r t r e a t e d wit 'h 5 ml 

hN05; j and 10 ml 1 - 1 H2SO4 and e v a p o r a t e d t o s t r o n g fumes. 

The sample was d i l u t e d wi th w a t e r , f i l t e r e d ? washed and 

d i l u t e d to 50 ml i n . a v o l u m e t r i c f l a s k . A l i q u o t s of 20 ml 

were t a k e n and the c o l o r developed and read s p e c t r o p h o t o -

m e t r i c a l l y a t 550 m^c-. 

5 . 2 6 . Zinc oxide (ZnO). 

This was determined by the method of M i l l e r & 

Cowling ( 2 7 , 5 1 ) u s i n g d i th izot ie ( 1 0 ) . The f i l t r a t e s from the 

l e a d d e t e r m i n a t i o n (5.20) were boi ledc- free from I-I2S, 

o x i d i s e d with n i t r i c a c i d and d i l u t e d t o 500 ml. A 20 ml 

a l i q u o t e q u i v a l e n t t o " 0 . 2 g sample was t a k e n , b u f f e r e d 
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with ammonium c i t r a t e and e x t r a c t e d w i t h d i t h i z o n e . The 

f i n a l c o l o r was measured s p e c t r o p h o t o m e t r i c a l l y a t 535 m / v 

3 . 2 7 . Organic carbon (C) a r i s i n g from f l o t a t i o n reagents 

Attempts were made to e x t r a c t the f l o t a t i o n 

reagent wi th s o l v e n t s and to steam d i s t i l the v o l a t i l e 

p o r t i o n but both procedures were u n s a t i s f a c t o r y . The 

l i n s e e d f a t t y a c i d probably forms a tough s k i n around the 

p a r t i c l e s which w i l l not a l l o w the s o l v e n t s t o p e n e t r a t e 

through and g i v e complete e x t r a c t i o n of the o i l c o a t i n g t h e 

m i n e r a l s . The o r g a n i c carbon was f i n a l l y determined by 

standard procedures f o r u l t i m a t e a n a l y s i s g i v e n i n " B r i t i s h 

Standard Methods f o r the A n a l y s i s . a n d T e s t i n g of Coal and 

Coke" (2) . 

f u e l o i l and one t h i r d mixed oxygenated organic m a t e r i a l s . 

The hydrogen and oxygen could then account f o r a f u r t h e r 0 . 1 

- 0.15 p e r ' c e n t making the t o t a l f l o t a t i o n reagent v a l u e 0.74 

- 0.80 per c e n t . Only the o r g a n i c carbon was r e p o r t e d as 

the t o t a l f l o t a t i o n reagent v a l u e could not be s u i t a b l y 

determined. 

t o be p r e s e n t i n the ore and, be ing l e s s than 0.05 p e r c e n t , 

no f u r t h e r chemical work was undertaken and t h e y were 

r e p o r t e d as t h e i r spectrograph:! c v a l u e s . 

4. Compl 

The f l o t a t i o n r e a g e n t c o n s i s t s of two t h i r d s 

5 . 2 8 . Spectrogra-phic A n a l y s e s . 

T i n , niobium, zirconium and barium were found 

The Complete A n a l y s i s i s as f o l l o w s 

S i l i c a , S i0 2 

Alumina, AI2O3 

F e r r i c Oxide, Fe203 

Ferrous Oxide, FeO 

1 1 . 8 4 % 

3 .70 

18,80 
5.98 
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Complete A n a l y s i s Cont. 

M e t a l l i c i r o n , Fe 0 . 6 1 % 

Magnesia, MgO 2.43 

l i m e , CaO 1 . 3 2 

Soda, Na20 0 . 1 7 

Potash, K20 0.84 

Water at 100°C 0.33 

Water over 100°C . - 2.04 

Titanium ox ide , Ti02 44.05 

Zirconium o x i d e , Zr02 0.03 

Phosphorus Pentox ide , P20^ 0 .71 

Sulphur t r i o x i d e , SO3 0.01 

C h l o r i n e , CI 0.05 

F l u o r i n e , F 0.20 

I r o n a i s u l p h i d e / F e S 2 0.69 

Cfrromic o x i d e , Cr203 0.40 

Vanadium p e n t o x i d e , V205 1 . 1 5 

Mangaaofis o x i d e , E/InO 0 . 1 5 

Strontium oxide , SrO 0.02 

Barium o x i d e , BaO 0.03 

Lead o x i d e , PbO 0 .10 

Tin o x i d e , Sn02 0.04 

Copper o x i d e , CuO 0.02 

Boron t r i o x i d e , B2O3 0. 06 

Uranium o x i d e , U02. 0.92 

Scandium oxide , Sc203 0,. 06 

Yttr ium o x i d e , Y203 0S 23 

Lanthanon oxides 2.26 

Thorium oxide , Th02 

Niobium p e n t o x i d e , Nb205 0.03 

Cobal t o x i d e , CoO 0.01 



z^zimsjjz.. 

31 

Complete A n a l y s i s Cont. 

Zinc o x i d e , ZnO 0.03 % 

Organic Carbon, C 0.64 

N i c k e l oxide (NiO) d e t e c t e d but l e s s than 0 . 0 1 % 

A r s e n i c T r i o x i d e (AS2O3) d e t e c t e d 1 p .p .m 

100.05 

l e s s oxygen e q u i v a l e n t of 
c h l o r i n e and f l u o r i n e . 0.09 

99796" 

LANTKANON OXIDES. 

Lanthanum oxide , I ^ O ^ 1 . 0 6 % 

Cerium o x i d e , CerjO^ 0.89 

Praseodymium o x i d e , P^O^ 0.02 

Neodymium oxide;, Nd20^ 0.08 

Samarium o x i d e , Sn^O^ 0.01 

Euitpium oxide , Eu20* d e t e c t e d l e s s t h a n 
50 p.p.m 

Gadolinium o x i d e , Gd20^ 0 . 0 1 

Terbium o x i d e , TbgO^ 0.02 

Dysprosium o x i d e , Tty^O^ 0.03 
Holmium o x i d e , HOgO^ 0 . 0 1 

Erbium o x i d e , Er 0„ 0.05 
2 3 

Thulium o x i d e , Tmo0, 0.01 7 • d 5 

Ytterbium oxide",; Yb20^ 0.06 

Lutecium o x i d e , Lu20^ 0.01 

2.26 % 
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The f o l l o w i n g elements .could not be d e t e c t e d 

S p e c t r o g r a p h ! c a l l y 

Antimony, B e r y l l i u m , Bismuth, Cadmium, Gal l ium, Germanium, 

Indium, Molybdenum, Pal ladium, Thallium* Tungsten, Gold, 

Mercury, I r i d i u m , Osmium'., Plat inum, Rhenium, Rhodium, 

Ruthenium, S i l v e r , Tantalum,and Tel luriums 
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