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Complex processing of molten secondary aluminium 

F! M O L D O V A N ,  I. CHIRA and M. P& 

University Politechnica Bucharest, Faculty of Materials Science and Engineering, Spl. Independentei 313, 
Bucharest 77206, Rumania 

A B S T R A C T  

The paper describes a new in-line technology for complex 

treatment of secondary aluminium and aluminium alloys which com- 

bines metal filtering, alkali removal and degassing operations 

into a single unit. 

Process hydrogen removal efficiencies are expressed as a 

percentage of original hydrogen content. 

The relationship between melt velocity and filtration effi- 

ciency, and height of filter and filtration efficiency were exa- 

mined. The CTT system showed superior chlorine utilization effi- 
ciency compared to other comercialized in-line technologies. 

The CTT process offers superior secondary metal treatment 

performance in terms of inclusion removal and comparable hydrogen 

and alkali removal efficiencies. 

INTRODUCTION 

Molten secondary aluminium contains various kinds of indi- 

genous (dl2O3, MgA12U4, TiB2, nitrides) or exogenous (refractory 

- particles such as AL2U3, SiU2, Sic) inclusions, dissolved hydrogen 

and light metal impurities (such as sodium, calcium and lithium). 

The requirement for higher quality and lower impurity level 
aluminium alXOys has governed the development of a large number 
of molten metal treatment processes. As a result of this require- 
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m e n t ,  m o r e  a n d  m o r e  work  h a s  b e e n  c o n d u c t e d  o v e r  r e c e n t  y e a r s  

w i t h  t h e  a i m  o f  d e v e l o p i n g  i m p r o v e d  i n - l i n e  d e g a s s i n g  a n d  f i l -  

t r a t i o n  s v s t e m 5 i i  - i]. h l o s t  o f  t o d a y s  s y s t e m s ,  e n s u r i n g  t h e  

t r a n s f e r  o f  i m p u r i t i e s  o u t  o f  t h e  m e l t  a r e  b a s e d  o n  o n e  o r  m o r e  

o f  t h e  p r i n c i p l e s :  s e d i r n e n t a t i o n , f l o t a t i o n  o r  e l e c t r o m a g n e t i c  

f o r c e s .  

T h i s  p a p e r  d e s c r i b e s  a  new i n - l i n e  c o m p l e x  t r e a t m e n t  t e c h -  

n o l o g y  (CTT) ,  w h i c h  c o m b i n z s  t w o  p r o c e s s e s  : d e g a s s i n g  a n d  f i l -  

t r a t i o n  i n  a  s i n g l e  s y s t e r n  t o  p r o v i d e  i m p r o v e d  q u a l i t y  o f  a l u -  

m i n i u m  m e l t .  

EXPERIMENTAL  

A s  i l l u s t r a t e d  i n  F i c u r e  1, t h e  CTT p r o c e s s  c o n s i s t s  o f  

a  h e a t e d ,  i n - l i n e  t r e a t m e n t  v e s s e l  w i t h  s e p a r a t e  c h a m b e r s  f o r  

d e g a s s i n g  a n d  f i l t r a t i o n  o f  a l u m i n i u m  melt[4].  

Ttie d e g a s s i n g  c h a m b e r  i s  e q u i p p e d  w i t h  t w o  p o r o u s  p l u g s ,  
%, 

$ r o u g h  w h i c h  g a s  m i x t u r e  ( A r  + 1 . . . 3  % C 1 2 )  i s  p i p e d .  The  g a s  

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

r e s p e c t  t o  t h e  m o l t e n  m e t a l  f l o w .  

T h c  f i l t r a t i o n  c h a m b e r  c o n t a i n s  t w o  l a y e r s  b e d :  ( a )  t i t a -  

n i u m  s p o n g e  a n d  ( b )  f l u x  c o v e r e d  a l u m i n a  b a l l  a n d  t a b u l a r  a l u m i n a  

g r a n u l e s .  

T h e  t i t a n i u m  s p o n g e  l a y e r  r e t a i n s  t h e  i n c l u s i o n s  a n d  m i n i -  

m i z e  t h e  h y d r o g e n  c o n t e n t  of t h e  l i q u i d  a l u m i n i u m .  

T h e  f i l t r a t i o n  b e d  c o n t a i n s  f l u x  ( 5 2 %  MgC12+20 % KC1+16 % 

MgF2+ 1 2  % C a F 2 )  c o v e r e d  a l u m i n a  b a l l s  a n d  t a b u l a r  a l u m i n a  g r a -  

n u l e s .  

Ttie m e l t  u a s  p r e p a r e d  by h e a t i n g  a s e c o n d a r y  a l u m i n i u m  t o  

1 0 2 3 ' ~  i n  a n  g a s - f i r e d  f u r n a c e .  

T h e  i n l e t  m e l t  a n d  f i l t e r e d  melt w e r e  s a m p l e d  a t  r e g u l a r  

i n t e r v a l s  f o r  s u b s e q u e n t  a n a l y s i s  o f  i n c l u s i o n ,  h y d r o g e n  a n d  

s o d i u m  c o n t z n t s .  

RESULTS AND DISCUSSION 

H y d r o g e n  r e m o v a l  i s  e f f e c t e d  by  c o u n t e r - c u r r e n t  f l o w  o f  

m o l t e n  a l u m i n i u m  a n d  a  b l e n d  o f  i n e r t  ( A r )  a n d  r e a c t i v e  g a s e  

( 1  ... 3  % C 1 2 ) .  D e g a s s i n g  i s  a  m a s s  k r a n s f e r  o p e r a t i o n  w h e r e  



dissolved monoatornic 1-1 in aluminium diffuses into an ascending 

sparging gas bubble with virtualy zero hydrogen partial pressure 

and forms H z .  The hydrogen is removed with the ascending bubbles. 

The driving Iorce to remove hydrogen from melt is controlled 

by Sieverts law. As hydrogen solubility in the aluminium is 

affected by both temperature and concentration of alloying ele- 

ments, the measured hydrogen concentration was conrected as[5]: 

where So is the solubility of hydrogen in pure aluminium at 

9 7 3 5 ~  a n d  e q ~ ~ a l s  0.92 ml H2/100 g. 

CF (A) is the correction factor for alloy composition 

( = 1 for pure metal) and are based on work pu- 

blished by Doutre and Dewing ; 

log CF ( A ) = 0.017 % Mg - 0.0269 % Cu-0.0119 % Si; 

CF (T) is the correction factor for metal temperature 

which is derived from solubility - temperature 
curves for pure aluminium ; 

2760 + 2.796 log S ( T )  = - - 
CF ( T )  = (K)(- 2760i7. + 2,8373 log S ( T )  = 10 

log S (973) 

Process hydrogen removal efficiencies are expressed as a 

percentage of original hydrogen content 

where HI - initial hydrogen content and 
HF - final hydrogen content (m1/100 g) . 

Typical dcgassing efficiencies obtained whith the CTT system 

are shown in Figure 2. Process degassing efficiency may be consi- 

dered to be a function of alloy type, purging gas type, purging 

gas flow rate, purging gase / aluminium contact time,mass transfer 
coefficient ol hydrogen ( l . l ~ - ~  to 7.10-~m/s) . 

The inclusions deposit onto the grains of the filter me- 

dium due to surface forces, diffusion, gravity and direct in- 

terception. 
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The filtration efficiency defined as 

was calculated by microscopic measurement of the per cent area 

occupied by the inclusions in unfiltered (S,,) and filtered (SF) 

aluminium samples. 

Figure 3 shows the filtration efficiency as a function 

of melt velocity. 

Figure 4 shows the effect of filter height'(L) on the 

filtration efficiency. 

Thus, it is certain the CTT system has excellent efficiency 

in inclusion removal. 

The alkali / alkaline earth impurities (Na, Li, Ca) dis- 
solved in the molten aluminium are transferred by diffusion 

through the bulk mezal to the treatment gas bubble where they 
are removed by reaction : 

Alkali removal efficiency depend on the amount of chlo- 

rine injected into the melt during treatment and on the height 

of the liquid metal in the degassing chamber. The CTT system 

showed superior chlorine utilization efficiency compared to 

other comercialized in-line technologies. The final concen- 

tration of sodium in aluminium complex treated melt was 5 to 

10 p.p.m. 

CONCLUSIONS 

The CTT system is a new in-line metal treatment techno- 

logy combining both degassing and filtration in a single com- 

paratively lower capital cost unit. 
When compared to conventional degassing technology, the 

CTT process offers superior secondary metal treatment per- 

formance in terms of inclusion removal and comparable hydrogen 

and alkali removal efficiencies. 
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Ti:;. 1.- S!c::ci;:ntic of t l ~ e  C T T in-line Xetal Treatccnt Process: 

:j.. - drifice - 
2. - SIC r e s i s t o r s  ; 

5. - :;~cforsted s~!pport  p l a t e  ; 

r!.. - t:r;5ular nlurfiinc? bed ; 

5. - fit,:< - covered al.ur::ina b a l l s  ; 

.< . J .  - refractoi-p v?all ; 
7 .  - porrous plug ; 

A. - n e l t i ~ ~ g  an6 h o l c i i ~ g  furnace ; 



7. 

L. lg. 2.  - I!yckc~cn rc~oval efficiency 
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Heighf of  f i l t rat ing layer ,  mm 

Effect of f i l t e r  height on the f i l t r a t i o n  efficiency . 


