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SUMMARY 

Background 

Since the u r a n i u m t r e a t m e n t plant at P o r t P i r i e c e a s e d ope ra t ion at the 
end of 1961, v a r i o u s a t t e m p t s have been made to find a su i tab le u s e f o r the 
plant i t se l f , p r e f e r a b l y so that the plant might continue in P o r t P i r i e a s a 
working indus t ry . The South A u s t r a l i a n Governmen t D e p a r t m e n t of Mines 
h a s sought potent ia l u s e r s amongs t c h e m i c a l and m i n e r a l compan ie s . A m d e l 
ha s p r ev ious ly inves t iga ted a s p e c t s of the p l a n t ' s su i tab i l i ty f o r u s e in the 
product ion of m a g n e s i a f r o m s e a - w a t e r but the plant was not c o n s i d e r e d 
l a r g e enough by the compan ie s i n t e r e s t e d in th i s f ie ld of ope ra t i ons . 

No new appl ica t ions with b e t t e r po ten t ia l than the m a n u f a c t u r e of 
m a g n e s i a w e r e found in subsequent inves t iga t ions , so cons ide ra t i on was then 
d i r ec t ed to the poss ib l e u s e of the b i c a r b o n a t e p r o c e s s f o r the produc t ion of 
high pur i ty m a g n e s i a in the P o r t P i r i e p lant . 

Objec t ive 

The b r o a d ob jec t ive of th i s work was to examine the f ea s ib i l i t y and 
economics of m a g n e s i a m a n u f a c t u r e at P o r t P i r i e by the b i c a r b o n a t e p r o c e s s . 

S u m m a r y of Work Done 

An a p p r a i s a l of the b i c a r b o n a t e p r o c e s s was conducted with r e f e r e n c e to 
i ts su i tab i l i ty f o r opera t ion in the ex is t ing plant at P o r t P i r i e . A p r e l i m i n a r y 
f low shee t and m a t e r i a l s b a l a n c e was de r ived f o r a plant output of 50 ton p e r 
day of high pu r i ty m a g n e s i a . T h i s was r e p o r t e d in a P r o g r e s s Repor t which 
is included in t h i s r e p o r t a s Appendix A. 

A m a r k e t s u r v e y was c a r r i e d out to d e t e r m i n e the u s e s and ava i l ab le 
m a r k e t s f o r m a g n e s i a in A u s t r a l i a . Th i s s u r v e y is d e s c r i b e d in the body 
of t h i s r e p o r t . 

Conclus ion and R e c o m m e n d a t i o n s 

Although the plant at P o r t P i r i e could be modi f ied to p roduce high pu r i t y 
m a g n e s i a by the b i c a r b o n a t e p r o c e s s , the p r e s e n t s t a t e of the m a r k e t does 
not w a r r a n t r e t a in ing the plant f o r the produc t ion of th i s m a t e r i a l . 

Although A u s t r a l i a n r e q u i r e m e n t s of m a g n e s i a in 1966 a r e e s t i m a t e d to 
be 40, 000 tons ,on ly about 10% would be r e q u i r e d a s high pu r i ty m a g n e s i a . 
The l a r g e s t consumpt ion is in r e f r a c t o r i e s , but th i s m a r k e t is l a r g e l y 
suppl ied f r o m low cos t i m p o r t s with which A u s t r a l i a n m a n u f a c t u r e r s cannot 
compe te . In addi t ion , the u s e of high pu r i ty m a g n e s i a in r e f r a c t o r i e s f o r 
h ighe r s e r v i c e t e m p e r a t u r e s e. g. in s t e e l making , h a s not developed in 
A u s t r a l i a to the s a m e extent a s o v e r s e a s . If it does develop it i s c o n s i d e r e d 

s^Tthat p roduc t ion of m e d i u m - h i g h pur i ty m a g n e s i a (9.8% MgO) f r o m s e a - w a t e r 
J/—would be the be s t s o u r c e of supply. 
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1. INTRODUCTION 

P r e v i o u s inves t iga t ions at Amde l into pos s ib l e u s e s f o r the u r a n i u m 
t r e a t m e n t P lan t at P o r t P i r i e had included cons ide ra t i on of product ion of 
m a g n e s i a f o r c h e m i c a l and r e f r a c t o r y u s e . The P o r t P i r i e P lan t was 
or ig ina l ly des igned fo r ope ra t ions such a s leaching, c o u n t e r - c u r r e n t 
decanta t ion , ion-exchange and p rec ip i t a t ion . Although the P lan t could be 
modif ied if r e q u i r e d , the p e r m i s s i b l e expendi tu re would depend on economics 
of the p roposed p r o c e s s . The economics of c h e m i c a l i ndus t ry g e n e r a l l y in 
South A u s t r a l i a a r e a d v e r s e l y a f f ec t ed by the lack of subs t an t i a l loca l 
m a r k e t s and d i s t a n c e s f r o m o ther m a r k e t s within A u s t r a l i a . Any m a t e r i a l 
p roduced should t h e r e f o r e p o s s e s s s o m e d e g r e e of e x c l u s i v e n e s s such a s 
in being de r ived f r o m a loca l m i n e r a l s o u r c e not r e a d i l y ava i l ab le e l s e w h e r e , 
o r in be ing r e q u i r e d in subs t an t i a l quant i t i es by a loca l m a r k e t not r e a d i l y 
suppl ied f r o m o ther s o u r c e s . 

F o r t h e s e r e a s o n s , inves t iga t ions have been d i r e c t e d t o w a r d s p r o c e s s i n g 
m i n e r a l depos i t s which a r e r e a d i l y ava i l ab le in the vic ini ty of P o r t P i r i e . 
Some m i n e r a l p r o c e s s i n g ope ra t ions such a s l each ing of m e t a l l i c o r e s w e r e 
quickly d i s c a r d e d b e c a u s e indicated r e s e r v e s and produc t ion r a t e s w e r e not 
suf f ic ien t to p rov ide a r e a s o n a b l e load f o r the plant . The produc t ion of 
m a g n e s i u m oxide was c o n s i d e r e d b e c a u s e loca l r a w m a t e r i a l s could be used 
and t h e r e a p p e a r e d to be pos s ib l e m a r k e t s f o r u s e a s r e f r a c t o r i e s f o r 
s t e e l m a k i n g (at Whyalla) a s wel l a s in o the r r e f r a c t o r i e s and c h e m i c a l u s e s 
in South A u s t r a l i a n and o ther S ta tes . 

P roduc t ion of m a g n e s i a of r e f r a c t o r y g r a d e (or be t t e r ) could be u n d e r -
taken in t h r e e ways. In p robab le a scend ing o r d e r of p roduc t pu r i t y t h e s e 
a r e a s fo l lows: -

Ca lc ina t ion of m i n e r a l m a g n e s i t e . 

P r e c i p i t a t i o n f r o m sea -wa te r ( "Dol ime" p r o c e s s ) 

Leaching f r o m ca lc ined m a g n e s i t e 
(b ica rbona te p r o c e s s ) 

Cons ide ra t ion of t h e s e ' p r o c e s s e s in r e l a t i on to u t i l i za t ion of the P o r t P i r i e 
P lan t i m m e d i a t e l y f a v o u r s the two l a t t e r p r o c e s s e s , b e c a u s e a s i m p l e 
ca lc ina t ion ope ra t ion (i. e. the f i r s t p r o c e s s ) could be unde r t aken with equal 
convenience e l s e w h e r e , p a r t i c u l a r l y at the point of min ing the m a g n e s i t e . 

In 1961 s o m e cons ide ra t i on was given to the su i tab i l i ty of the P o r t 
P i r i e P lan t f o r p roduc ing m a g n e s i a f r o m s e a - w a t e r . A g e n e r a l s c h e m e was 
outl ined f o r adapta t ion of the P lan t to the s y s t e m used by a K a i s e r C h e m i c a l 
Divis ion Plant , in Ca l i fo rn i a . 1 Subsequent ly d i s c u s s i o n s took p lace be tween 
the D e p a r t m e n t of Mines and s e v e r a l o v e r s e a s compan ie s which showed 

1. 

2. 

3! 

1. I n t e r i m Repor t on Amde l P r o j e c t l / l / 3 9 byDv Hall , Sep t ember 1961. 
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i n t e r e s t in the p roposed under tak ing . Nothing developed f r o m t h e s e 
d i s c u s s i o n s b e c a u s e the compan ie s cons ide red that without m a j o r addi t ions 
be ing m a d e to the P o r t P i r i e P lan t , it could p rov ide only a f r a c t i o n of the 
capac i ty n e c e s s a r y f o r economic opera t ion . 

In 1965 when the p r e s e n t p r o j e c t was commenced , an a p p r a i s a l was 
m a d e of the b i c a r b o n a t e p r o c e s s f o r product ion of high g rade m a g n e s i a at 
P o r t P i r i e u s i n g m a g n e s i t e f r o m P o r t G e r m e i n a s the l ike ly r a w m a t e r i a l . 
A p r e l i m i n a r y f low shee t was p r e p a r e d f o r u s e at the P lan t to p roduce 50 
tons p e r day of p roduc t . ( s e e Appendix A). 

Dur ing t h e s e s tud ie s no inves t iga t ion was made of the m a r k e t f o r the 
produc t in A u s t r a l i a . The r e q u i r e m e n t f o r u s e a s r e f r a c t o r i e s was known 
to be subs t an t i a l and other- well e s t ab l i shed u s e s w e r e a s an a lka l i and f o r 
m a n u f a c t u r e of m a g n e s i u m s a l t s . S ta t i s t i c s publ ished by the Commonwea l th 
Bureau of M i n e r a l R e s o u r c e s a l s o indicated subs t an t i a l mine p roduc t ion of 
m a g n e s i t e in New South Wales ( app rox ima te ly 60, 000 tons p e r y e a r min imum) 
while o the r i n fo rma t ion sugges ted that r e s e r v e s w e r e l imi ted and i m p o r t s 
g e n e r a l l y subs tan t i a l . 

The need f o r m o r e a c c u r a t e m a r k e t s u r v e y was a p p a r e n t b e c a u s e any 
eng inee r ing des ign , however approx imate , would r equ i r e , a s ta ted plant 
capac i ty a s i ts s t a r t i n g point. 

An inves t iga t ion of ava i l ab le m a r k e t s was unde r t aken , to p rov ide 
i n fo rma t ion r e l a t i v e to the economics of e s t ab l i sh ing a m a g n e s i a plant at 
P o r t P i r i e . Th i s r e p o r t d e s c r i b e s the me thods and r e s u l t s of th i s m a r k e t 
inves t iga t ion and ind ica tes t h e i r e f fec t on the p rev ious p r o p o s a l s . 

2. AIM OF T H E MARKET SURVEY , 

The p r i m a r y a i m of the s u r v e y was to d e t e r m i n e c u r r e n t consumpt ion 
of m a g n e s i a in A u s t r a l i a , and in South A u s t r a l i a p a r t i c u l a r l y . B e c a u s e 
the t e r m " m a g n e s i a " inc ludes ca lc ined m a g n e s i t e ( e i the r c a u s t i c - c a l c i n e d 
o r d e a d - b u r n t g rades ) a s well a s chemica l l y p r ec ip i t a t ed g r a d e s , a l l t ypes 
w e r e included in the scope of the inves t iga t ion with a s e c o n d a r y a i m of 
d e t e r m i n i n g consumpt ion of d e a d - b u r n t g r a d e s (v i r tua l ly a l l in r e f r a c t o r i e s ) 
c o m p a r e d with caus t i c and c h e m i c a l g r a d e s ( chemica l p u r p o s e s and s o m e 
r e f r a c t o r y m a t e r i a l s ) . 

It i s u sua l to cons ide r the m a j o r u s e r s of the produc t in ques t ion , so 
that when s o u r c e s of supply a r e a l s o taken into account a g e n e r a l p i c t u r e 
is obtained of the supply, p r i nc ipa l a r e a s of consumpt ion , and the ident i ty 
of m a j o r p r o d u c e r s and c o n s u m e r s . 

3. METHODS OF THE SURVEY. 

The g e n e r a l method adopted to d e t e r m i n e c u r r e n t consumpt ion of 
m a g n e s i a in A u s t r a l i a was to co l lec t u p - t o - d a t e s t a t i s t i c a l i n f o r m a t i o n on 

. p r o d u c t i o n , i m p o r t s and export of m a g n e s i t e . Burned (calcined) m a g n e s i t e 
was known to be the u s u a l s o u r c e of both dead-burnt!:and caus t i c m a g n e s i a . . 
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Ther.e is no A u s t r a l i a n plant p roduc ing p r ec ip i t a t ed m a g n e s i a on a l a r g e 
s ca l e . Other publ ished in fo rma t ion , p a r t i c u l a r l y that f r o m the 
Commonweal th Bureau of M i n e r a l R e s o u r c e s gave indica t ions of u s e s of 
r a w m a g n e s i t e , while i n fo rma t ion on the consumpt ion a s r e f r a c t o r i e s and 
in the s t e e l i ndus t ry was obtained f r o m compan ie s ope ra t i ng in t h e s e f i e l d s . 

4. RESULTS OF. THE SURVEY 

4. 1 A u s t r a l i a n P roduc t ion of Magnes i t e 

P roduc t ion of m a g n e s i t e h a s a lways been cons ide r ab ly h ighe r in New 
South Wales than in o the r S ta tes . In W e s t e r n A u s t r a l i a t h e r e h a s been 
m o d e r a t e product ion , up to a l m o s t 10, 000 tons in s o m e y e a r s , but in T a b l e 1 
only the amoun t s p roduced in New South Wales and South A u s t r a l i a have been 
r e c o r d e d s e p a r a t e l y . 

P roduc t ion of m a g n e s i t e h a s decl ined s t ead i ly in r e c e n t y e a r s . In 
New South Wales the ma in produc ing a r e a s a r e at Young and F i f i e ld , but 
p roduc t ion f r o m l e a s e s at F i f i e ld held by the; BHP Co.Ltd ha s dec l ined ' 
cons ide rab ly , appa ren t ly b e c a u s e of deple ted r e s e r v e s . Other p roduc t ion 
is continuing in the s a m e a r e a however , the m a t e r i a l be ing l a r g e l y used f o r 
m a n u f a c t u r e of r e f r a c t o r i e s . Only a few hundred tons of South A u s t r a l i a n 
m a g n e s i t e have been p roduced annual ly and m o s t of it is u sed f o r the 
m a n u f a c t u r e of m a g n e s i u m s a l t s in Adela ide . T h e r e h a s been no r e c e n t 
product ion f r o m the depos i t s n e a r P o r t G e r m e i n which a r e con t ro l l ed by 
the BHP Co. Ltd. 

4. 2 Magnes i t e E x p o r t s and I m p o r t s 

E x p o r t s of m a g n e s i t e have gene ra l l y been s m a l l . In 1961 s o m e 27 00 
tons w e r e expor ted , mos t of the m a t e r i a l be ing r a w m a g n e s i t e f r o m W e s t e r n 
A u s t r a l i a . Subsequent ly expo r t s f e l l unt i l in 1964 and 1965 expo r t s aga in 
r o s e above 2000 tons . The bulk of th i s m a t e r i a l i s known to be high pu r i ty 
caus t i c ca lc ined m a g n e s i a p roduced in New South Wales a s a p r e m i u m g r a d e 
m a t e r i a l and expor ted f o r the p roduc t ion of f u s e d magnes ia . , Owing to the 
s m a l l quan t i t i e s involved, expo r t s have been c o n s i d e r e d a s p a r t of the to t a l 
A u s t r a l i a n demand r a t h e r than be ing given s e p a r a t e cons ide ra t i on in t h i s 
su rvey . 

In c o n t r a s t to expo r t s , i m p o r t s of m a g n e s i t e have been subs t an t i a l f o r 
s o m e y e a r s , and unt i l r e c e n t l y have tended to i n c r e a s e a s loca l p roduc t ion 
d e c r e a s e d . T h i s s i tua t ion is shown in Table. 2. 

C o n s i d e r a t i o n of the quan t i t i es impor t ed unde r each i t e m of the de ta i led 
c l a s s i f i c a t i o n publ ished by the Commonwea l th S ta t i s t i c i an shows that the 
i m p o r t s w e r e p redominan t ly in the f o r m of d e a d - b u r n t m a g n e s i t e , and tha t 
c aus t i c ca lc ined m a t e r i a l and o the r g r a d e s m a d e up l e s s than 1% of the to ta l . 
S e p a r a t e i m p o r t s of r e f r a c t o r y b r i c k s and shaped m a t e r i a l s containing 
m a g n e s i t e w e r e of the o r d e r of 5000 tons in 1963-64 and n e a r l y 7000 tons in 
1964-65. C u r r e n t f i g u r e s however , indica te an annual i m p o r t r a t e of about 
4000 tons of which the m a g n e s i t e content h a s been e s t i m a t e d at 3000 tons . 
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4. 3 P r i n c i p a l U s e s of Magnes ia 

Taken t oge the r , the i m p o r t s of d e a d - b u r n t m a g n e s i t e (which is pr imar i ly-
used to m a n u f a c t u r e r e f r a c t o r i e s ) , and of r e f r a c t o r y b r i c k s etc . e m p h a s i z e 
the i m p o r t a n c e of t h i s appl ica t ion in r e l a t i on to the to t a l consumpt ion of 
m a g n e s i a in A u s t r a l i a . With the addi t ional knowledge of p roduc t ion in New 
South Wales the Bureau of M i n e r a l R e s o u r c e s e s t i m a t e d that p roduc t ion of 
r e f r a c t o r i e s accounted f o r 89% of a p p a r e n t consumpt ion in 1964. 

The s t e e l i ndus t ry i s the l a r g e s t u s e r of b a s i c r e f r a c t o r i e s which 
contain d e a d - b u r n t m a g n e s i t e . Other s i m i l a r types a r e a l s o used in b a s e 
m e t a l s m e l t e r s and in cement k i lns . 

It is be l ieved that the change to b a s i c oxygen p r o c e s s s t e e l m a n u f a c t u r e 
in A u s t r a l i a , in p l ace of the open h e a r t h p r o c e s s , is caus ing a m a r k e d 
change in the consumpt ion of m a g n e s i t e f o r r e f r a c t o r i e s in s t e e l f u r n a c e s . 
The r e f r a c t o r y m a t e r i a l a t p r e s e n t f avoured by BHP f o r u s e in the b a s i c 
oxygen p r o c e s s is b a s e d on dolomi te with only a s m a l l amount of m a g n e s i t e 
a l s o p r e s e n t . S tee l is now m a n u f a c t u r e d at Whyalla and Newcas t l e by the 
b a s i c oxygen p r o c e s s and the P o r t Kembla f a c i l i t i e s a r e a l so expected to 
change f r o m open h e a r t h produc t ion in the next few y e a r s . 

W h e r e a s m a g n e s i t e b a s e d r e f r a c t o r i e s have been s a t i s f a c t o r y f o r open 
h e a r t h s t e e l f u r n a c e s in the pas t , o v e r s e a s r e p o r t s indicate that b a s i c 
oxygen f u r n a c e s r e q u i r e h ighe r pu r i t y r e f r a c t o r y m a t e r i a l (e. g. 98% Mg,0 
f r o m sea -wa te r ) to be able to wi ths tand the h ighe r ope ra t ing t e m p e r a t u r e s . 
T h i s p r a c t i c e is not fol lowed in A u s t r a l i a s ince a s ment ioned above a 
d o l o m i t e - b a s e d r e f r a c t o r y m a t e r i a l is u sed by BHP. It i s not known 
however , whe the r o r not f u t u r e t e chn ica l development m a y c a u s e a swing 
t o w a r d s the u s e of m a g n e s i a r e f r a c t o r i e s by BHP. 

The o the r u s e s of m a g n e s i a a s a p u r e m a t e r i a l o r t e chn ica l g r a d e of 
c a u s t i c - c a l c i n e d m a g n e s i t e , a r e chief ly in the m a n u f a c t u r e of c h e m i c a l s , 
c e m e n t s and insu la t ing m a t e r i a l s . A p a r t f r o m p h a r m a c e u t i c a l u s e of 
high g r a d e m a g n e s i a the. p roduc t ion of m a g n e s i u m s a l t s a l s o r e q u i r e s 
ca lc ined m a g n e s i t e a s r a w m a t e r i a l . F . H . Fau ld ing and Co. Ltd, p r o d u c e 
m a g n e s i u m su lpha te and n i t r a t e but the to ta l amount of r a w m a g n e s i t e u sed 
is now only app roach ing the' equivalent of 500 tons of m a g n e s i a p e r annum. 

By addi t ion of the annual t o t a l s in T a b l e s 1 and 2 an. a p p r o x i m a t e f i g u r e 
m a y be obtained f o r the a p p a r e n t annua l consumpt ion of m a g n e s i a in 
A u s t r a l i a . T h i s exc ludes any a l lowance f o r impor t ed m a g n e s i t e b r i c k s 
and f o r changes in s tocks , but inc ludes c u r r e n t expor t s of ca lc ined 
m a g n e s i t e . The a p p a r e n t consumpt ion f o r the l a s t 3 y e a r s is a s fo l lows: 

4. 4 Appa ren t Consumpt ion of Magnes ia 

Y e a r Tons 

1963 
1964 
1965 

58, 800 
60 , 100 
42 ,100 
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The consumpt ion in 1966 is expected to be lower than in 1965 owing to 
the p reva i l i ng s i tuat ion in-the s t e e l indus t ry . If consumpt ion were to d rop 
s l ight ly to a round 40, 000 tons then f r o m a l l i n fo rma t ion r e c e i v e d an 
a p p r o x i m a t e sp l i t - up of the t o t a l might be a s fo l lows: 

Use . Tons 

R e f r a c t o r i e s f o r s t e e l m a n u f a c t u r e 15,000 

C h e m i c a l and m i s c e l l a n e o u s u s e s 
including expo r t s 7, 000 

Other r e f r a c t o r i e s 18-, 000 

The to ta l amount consumed in South A u s t r a l i a is expected to be s m a l l . 
At p resen t , the consumpt ion by . the Whyalla s t e e l works of r e f r a c t o r y 
m a t e r i a l s m a n u f a c t u r e d at Newcas t l e is l e s s than 2000 tons p e r y e a r . The 
e s t ima ted t o t a l consumpt ion . in South A u s t r a l i a could exceed 5000 tons but 
an a c c u r a t e a s s e s s m e n t h a s not .been a t t empted owing to the o v e r - r i d i n g 
i m p o r t a n c e of the economic f a c t o r s d e s c r i b e d below. 

4. 5 P r i c e s and Sources of Supply 

Calc ined m a g n e s i t e h a s been impor t ed f r o m a l a r g e n u m b e r of 
d i f f e ren t c o u n t r i e s in pas t years , , but s ince the beginning of 1963, when 
i m p o r t s r o s e cons ide rab ly , J a p a n and USA have been the m a j o r s u p p l i e r s . 
T h e s e two coun t r i e s t oge the r have suppl ied m o r e than two t h i r d s of to ta l 
i m p o r t s s ince 1963. In 1965 t h e r e w e r e subs t an t i a l i m p o r t s f r o m India 
but t h e s e have now v i r t ua l l y cea sed . M o r e than 99% of the quant i ty 
impor t ed was r e c e i v e d into New South Wales p o r t s p r e s u m a b l y b e c a u s e 
much of the m a t e r i a l f r o m Japan was shipped a s back c a r g o in v e s s e l s 
engaged in coa l sh ipment f r o m A u s t r a l i a . 

. The a v e r a g e cos t of i m p o r t s in 1965 was ca lcu la ted f r o m the 
Commonwea l th S ta t i s t i c ian!s c u r r e n t impor t t abu la t ions . The fol lowing 
f i g u r e s w e r e obtained f o r the m a j o r sources; of supply: 

Coun t ry $A p e r ton fob 

India 45 
Japan 5 0 
USA' ' 65 

The addi t ion of duty and f r e i g h t c h a r g e s (poss ib ly at back loading r a t e s ) 
would b r i n g the landed cost of supp l i e s f r o m India and Japan to the r a n g e of 
$ 5 5 - 6 0 pe r ton. The cos t of m a t e r i a l f r o m USA would be about $ 7 5 .per ton 
p r e s u m a b l y f o r 98% magnesia , de r ived f r o m sea -wa t e r . The s o u r c e of 
J a p a n e s e m a t e r i a l i s unknown. 

The p r i c e of ca lc ined magnes i te , f r o m two NSW p r o d u c e r s who a r e the 
mos t subs t an t i a l A u s t r a l i a n s u p p l i e r s is a p p r o x i m a t e l y $ 9 5 p e r ton. 
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M a t e r i a l at th i s p r i c e is not compet i t ive with impor t ed m a t e r i a l . In 
addi t ion, the r e s e r v e s of m a g n e s i t e in the BHP l e a s e s at F i f i e ld NSW a r e 
r e p o r t e d to be low and mining f r o m this, s o u r c e h a s d imin i shed . A l s o the 
p r e s e n t and p roposed e s t ab l i shmen t of r e f r a c t o r y m a n u f a c t u r i n g p lan t s in 
A u s t r a l i a by compan ies with A m e r i c a n a f f i l i a t ions is l ike ly to f avou r 
i n c r e a s i n g l y the u s e of high pur i ty m a g n e s i a f r o m s e a - w a t e r r a t h e r : than 
ca lc ined m a g n e s i t e . 

5. DISCUSSION 

5. 1 Marke t f o r High P u r i t y Magnes ia 

The produc t f r o m the b i c a r b o n a t e p r o c e s s p roposed f o r the P o r t P i r i e 
P lan t ( see Appendix A) probably would contain 99. 0-99. 5% MgO, but f r o m 
the i n fo rma t ion obtained in th i s m a r k e t s u r v e y it is c o n s i d e r e d that the 
m a r k e t f o r high pur i ty m a g n e s i a would be r e l a t i v e l y s m a l l . 

The app l ica t ions of m a g n e s i a which have been d i sc lo sed by the s u r v e y 
m a y be b road ly c l a s s i f i e d a s fo l lows: 

1. R e f r a c t o r i e s : 
a . f o r s t e e l m a n u f a c t u r e 

b. o t h e r s 

2. C h e m i c a l and o the r u s e s : 
a . p h a r m a c e u t i c a l and spec i a l c h e m i c a l 

b. o r d i n a r y c h e m i c a l app l i ca t ions , c e m e n t s , 
insulat ion, etc . 

Magnes ia of high pur i ty would only be n e c e s s a r y f o r the p h a r m a c e u t i c a l 
and spec i a l c h e m i c a l app l ica t ions ; a l l r e f r a c t o r y app l ica t ions be ing 
adequa te ly s e r v e d by m a t e r i a l of up to 98% puri ty(e .g; a s in m a g n e s i a 
obtained f r o m s e a - w a t e r ) . T h e r e is an added compl ica t ion in that the s t e e l 
i ndus t ry in A u s t r a l i a is at p r e s e n t r educ ing i ts consumpt ion of m a g n e s i t e 
r e f r a c t o r i e s , w h e r e a s th i s s e c t o r of indus t ry in p a r t i c u l a r would have been 
expected to r e q u i r e high pur i ty m a g n e s i a f o r h ighe r t e m p e r a t u r e s of 
s e r v i c e . It i s expected that the u s e of high pu r i ty m a g n e s i a in r e f r a c t o r i e s 
f o r i n d u s t r i e s o ther than s t e e l making will i n c r e a s e s lowly f o r the s a k e of 
bene f i t s such a s longer working l i fe that may be obtained, but t h e r e ha s 
been no m a j o r t echnologica l change to c o m p a r e with the in t roduc t ion of the 
b a s i c oxygen s t e e l p r o c e s s . 

If a s e s t i m a t e d in Section 4. 4 the m a r k e t f o r a l l c h e m i c a l u s e s of 
m a g n e s i a in 1966 is 7000 tons the p robab le amount of high pur i ty m a g n e s i a 
r e q u i r e d would be only half that amount . Even a l lowing f o r s o m e c u r r e n t 
expor t s of high pur i ty m a g n e s i a de r ived f r o m bene f i c i a t ed m a g n e s i t e , t h e 
m a x i m u m demand f o r the m a t e r i a l p roduced by the b i c a r b o n a t e p r o c e s s 
would be a p p r o x i m a t e l y 4000 tons p e r y e a r . 
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T h e r e a p p e a r s to be a much m o r e subs t an t i a l m a r k e t ava i l ab le f o r 
m a t e r i a l which is su i tab le f o r r e f r a c t o r y u s e in the h ighe r r a n g e of s e r v i c e 
t e m p e r a t u r e s . As ment ioned above, th i s p u r p o s e is appa ren t ly s e r v e d by 
.magnesia obtained f r o m s e a - w a t e r by the dolomi te t r e a t m e n t p r o c e s s , a s 
the produc t conta ins about 98% MgO, .1.5% CaO and 0. 5% Si0 2 . The low 
s i l i ca content would enable the ma te r i a l^ to be f o r m e d into r e f r a c t o r i e s by 
d i r ec t s i n t e r bonding, a p r o c e s s which is c l a imed to yield improved 
proper t ies" in the m o d e r n b a s i c r e f r a c t o r i e s conta ining high pu r i ty m a g n e s i a . 
Magnes ia obtained f r o m the b i c a r b o n a t e p r o c e s s p robab ly would be p u r e r 
than n e c e s s a r y f o r th i s appl ica t ion and would not be c h e a p e r than s e a r w a t e r 
m a g n e s i a . . On th i s b a s i s the m a r k e t po ten t ia l f o r s e a - w a t e r m a g n e s i a 
would be g r e a t e r than f o r b i c a r b o n a t e p r o c e s s m a g n e s i a . Deve lopment s in 
the m a r k e t should be obse rved to d e t e r m i n e the f u t u r e p a t t e r n of m a g n e s i a 
consumpt ion in r e f r a c t o r i e s b e c a u s e t h e r e may be jus t i f i ca t ion f o r the 
e s t ab l i shmen t of a plant .for product ion of m a g n e s i a f r o m s e a - w a t e r when 
the m a r k e t i s . l a r g e r . The u s e of the P o r t P i r i e U r a n i u m . P l a n t f o r t h i s 
p u r p o s e however , h a s a p p a r e n t l y not appea led to potent ia l p r o d u c e r s 
b e c a u s e a l a r g e r s c a l e of ope ra t i ons i s cons ide red adv i sab le f o r economy. 

5. 2 Cost and Supply C o n s i d e r a t i o n s Relevant to 
P roduc t ion of Magnes ia . . 

As indicated in Sect ion 4. 5 the landed cost in New South Wales of dead-
burn t m a g n e s i a f r o m USA is e s t i m a t e d at $ 7 5 p e r ton and c h e a p e r m a t e r i a l s 
a r e ava i l ab le f r o m Japan and India. The cos t of p roduc t ion of m a g n e s i a at 
P o r t P i r i e by the b i c a r b o n a t e p r o c e s s hag not been e s t i m a t e d but the cos t of 
r a w m a g n e s i t e and fue l a lone f o r the p r o c e s s p r o p o s e d ( see Appendix A) ha s 
been ca lcu la ted at $ 3 5 p e r ton of p roduc t . T r a n s p o r t c o s t s f r o m South 
A u s t r a l i a to m a r k e t s in New South Wales would add c o n s i d e r a b l y to se l l ing 
cos t s if n o r m a l r a t e s appl ied . . 

The supply of r a w m a t e r i a l s f o r the m a n u f a c t u r e of m a g n e s i a e i the r 
f r o m sea wa te r o r f r o m m a g n e s i t e involves m a t e r i a l s which a r e l a r g e l y 

. con t ro l led at p r e s e n t by the BHP Co. Ltd. 
Although o the r supp l i e s m a y be ava i l ab le the mos t l ike ly s o u r c e s a r e 

the A r d o s s a n depos i t s of dolomi te , f o r u s e in the s e a - w a t e r t r e a t m e n t 
p r o c e s s , and the P o r t G e r m e i n Gorge depos i t s of m a g n e s i t e a s r a w m a t e r i a l 
f o r the b i c a r b o n a t e p r o c e s s . The do lomi te depos i t s a r e ac t ive ly worked by 
the BHP Co. Ltd, and a r e the only notewor thy A u s t r a l i a n s o u r c e of th i s 
m a t e r i a l . The m a g n e s i t e depos i t s have been sub jec t to s o m e inves t iga t ion 
by BHP1 , ' and mining r i g h t s a r e held u n d e r spec i a l condi t ions by BHP without 
the depos i t s be ing worked at p r e s e n t . It i s t h e r e f o r e p robab le that BHP 
pa r t i c ipa t ion would be n e c e s s a r y to make any m a g n e s i a p r o j e c t a s u c c e s s 
s ince the Company would a l s o b e a m a j o r u s e r of the p roduc t . 

1. JOHNS, K. , (1963), South A u s t r a l i a n Depa r tmen t of Mines Bul le t in No. 38. 
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6. CONCLUSION AND RECOMMENDATIONS 

Since 1962 m o r e than half of the m a g n e s i a consumed in A u s t r a l i a h a s 
been i m p o r t e d . Th i s m a r k e t s u r v e y has shown that impor t ed m a t e r i a l i s 
ava i l ab le at low p r i c e s and that appa ren t A u s t r a l i a n consumpt ion of 
m a g n e s i t e is fa l l ing . The f a l l in consumpt ion is o c c u r r i n g b e c a u s e 
A u s t r a l i a n c o n s u m e r s of r e f r a c t o r i e s a r e not tending to u s e high pur i ty . . 1 

m a g n e s i a in b a s i c r e f r a c t o r i e s ' a s ha s o c c u r r e d o v e r s e a s . T h i s app l i e s 
p a r t i c u l a r l y to the A u s t r a l i a n s t e e l i ndus t ry at p r e s e n t . 

S ince a subs t an t i a l pa r t of the loca l m a r k e t f o r m a g n e s i a can be 
s a t i s f i e d with ca lc ined m a g n e s i t e the m a r k e t ava i l ab le f o r p u r e r g r a d e s 
obtained by c h e m i c a l p r o c e s s i n g of s e a - w a t e r o r m a g n e s i t e is c o r r e s p o n d i n g l y 
r educed . It is t h e r e f o r e cons ide red that the m a r k e t does not w a r r a n t the 
e s t a b l i s h m e n t of even a s m a l l plant such a s h a s been p roposed at P o r t P i r i e 
to p roduce 50 tons p e r day or a p p r o x i m a t e l y 15, 000 tons p e r y e a r of high 
g r a d e m a g n e s i a . It ha s been e s t i m a t e d that th i s p roduc t might only be 
a imed at a m a r k e t r e q u i r i n g 4000 tons p e r annum, while to ta l demand f o r 
a l l g r a d e s in 1966 is expected to be a p p r o x i m a t e l y 40, 000 tons . 

The m a r k e t f o r m a g n e s i a i s s t rong ly inf luenced by the p r e s e n t 
ava i lab i l i ty of impor t ed m a t e r i a l and by t echn ica l t r e n d s in the u s e of 
r e f r a c t o r i e s . 

Both t h e s e f a c t o r s may change rap id ly in the f u t u r e and it i s qui te 
p o s s i b l e that a h ighe r to ta l demand would then ju s t i fy the e s t a b l i s h m e n t of a 
c h e m i c a l m a g n e s i a plant in A u s t r a l i a . • F o r th i s r e a s o n , and with South 
A u s t r a l i a n depos i t s of m a g n e s i t e and dolomi te in mind, it is r e c o m m e n d e d 
that the s i tua t ion be kept unde r r ev i ew poss ib ly via l i a i son with c o m p a n i e s 
which would be potent ia l p r o d u c e r s . In th i s r e s p e c t it i s c o n s i d e r e d a l s o 
that the produc t ion of m a g n e s i a f r o m sea -wa te r would have the g r e a t e s t 
po ten t ia l of the p robab le c h e m i c a l p r o c e s s e s . 

The c u r r e n t economic s i tua t ion r e l a t i v e to u s e of m a g n e s i a in A u s t r a l i a 
does not encourage r e t a in ing the U r a n i u m T r e a t m e n t P lan t at P o r t P i r i e a s 
a p o s s i b l e p r o d u c e r of m a g n e s i a in the i m m e d i a t e f u t u r e . 
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PORT PIRIE URANIUM PLANT 

1. REVIEW OF PROGRESS 

Dur ing the pe r iod cove red by th i s r e p o r t an a p p r a i s a l ha s been m a d e of 
the poss ib i l i ty of u t i l i z ing the P o r t P i r i e Uran ium Plan t f o r the p roduc t ion of 
50 tons p e r day of high g r a d e m a g n e s i a us ing the B i c a r b o n a t e P r o c e s s . 1 

The inves t iga t ion ha s shown that the p r o c e s s a p p e a r s to be t echn ica l ly 
f e a s i b l e and that a l a r g e p a r t of the equipment ex i s t ing at the P o r t P i r i e 
U r a n i u m P lan t would be r e q u i r e d f o r m a g n e s i a produc t ion . It is r e c o m m e n d e d 
that a m o r e de ta i led s tudy of the economics of the p r o c e s s and of the p r o c e s s 
i tself be made . 

A s m a l l amount of e x p e r i m e n t a l work which was c a r r i e d out fa i l ed to 
indica te any leach l iquor addi t ive which would i m p r o v e the solubi l i ty of 
m a g n e s i u m b i c a r b o n a t e . The r e s u l t s a r e given in Appendix C. 

2. FLOW SHEET, 

The f lowshee t for" the p roposed B ica rbona t e P r o c e s s is given in F i g u r e A - l 

3. PRODUCTION OF MAGNESIA 

E s t i m a t e s which fol low a r e b a s e d on produc t ion of 50 tons of MgO p e r day. 

, 3. 1 O r e 

Magnes i t e i s ava i l ab le f r o m depos i t s in the P o r t G e r m e i n Gorge . The 
l e a s e s at the p r e s e n t t i m e a r e he ld by the BHP. The r e s e r v e s of o r e a r e 
r e p o r t e d 2 t o be l a r g e and a c c e s s i b l e by unde rg round mining. The 
compos i t ion of the v a r i o u s s t r a t a a s s o c i a t e d with the m a g n e s i t e depos i t i s 
given in T a b l e A - l . O r e A c o n s i s t s of larjge b locky f r a g m e n t s having a 
dens i ty of about 2 tons p e r y a r d . 

The cos t of mining the o r e is not known. The m a r k e t va lue of c r u d e 
m a g n e s i t e ex mine is about $ 9 p e r ton and the P o r t G e r m e i n deposi t s e e m s 
to be m a r g i n a l f o r min ing of O r e A. To mine O r e A, O r e B would p robab ly 
need to be mined a l so , and so would be ava i l ab le at l i t t le addi t iona l cost i 
The o r e would need to be b r o k e n at the mine to about 3 - inch s i ze , and i ts 
cos t could then be a s s u m e d to be app rox ima te ly : 

$ 9 p e r ton f o r O r e A .or $1320 f o r 147 ton p e r day. 
$ 5 p e r ton f o r O r e B o r $ 825 f o r 165 ton p e r day. 

1. 
2. 

DOERNER, H. A. et a l , (1946) T e c h n i c a l P a p e r 684, U. S. B u r e a u of Mines 
JOHNS, R. K. , (1963) Bul le t in No. 38 Geol Survey of South A u s t r a l i a . 
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3. 2 T r a n s p o r t of Ore 

The o r e would be t r a n s p o r t e d by road f r e i g h t f r o m the mine to P o r t P i r i e , 
22 m i l e s , at 5c p e r ton mi le , i. e $ 1 . 10 p e r ton. 

To p roduce 5 0 ton MgO p e r day a s s u m i n g an o v e r a l l r e c o v e r y of 7 5% of 
the MgO in the o r e the t r a n s p o r t c o s t s would be a p p r o x i m a t e l y : 

$16 0 f o r Ore A (147 ton p e r day) 
$180 f o r Ore B (165 ton. p e r day) 

3. 3 Ore C r u s h i n g - at P lan t 

O r e f r o m a c o a r s e o r e s t o r a g e bin is fed to a g r i z z l y and then to a cone 
c r u s h e r and s c r e e n . The plus i n c h . m a t e r i a l f r o m the s c r e e n is r e t u r n e d 
to the cone c r u s h e r and the minus y 4 - inch m a t e r i a l conveyed to a f ine o r e 
s t o r a g e bin. Opera t ion would be r e q u i r e d on a one sh i f t p e r day b a s i s , the 
throughput be ing 18 ton p e r hour Ore A o r 21 ton p e r hour O r e B. 

3. 4 O r e Calc ina t ion 

Tak ing O r e B a s the w o r s e c a s e and al lowing f o r a 75% o v e r a l l r e c o v e r y 
of MgO f r o m the p r o c e s s a throughput of 15, 7 00 lb p e r hour of o r e is r e q u i r e d 
at the in i t ia l ca lc ina t ion s tage . A s s u m i n g a r e s i d e n c e t i m e of 45 m i n u t e s in a 
f lu id -bed r e a c t o r which is f i r e d by fue l oi l bu rn t in the bed, a f lu id iz ing gas 
ve loc i ty of 4 foot p e r second can be obtained f r o m the combus t ion g a s e s and 
CO2 f r o m the o r e ca lc ina t ion if the r e a c t o r h a s a d i a m e t e r of 8 f e e t . The bed 
depth f o r the output r e q u i r e d would then be 3. 5 feet» T h e s e condi t ions a p p e a r 
r e a s o n a b l e but would r e q u i r e e x p e r i m e n t a l inves t iga t ion to e s t ab l i sh the 
f ea s ib i l i t y of th i s opera t ion . A l t e rna t ive ly , convent ional ca lc ina t ion k i lns 
could be cons ide red . 

In e i t he r c a s e , s o m e of the MgO will be unava i lab le a s a r e s u l t of 
i n c o m p l e t e ca lc ina t ion or due to the f o r m a t i o n of m a g n e s i u m s i l i c a t e s . If 
90% of the MgO is r e c o v e r a b l e , the r e a c t o r p roduc t will have a compos i t ion 
of 65% MgO and 35% calc ined i m p u r i t i e s (mainly s i l ica) or 5600 lb Mg and 
3000 ib ca lc ined i m p u r i t i e s p e r hou r . 

The hea t r e q u i r e m e n t f o r the r e a c t i o n ( see Appendix B) i s 13.7 x 1 06 Btu 
p e r hour . If su f f ic ien t heat is r e c o v e r e d f r o m the p r o d u c t s to b a l a n c e l o s s e s 
f r o m the f u r n a c e , then the p r o c e s s hea t r e q u i r e m e n t is a l s o 13,7 x 106 Btu 
p e r hour . F u e l oil h a s a c a l o r i f i c value of 18, 000 Btu p e r pound so that 
762 lb fue l oil p e r hour is r e q u i r e d or 365 lb p e r ton MgO f ina l p roduc t . 
F u e l cos t a p p r o x i m a t e s $ 2 0 p e r ton, i. e fue l cos t is $ 3 . 3 pe r ton of 
p roduc t o r $17 0 p e r day. 

The combus t ion g a s e s a r e d rawn off th rough cyclone dust t r a p s and s o m e 
of the hea t l i be r a t ed in th i s opera t ion ( say 1 x 106 Btu p e r hour) is u sed to 
w a r m the b i c a r b o n a t e solut ion. The exhaus t g a s e s a r e then sent to s t o r a g e 
in a g a s h o l d e r , o r used d i r e c t l y in the l each ing s t age . 
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3. 5 Gr inding and C l a s s i f i c a t i o n 

The 560.0 lb MgO plus 3000 .1b i m p u r i t i e s , a f t e r cooling a r e mixed: with 
26, 000 lb of b a r r e n l iquor r e c o v e r e d f r o m produc t p rec ip i t a t ion . 
Approx ima te ly 7 00, 000 Btu p e r hour will be evolved by the e x o t h e r m i c 
hydra t ion of MgO and the pulp t e m p e r a t u r e will r i s e by 23°F. The hea t 
evolved dur ing gr ind ing is a s s u m e d to equal the hea t l o s s e s , hence 170, 000 lb 
of cooling wa te r at 60°F wil l be r e q u i r e d to lower the pulp t e m p e r a t u r e to 
about 65°F by m e a n s of a su i t ab le heat exchanger . At P o r t P i r i e 
r e f r i g e r a t i o n of the cooling wa te r m a y be n e c e s s a r y and high ambien t 
t e m p e r a t u r e s may double the cool ing wa te r r e q u i r e m e n t s . 

A ba l l m i l l iri c losed c i r cu i t with a bowl c l a s s i f i e r is u sed to yield a 
product that is 98% rminus 150 m e s h . 

3. 6 Leaching 

The s l u r r i e d ca lc ine f lows cont inuously to the f i r s t 5 of 6 4000 gallon 
leaching t anks . 20% of the s l u r r y goes to each of tanks 1 to 5 (i. e. 18. 7 lb 
MgO, 10. 0 lb i m p u r i t i e s and 8. 7 gallon wa te r p e r minute) . Wate r p lus 
b a r r e n l iquor is pumped into tank 1 at 440 gallon p e r minu te and c a s c a d e s 
th rough tanks 2 to 6. F l u e g a s e s f r o m the p rec ip i t a t ion sec t ion conta ining 
48% COj a r e p a s s e d into t anks 1 and 2 and the eff luent g a s e s t r e a t e d to 
r e c o v e r C 0 2 if. r e q u i r e d . Tanks 3, 4,. 5 and 6-, a r e suppl ied with C 0 2 and 
the eff luent gas r e t u r n e d to a gasho lde r . 

A s u m m a r y of the leaching s y s t e m is given in Tab le A - 2 . 
The cooled and enr iched f lue g a s e s ava i l ab le f o r in t roduct ion to t anks 1 

and 2 have a m a s s flow of 2 03 lb CO2 p e r minute , hence a r e ava i l ab le -wel l 
in e x c e s s of r e q u i r e m e n t s . The net r e q u i r e m e n t s of CO3 supply f o r tanks . 3 
to '6 (111 lb) a r e de r ived f r o m the decompos i t ion of the p rec ip i t a t ed c a r b o n a t e 
to m a g n e s i a , which m a k e s ava i l ab le 85 lb p e r minu te C0 2 . The addi t iona l 
26 lb p e r hour of C 0 2 r e q u i r e d can be r e c o v e r e d f r o m the f lue gas ef f luent f r o m 
the leaching and p rec ip i t a t ion ve s se l s . (129 lb p e r minu te ava i lab le) . 

Each l each ing v e s s e l will r e q u i r e a heat exchanger s ince a p p r o x i m a t e l y 
' 5 . 5 x 106 Btu p e r hour will be l i be r a t ed , r a i s i n g the pulp t e m p e r a t u r e 27°F. 
At P o r t P i r i e th i s m a y r e q u i r e twice the ca lcula ted 200, 000 lb p e r h o u r of 
cool ing wa te r at 60°F. 

3. 7 F i l t r a t i o n 

Fol lowing leaching rap id f i l t r a t i o n of the l iquor is r e q u i r e d . The d r u m 
f i l t e r at P o r t P i r i e , with an a r e a of 240 f t 2 should be adequa te to f i l t e r , 
app rox ima te ly 480;gallon p e r minu te of leach l iquor , r e j e c t i n g 55 lb i m p u r i t i e s 
p e r minu te . If n e c e s s a r y the l iquor could be p a s s e d through a c e n t r i f u g e to . 
p roduce a s m a l l e r vo lume of l iquor of h ighe r pulp dens i ty . Over f low f r o m 
the c e n t r i f u g e would be c l a r i f i e d in a p r e s s u r e f i l t e r . 
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3. 8 P r e c i p i t a t i o n 

The eff luent gas f r o m the f luid bed is p a s s e d th rough the f i r s t two 
p rec ip i t a t ion t anks . Th i s r a i s e s the t e m p e r a t u r e to 120°F and d r i v e s off 
COg. About two t h i r d s of the m a g n e s i a is p r ec ip i t a t ed a s the c a r b o n a t e , 
while the eff luent gas is en r i ched f r o m 40% to 48% by the 57 lb p e r minu te 
C 0 2 l i b e r a t e d . 

A e r a t i o n in t h r e e r e m a i n i n g t anks with a i r at 1100 cu f t p e r minu te in 
each tank p r e c i p i t a t e s .95% of the m a g n e s i a leav ing a b a r r e n solut ion (0. 1% MgO) 

3. 9 Second F i l t r a t i o n 

The pulp (48 0 gallon p e r minute conta ining 78 lb MgO) is p a s s e d into a 
t h i c k e n e r . The under f low is r e m o v e d and f i l t e r e d on the p roduc t f i l t e r . 
The f i l t e r cake will contain 6 to 10 p a r t s of wa te r p e r p a r t MgO and can be 
p r e s s e d to r e d u c e th i s r a t i o to-1: 3. The b a r r e n solut ion is pumped through 
a heat exchanger to cool to 65°F then suppl ied to ba l l mi l l , c l a s s i f i e r s and 
leach ing t anks . The 163 lb of MgC0 3 p roduced p e r minute wil l contain 234 lb 
of wa te r , f r e e and combined. Was te heat f r o m the g a s e s leaving the p roduc t 
ca lc ina t ion f u r n a c e can be used to evapora t e m o s t of t h i s wa te r . 

3. 10 P roduc t Ca lc ina t ion 

The a l m o s t d r y MgC0 3 i s p a s s e d into a kiln and the r e m a i n i n g m o i s t u r e 
and CO2 expel led. Th i s will r e q u i r e ex t e rna l hea t ing to supply about 6 x 106 

Btu p e r hour , equivalent to 330 lb fue l oi l p e r hour o r a p p r o x i m a t e l y $ 1 . 4 
p e r ton of p roduc t . Nea r ly p u r e MgO will be d i s c h a r g e d and a p p r o x i m a t e l y 
2 x 1 06 Btu p e r hour b e c o m e ava i l ab le f o r p r e d r y i n g the m a g n e s i u m 
ca rbona t e . 85 lb p u r e CO2 p e r minute will be l i be r a t ed and sent to the C 0 2 
d i s t r ibu t ion s y s t e m to be used f o r leaching. 

4. EQUIPMENT 

^ The fol lowing m a j o r i t e m s of equipment would be r e q u i r e d : 
a . Not ava i l ab le at the P o r t P i r i e Uran ium Plan t : 

Gr i zz ly and cone c r u s h e r 
Mul t i s tage f lu id -bed r e a c t o r 
Ba l l mi l l and bowl c lass i f i e r . 
Gas handl ing equipment 
P r o d u c t ca lc ina t ion kiln 
Heat exchanger equipment 
Cooling wa te r supply 

b. Avai lab le at the P o r t P i r i e Uran ium Plan t : 

Leaching v e s s e l s ( leaching t anks 4000 gallon) 
P r e c i p i t a t i o n v e s s e l s (pulp holding t anks 14, 000 gallon) 
Leach l iquor f i l t e r ( r e s i d u e f i l t e r ) 
Magnes ium c a r b o n a t e f i l t e r (product f i l t e r ) 
Magnes ium ca rbona t e d ry ing oven (product oven) 
Magnes ium c a r b o n a t e t h i c k e n e r (CCD tank). 
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However , c o n s i d e r a b l e modi f i ca t ions to s o m e of th i s equipment would 
be r e q u i r e d . 

5.. COST ESTIMATES , 

No a t t empt h a s been made to d e r i v e cos t e s t i m a t e s f o r the v a r i o u s s t a g e s 
of the p r o c e s s . The value of caus t i c m a g n e s i a is a p p r o x i m a t e l y $ 9 0 p e r ton, 
and of r e f r a c t o r y g r a d e m a t e r i a l $50 p e r ton. The cos t of the o r e on 
a r r i v a l at the plant is a p p r o x i m a t e l y $ 2 0 p e r ton of r e c o v e r a b l e m a g n e s i a . 

F u e l co s t s f o r p r i m a r y ca lc ina t ion and product ca lc ina t ion to ta l 
app rox ima te ly $ 5 p e r ton of MgO, but a m o r e de ta i led economic a p p r a i s a l 
would be n e c e s s a r y to d e t e r m i n e whe ther the p r o c e s s could be a t t r a c t i v e . 

6. CONCLUSIONS AND RECOMMENDATION 

It a p p e a r s that the u s e of the P o r t P i r i e U r a n i u m Plan t f o r the produc t ion 
of m a g n e s i a is t echn ica l ly f e a s i b l e . A c o n s i d e r a b l e p a r t of the equipment 
r e q u i r e d is a l r e a d y ava i lab le , al though c e r t a i n modi f i ca t ions would be needed. 
The g r e a t e s t p r o b l e m m a y r e s u l t f r o m the high ambien t t e m p e r a t u r e s 
exis i t ing at P o r t P i r i e dur ing s u m m e r , and the consequent need f o r e f fec t ive 
cooling s y s t e m s . . The economy of ope ra t ion is not known but the l i t t l e data 
de r ived sugges t s that a r e a s o n a b l e m a r g i n is ava i l ab le . 

A deta i led s tudy of the adapta t ion of the P o r t P i r i e P lan t to the 
B ica rbona te P r o c e s s , and a d e t e r m i n a t i o n of the economics of the p r o c e s s 
a r e r e c o m m e n d e d . Should the p r o c e s s p rove economica l ly a t t r a c t i v e a 
s tudy of the behav iour of m a g n e s i t e ca lc ina t ion in a f luid bed wil l be r e q u i r e d . 
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T A B L E A- 1: CROSS SECTION OF STRATA IN MAIN WORKINGS 
' •••••• : (BHP, P o r t . G e r m e i n Gorge) • 

T h i c k n e s s MgO CaO Insol 
f t i.inches % % % 

Hanging wall: 

Workings: 

Footwal l : 

In te rbedded che r t and 
dolomite 3 0 

Black c h e r t 2 6 

In terbedded c h e r t and 
dolomi te 1 3 

C h e r t y sands tone 0 6 

In terbedded che r t and 
m a g n e s i t e 0 6 

Hard g r e y m a g n e s i t e 
Bed A 3 0 

I m p u r e c h e r t y 
m a g n e s i t e Bed A 1 0 

Hard pa le g r e y 
m a g n e s i t e Bed B 1 3 

In terbedded c h e r t and 
m a g n e s i t e 2 0 

White m a g n e s i t e with 
b r e c c i o l a s t r u c t u r e 1 0 

Thin bedded and 
con tor ted b lack che r t 8 0 

Magnes i t e with 

b r e c c i o l a s t r u c t u r e 2 6 

Black che r t 2 0 

46 

O r e A 

0. 7 

O r e B 
40 3 

2. 5 

10 
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TABLE A - 2 : PREDICTED OPERATION OF LEACHING SYSTEM 

T a n k s 

1 2 3 4 5 6 

F e e d , l b / m i n MgO 18.7 18. 7 18 .7 18. 7 18. 7 _ 

Tota l w a t e r feed , l b / m i n 4490 4580 4670 4760 4850 4850 
Retent ion t i m e , min 8 . 9 8 , 7 8. 6 8 . 4 8. 2 8 , 2 ( a ) 

E s t i m a t e d d i sc h a r g e . c one, lb 
MgO/lOO ga l 

2 . 8 5 . 6 10. 2 14. 3 18. 2 18. 2 

COz r e q u i r e m e n t , l b / m i n 37 37 37 37 37 -

(a) To t a l r e t en t ion t i m e in 6 t anks = 51 minu te s . 
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F/utd Bed 
Reactor 

C/e>s*/fien\-* ^ l£ACH/NG TAm6 „£AT 

EXCHANGERS 
rtr-. 1 r-, ' C07 Storage 
i x i 4-4-1- 1 Recovery 

Fuel 
Externally Fired 

Drum Filter 

Residue h Wpste. 

FIG, A - li: FLOWSHEET FOR PRODUCTION OF MAGNESIA BY THE BICARBONATE PROCESS 
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HEAT REQUIREMENTS. FOR" CALCINATION OF MAGNESITE ORE 

M g C O s — > MgO + COa (at 75 0°C) 

Heat of Reac t ion at 102 3°K 

= 1 0 . 1 8 + 1. 74 x 10"3T - 1. 48 x 105T"2 

=•'•10. 5 5 + 2. 16 x 10"3T -2 . 04 x 105T"2 

C p (MgO+COa) = 2 0 . 7 3 + 3. 90 x 1 0"3T - 3 : 52 x 105T"2 

C p MgC0 3 = 18.62 + 13.8 x 10"3T -4 . 16 x 105T"2 

The d i f f e r e n c e be tween (1) and (2) is : 

ACp = 2. 11 -9 . 9 x 10"3T + 0. 64 x 10 S T - 2 

A s s u m e ini t ia l t e m p e r a t u r e 25°C, decompos i t ion t e m p e r a t u r e 750°C. 

1023 

C p MgO 

C p c o 2 

/ 298 
A C p dT = .2. 11 (1023 -298) 9 . 9 x 1 0 _3 10232 -298 2 

-jo". 64 x lo"5 (1023 - 1 -298 

_3 1046500 -88800 = ' 2! l i ' x . 725 -!9*. 9 x 10 

L 

. - 0 . 6 4 x 105 (1023"1 -298 

= 1530 -474 + 147' 

= 1203 ca l . 

Now AH298 is given by 

(AH . MgO) + (AH C0 2 ) -(AH • MgC03) 
I >2$8 I >2g8 I >298 

. ' . AH298 = - 9 4 , 0 5 0 - 1 4 3 , 7 0 0 + 262 ,000 

= 24, 250 ca l 
And AHj 023 = AH 298 + 

.1023 

J 298 
ACp dT = 24, 250 + 1203 

= 25 .4 kg c a l / m o l e 
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Heat r e q u i r e d to r a i s e MgC0 3 f r o m 298°K to 1023°K 

C p MgCOj = 18. 62 + 13. 80 x 10"3T -4 . 16 x 105T"2 

/ 1023 
ACp dT = 18. 62 (1023 -298) + 6. 90 x 10"3 (1023* -2982) p 398 

+14. 16 x 10s (1023"1 -298 

= 18. 62 x 725 + 6. 90 x 958 -4 . 16 x 0. 0024 x 105 

= 13,500 + 6611 -990 

= 19. 52 kg c a l / m o l e 

To ta l Heat R e q u i r e m e n t s 

2 5 . 4 + 19.5 = 4 4 . 9 kg c a l / m o l e 

= 535 c a l / g MgCQ3 

= 962 B tu / l b MgC0 3 

Quar t z 

No r e a c t i o n over the r a n g e 298°K to 1023°K (neglect phase change) 

/ 
C p = 11. 22 + 8. 20 x 10_ 3T -2 . 70 x 105T"2 

1 023 
A C p dT = 11. 22 (1023 -298) + 4. 10 x 10"3 (10232 -2982) 

298 

-270 x 105 (1 02 3"1 -298 

= 11. 22 x 725 + 4. 10 x 958 - 2 . 70 x 105 x ( -0 . 0024) 

= 8134 + 3928 + 648 

= 12. 7 kg ca l p e r mole o r 212 c a l / g 

= 382 Btu p e r lb 

Ore A. A s s u m e MgC0 3 content of 95% 

Heat r e q u i r e m e n t (962 x 0. 95) + (382 x 0. 05) 

= 933 Btu p e r lb f eed 

O r e B. A s s u m e MgC0 3 content of 85% 

Heat r e q u i r e m e n t (962 x 0. 85) + (382 x 0. 15) 

= 874 Btu p e r lb 

Ca lc ina t ion r a t e (24 h r / d a y feed) 
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Ore A. 6 t o n / h r 13; 440 l b / h r 

Heat r e q u i r e m e n t 12. 9 x 106 Btu p e r h r 

O r e B. . 7 t o n / h r 15, 680 l b / h r 

Heat r e q u i r e m e n t 14. 1 x 106 Btu pe r h r 



A P P E N D I X C 

SOLUBILITY T E S T S ON MgO 
t 

1. E X P E R I M E N T A L P R O C E D U R E 

200 m l of w a t e r p lu s 5% of a s a l t add i t i ve w e r e s a t u r a t e d with C 0 2 . 
( C 0 2 was bubbled t h r o u g h the so lu t ion cont inuous ly) . 

MgO was added in s m a l l a m o u n t s and the b e a k e r was shaken un t i l t he 
MgO was c o m p l e t e l y d i s s o l v e d . M o r e MgO was added un t i l t he so lu t ion 
was s a t u r a t e d . 

MgO d i s s o l v e d p e r l i t r e w a s then d e t e r m i n e d . 

2. RESULTS 

Solvent MgO g / l i t r e 

C 0 2 s a t u r a t e d w a t e r 
- - d i t to -

ii 
ii 
ti 

ii 
I I 

I I I I . 

I I . 

I I 

5% NH4C1 
5% (NH4)2SO. 
5% NH4CO3 
5% N a H C 0 3 

'4 

12. 2 
12. 0 

9. 2 
4. 0 
8. 0 

It was found that if MgO was added in e x c e s s M g C 0 3 was p r e c i p i t a t e d . 



TABLES 1 and 2 



T A B L E 1: AUSTRALIAN PRODUCTION OF MAGNESITE 1960-1965 
AND EQUIVALENT MAGNESIA CONTENT 
Unit: tons ( F i g u r e s rounded to n e a r e s t 100 tons) 

Ca l ende r y e a r a 

State 1960 1961 1962 1963 1964 1965 

N. S. W. 61, 700 88 ,500 61, 7 00 49 ,900 29, 300 22 ,600 

S. A. 500 700 300 500 400 700 

O t h e r s - 9, 600 200 6, 500 1 ,600 1,500 

To ta l 
m a g p e s i t e . 62, 200 98 ,800 62 ,200 56, 900 ' 31, 300 24, 800 

Equivalent 
m a g n e s i a 29, 600 47 ,000 29, 600 27 ,100 14, 900 11, 800 

(a) Source: Bureau of M i n e r a l R e s o u r c e s , "The A u s t r a l i a n 
M i n e r a l Indus t ry , Q u a r t e r l y Review and S t a t i s t i c s " 
1965. F i g u r e s f o r 1965.by p r iva t e communica t ion 
f r o m the Bureau . 



TABLE 2: IMPORTS OF CALCINED MAGNESITE 1960- 1965(a) 
Unit: . tons ( F i g u r e s rounded to n e a r e s t 100 tons 

Ca l ende r y e a r : I960 1961 1962 1963 1964 1965 

To ta l impor t ed : 13,900 15,700 6 ,900 . 31 ,700 45 ,200 30 ,300 

(a) Source: Bu reau of M i n e r a l R e s o u r c e s , "The A u s t r a l i a n 
M i n e r a l Indus t ry 1964 Review" . F i g u r e s f o r 1965 
w e r e obtained f r o m the Commonweal th Bureau of 
C e n s u s and S ta t i s t i c s . 
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