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PRELIMINARY INVESTIGATIONS INTO CORROSION 

OF STAINLESS STEEIS DURING LEACHING 

OF URANIUM CONCENTRATES FROM 

RADIUM HILL. S.A. 

SUMMARY 

Corrosion t e s t s were car r ied out on several types of 

s t a i n l e s s s t e e l to determine t h e i r s u i t a b i l i t y f o r use in 

cons t ruc t ion of components f o r d i g e s t e r s f o r the leaching of 

Radium Hill1, c o n c e n t r a t e s . The t e s t i n g was c a r r i e d out under 

a c t u a l leaching conditions with varied i n i t i a l acid c o n c e n t r a t i o n s . 

Concentrates were leached both as received and a f t e r washing to 

remove chloride which was expected t o a f f e c t corrosion r a t e s 

m a t e r i a l l y . 

g r e a t e r in the presence o f l a r g e r amounts o f c h l o r i d e , and t h a t 

when lower i n i t i a l acid concentrat ions were use<§ corrosion was 

very severe when concentrate leached contained only 0»2% chlor ide 

a l t e r n a t i v e to s t a i n l e s s s t e e l can be found then i t wil l be 

necessary to wash a l l concentra tes to remove chloride in order 

I t was found t h a t in every instance corros ion was 

I t i s recommended t h a t s t a i n l e s s s t e e l should not be 

used f o r the const ruct ion of d i g e s t e r components. I f no 

to pro tec t the s t a i n l e s s s t e e l .from corrosion, 

Experimental O f f i c e r 
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A. INTRODUCTION 
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During the operation of the p i l o t plant f o r treatment 

of uranium concentrate from Radium H i l l , i t was noticed that 

corros ion of the s t a i n l e s s s t e e l par t s of the d i g e s t e r s was 

a c c e l e r a t e d when leaching methods were changed to the use of 

more d i l u t e sulphuric a c i d . To enable the design s t a f f to decide 

whether s t a i n l e s s s t e e l could be used with s a f e t y in the 

cons t ruc t ion of a g i t a t o r s f o r the d i g e s t e r s in the production 

plant at Port P i r i e , and, i f so , what type of s t a i n l e s s s t e e l 

would be most s u i t a b l e , corrosion t e s t i n g of various s t a i n l e s s 

s t e e l s was undertaken. 

I t was proposed to determine r e l a t i v e corrosion r a t e s 

under the two s e t s of leaching conditions t h a t had been recommended 

as a l t e r n a t i v e s for the e x t r a c t i o n of uranium, and.:also to gauge 

the e f f e c t , upon corrosion r a t e s , of the small percentage of 

chloride present in the concentra te as produced at Radium H i l l . 

This chlor ide i s introduced into the concentra te as sodium 

chloride in the water used in the ne t a l l u r g i c a l processing . 

Subsequently, corros ion r a t e s were also determined 

using a modification o f the second s e t of leaching c o n d i t i o n s . 

B. EXPERIMENTAL PROCEDURE: 

A g lass l ined k e t t l e f i t t e d with a steam jacket and a 

r e f l u x condenser was used in which to c a r r y out leaching t e s t s 

embodying the s e v e r a l v a r i a t i o n s of charge. The corrosion t e s t 

pieces were in each case t i e d t o the s t i r r e r which r o t a t e s at 

100 R.P.M. 

A number of t e s t pieces were cut from sheet of four 

d i f f e r e n t types of s t a i n l e s s s t e e l and a f resh piece was used 

f o r each v a r i a t i o n of c o r r o s i v e condi t ions . Cutting was done 

by hacksaw to avoid excess ive heating of the metal . Surfaces 

were made as clean and smooth as poss ible . Test pieces were 

weighed before and a f t e r each leach in which they were immersed 
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and corrosion r a t e s were estimated according t o l o s s e s in 

weight. Visual observations of corrosion e f f e c t s were a lso made. 

Leaching conditions were : -

( 1 ) Boi l ing f o r s i x hours with sulphuric acid of an i n i t i a l 

concentrat ion of 53% (w/w) at 52% s o l i d s (w/w) in the 

l e a c h . 

( 2 ) B o i l i n g f o r 12 hours with sulphuric acid of an i n i t i a l 

concentrat ion of 37% (w/w) at 50% s o l i d s (w/w) in the 

leach. , 

. ( 3 ) Modification of ( 2 ) above. Namely, b o i l i n g f o r 12 hours 

with sulphuric acid of an i n i t i a l concentrat ion of 46% 

(w/w) at 55.5% s o l i d s (w/w) in the l e a c h . This uses 

the same weight of sulphuric acid as in ( 2 ) . (750 l b s / 

short ton c o n c e n t r a t e . ) 

Using conditions ( 1 ) and ( 2 ) , leaches were c a r r i e d out 

on concentrates containing the normal amount of chloride as 

produced, and a lso concentra tes which had been water washed t o 

remove c h l o r i d e . In the "washed c o n c e n t r a t e " leaches d i s t i l l e d 

water was used t o make up the charge, while in the "normal 

chlor ide concentra te" l e a c h e s , t a p water was used which contained 

approximately 0 . 1 g r a m s / l i t r e c h l o r i d e . 

In. one leach , employing the more d i l u t e a c i d , the 

charge was made up by using "backwash Liquor" from the p i l o t 

p l a n t , which i s a d i l u t e l i q u o r returned to c i r c u i t , instead of 

water . The o b j e c t was to have a solut ion containing a t l e a s t 

1 g r a m / l i t r e o f f e r r i c iron in the leach before the addition of 

the acid.. The presence of f e r r i c iron in s o l u t i o n i s claimed t o 

inhibi t the corros ion of s t a i n l e s s s t e e l by sulphuric a c i d . 

A f u r t h e r leach was c a r r i e d out using l i v e steam f o r 

heating with no r e f l u x condenser, as t h i s might allow the escape 

of chloride as hydrochloric acid gas and thus a l t e r corros ion 

r a t e s . 

The leach with sulphuric acid of an i n i t i a l concentrat ion 

of 46% (w/w) at 55.5% sol ids (w/w) had the objec t of obtaining 

leach l iquor with c h a r a c t e r i s t i c s s i m i l a r t o the leach with 37$ 



- 4 = 

acid (w/w) at 50%. s o l i d s (w/w), and at the same time approach the 

corrosion c h a r a c t e r i s t i c s of the 55% acid (w/w) l e a c h at 52% 

s o l i d s (w/w). This leach was on concentra tes containing normal 

amounts o f c h l o r i d e , 

C. RESULTS s 

The r e s u l t s o f the t e s t s are shown in Table No. 1 . 

Corrosion r a t e s have been c a l c u l a t e d , according to the 

weight l o s s e s , as average depth of penetrat ion in inches per y e a r . 

In cases where cor ros ion was severe i t always took the form o f 

p i t t i n g , so t h a t , in use , the l i f e of a v e s s e l made of such 

s t a i n l e s s s t e e l plate would be fa: s h o r t e r than t h a t indicated 

by the average corros ion r a t e . I t would probably be f a i r to 

assume t h a t c o r r o s i o n takes t h i s form even when the r a t e of 

a t t a c k i s very slow, so t h a t i t would never be wise t o attempt 

t o c a l c u l a t e the useful l i f e of any s t e e l , under the corros ive 

circumstances t e s t e d , according to the average corros ion r a t e s . 

I t should also be borne in mind t h a t a very l imited 

number of leaches have been c a r r i e d out f o r the determination 

of corrosion r a t e s under each se t of condi t ions , therefore the 

f igures reported represent t h e i n i t i a l corros ion r a t e s only . 

The four s t a i n l e s s s t e e l s were label led C . P . P . , M.O., 

S . F . 25 and S . T . B . r e s p e c t i v e l y , and had the following 

compos i t i o n s s -

1# C . P . P . - -19.655 Cr , 9 . 8 ? $ Ni, 1A% Mo, 0.08?° T i . (Analysis) 

2 . M.O., - 18% Cr , 8% Ni, Mo s t a b i l i s e d . ( S p e c i f i c a t i o n ) 

3 . S . F . 2 5 - 13% Cr , 9% Ni, 1.7% Mo, T.i s t a b i l i s e d . ( S p e c i f i c -
a t i o n ) 

4 . S.T.Bo - 18% Cr , 8% Ni, Ti s t a b i l i s e d . ( S p e c i f i c a t i o n ) 

D. CONCLUSIONSs 

The following important conclusions can be drawn from 

the r e s u l t s obtained. 

1 . Chloride has a very severe a c c e l e r a t i n g e f f e c t upon 

corrosion of s t a i n l e s s s t e e l s under conditions used f o r leaching 



of Radium H i l l uranium c o n c e n t r a t e . This e f f e c t i s very much 

g r e a t e r when sulphuric acid of lower i n i t i a l concentra t ion i s 

used f o r leaching . 

2 . A l l the s t e e l s t e s t e d can be regarded as " f u l l y 

r e s i s t a n t " to corrosion ( r a t e s l e s s than 0 . 0 4 2 inches penetra t ion 

per y e a r ) when concentrate has been water washed to remove chloride 

before leaching . However, the following r e s e r v a t i o n s are made 

regarding the above s t a t e m e n t : -

( a ) the extent to which removal of chloride must be taken 

to prevent severe corrosion i s not knowu. 

(b) the e f f e c t of welding upon corrosion r a t e s of s t a i n l e s s 

s t e e l s i s not known. 

( c ) corrosion r a t e s reported represent i n i t i a l a t t a c k only, 

and r a t e s could increase subsequently. 

3 . When the chloride content of the concentrate i s reduced 

by washing, a l l of the four s t e e l s t e s t e d are equally r e s i s t a n t 

t o c o r r o s i o n . 

4 . When corrosion i s severe no one s t e e l shows most 

r e s i s t a n c e , but the s t e e l label led S . T . B . containing 18$ Cr , 

8fo Ni and Ti s t a b i l i s e d i s always the l e a s t r e s i s t a n t . 

5 . F e r r i c iron in solut ion appears not t o inhibi t cor ros ion 

of s t a i n l e s s s t e e l by sulphuric acid when a small amount of 

chloride i s p r e s e n t . 

6 . I t appears, t h a t corrosion could be reduced somewhat, 

though i n s u f f i c i e n t l y , when chloride i s present in normal amounts, 

and sulphuric a c i d . i s used f o r leaching at the r a t e of 750 l b s . 

per short ton of c o n c e n t r a t e , bys-

( a ) using l i v e steam f o r heat ing , with no r e f l u x . 

(b) using a higher % sol ids in the leach to give a higher 

i n i t i a l acid c o n c e n t r a t i o n . 

E . RECOMMENDATIONS: 

I t would be extremely hazardous to i n s t a l a g i t a t o r s , 

constructed of s ta inless , s t e e l , in the d i g e s t e r s f o r the 

leaching of Radium H i l l concentrates in the treatment- plant at 



Port P i r i e . 

If" there i s no a l t e r n a t i v e to the use o f s t a i n l e s s 

s t e e l for c o n s t r u c t i o n of a g i t a t o r s , then , i r r e s p e c t i v e of t h e 

i n i t i a l ac id , concentrat ion used in leaching , corrosion w i l l be 

severe unless concentrates are washed* I f the lower acid 

concentra t ion leach i s used the corrosion would be quite 

i n t o l e r a b l e unless concentra tes are washed t o remove c h l o r i d e . 

I f washing of concentra tes i s undertaken, the allowable 

degree of contamination by chloride in the concentra tes (which 

has not yet been es tab l i s h ed ) must never be exceeded or the 

expensive s t a i n l e s s s t e e l equipment could be ruined„ 

Other precautions to see t h a t chloride i s not admitted 

t o the d i g e s t e r s would be necessary . 



T A B 1 1 1 Oo I . 

XBAOHXIG CONDITIONS FOR 
CORROSION TESTS 0 

Chloride lumber of Label 
Content o f leaches Denoting 
Rad ium H i l l Test Type o f 
C one ent ra t e 3Pie c e s S t ain l e s s 

Subjected • S t e e l 
To 

Average 
Corrosion 
Bate in 
Inches 
Penetra t ion 
per Year 

COMMENTS 

l e a c h at 52% s o l i d s (w/w) with 
i n i t i a l sulphuric acid concen-
t r a t i o n of 53% (w/w)0 B o i l i n g 
f o r 6 hours, B„P<> temie rature 
120°C - 110°G 

As received 

0 o l 2 

and 

0 o20 
% CI 

Q • 3?» 3?$ 

M o O . 

Sol . 25 

O ts T O 3 O 

0 o043 

Q.,224 

0 „044 

1*993 

l o v i s i b l e signs of corros ion 

l o v i s i b l e s igns o f corros ion on plain 
surfaces , but s l i g h t e tching o f dges, 

l o v i s i b l e s igns of corrosion« 

larked etching o f sur faces 

l each at 50% s o l i d s (w/w) with 
i n i t i a l sulnhuric acid concen-
t r a t i o n of 37% (w/w). Boil ing 
for 12 hours,. B e p 0 temperature 
113 °C - 105 °C 

As received 

0 ,23 
% CI 

C o J?o 1?® 

M#00 

S,I„ 25 

SoT.B. 

1»85 

2 ,46 

1 ,83 

6,26 

Leach at 52% s o l i d s (w/w) with 
i n i t i a l sulphuric acid concen-
t r a t i o n o f 53% (w/w). B o i l i n g 
f o r 6 hours o B*3?„ temperature 

' 120°C - 110°C 

ffa"ter 
Washed 

0 s 0 2 
and 
0 . 0 5 
% CI 

S J » 25 

SoTiBo 

0 O0066 

0 ,0037 

0 , 0 0 2 ? 

0 ,0042 

Corrosion, mostly around edges, and 
only s e v e r a l small p i t t ings on plain 
surfaces-

Corrosion mostly around edges, but 
a l so much p i t t i n g o f plain sur faces 

Corrosion mostly around edges, but 
a l so s e v e r a l large p i t t i n g s on p la in 
sur faces 

Whole- t e s t piece honeycombed with 
deep p i t t i n g s . 

No v i s i b l e signs o f c o r r o s i o n 

l o v i s i b l e signs of corros ion 

No v i s i b l e s igns o f corros ion 

l o v i s i b l e signs o f corros ion 

Leach a t 50% s o l i d s (w/w) with l a t e r C«3?« Po 080010 l o v i s i b l e signs of corros ion • ' 
i n i t i a l sulphuric acid concen- Washed 
t r a t i o n o f 37% (w/w)® B o i l i n g 0*0029 No v i s i b l e signs o f corros ion . : 
f o r 12 hourso B0P0 temnerature 0o06 1 

: 113°C - 105 °C. % CI S o l . 25 0 . 0 0 1 ? No v i s i b l e s igns o f corros ion ; 

S- § T $ B o 0 .0033 l o v i s i b l e s igns of corros ion 

1)6ach a t 50%'sol ids (w/w) with 
i n i t i a l sulphuric acid concen-
t r a t i o n o f 37% (w/w)„ B o i l i n g 
f o r 12 hours„ B .P 0 temperature 
113°C - 105°0;. "Backwash" 
used instead of water in charge 
so as t o have at l e a s t 1 gram/ 

• l i t r e o f F e + + + in solut ion, 
before acid addition 

As received 

% CI 
not 

determined 

0«So "So 

1 , 0 . 

S . I \ 25 

S »T. B o 

2 „83 

3 , 1 8 

2 c 50 

10 ,43 

Corrosion mostly around edges, but 
a l so one plain surface badly p i t t e d . 

Corrosion mostly around edges, but 
also much p i t t i n g of plain s u r f a c e s . 

Corrosion mostly around edges, but 
a l so one plain surface badly pitted.* 

Whole t e s t piece honeycombed with 
deep p i t t i n g s j and l i t t l e o f 
o r i g i n a l sur face remaining.-

l each a t 50% s o l i d s (w/w) with 
i n i t i a l sulphuric acid concen-
t r a t i o n of 37% (w/w). B o i l i n g 
f o r 12 hours« B«P0 temperature 
113°C ~ I05°C. Heated by l i v e 
steam and using no r e f l u x con-
denser 

As received 

% 01 
not 

determined 

C*J?«> 

MoO, 

S»F. 25 

S »T.B. 

Oo35 

l.« 8 8 

1 ,29 

5 , 8 8 

Some corros ion around edges, but 
plain s u r f a c e s e s s e n t i a l l y f ree of 
p i t t i n g 

Corrosion mostly around edges, with a 
few small p i t t i n g s on plain s u r f a c e s 

Corrosion mostly around edges, with 
s e v e r a l la rge p i t t i n g s on pla in 
sur faces 

Many deep p i t t i n g s on a l l s u r f a c e s 
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