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The purpose  of this  work  was to s e l e c t  a p ro t ec t ive  a tmosphe re  that would in t e rac t  with magnes ium to 
fo rm a f i lm on the su r face  of the molten meta l  p revent ing  evapora t ion  of magnesium.  The concent ra t ion  of 
the ac t ive  gas in the p ro tec t ive  a tmosphe re  must  be l imi t ed  to exclude format ion  of a l a rge  quantity of non- 
meta l l i c  compounds and e m b r i t t l e m e n t  of the f i lm.  

The same  gases  used in [1] were  s e l ec t ed  for these  t e s t s .  The act ive  components  were  sulfur  hexa-  
f luor ide  (SF6) and sulfur  dioxide (SO2), and n i t rogen and carbon  dioxide as  dfluents .  The carbon  dioxide must  
be obtained in a mi ldly  ac t ive  r a d i c a l .  

The r a t e  of in te rac t ion  between magnes ium and the gases  was de t e rmined  by the weight method. Weigh-  
ing was conducted eve ry  0.5, 1, 2, and 4 h. Cy l ind r i ca l  s amples  15 mm in d i a m e t e r  and 10 mm high on a 
corundum boat were  p laced  in a quartz  w a t e r - c o o l e d  conta iner  f i l led with the p ro tec t ive  a tmosphe re ,  which 
was p laced  in a furnace  (Fig.  1). The t e m p e r a t u r e  was kept constant  at  750 °, at  a p r e s s u r e  of 1 a tm.  The 
s amp le s  we re  p r e p a r e d  f rom a magnes ium a l loy  of the M g - A I - Z n  sys t em containing 8.2% A1, 0.72% Zn, 0.32% 
Mn, 0.055~ Si, 0.021% Cu, and 0.038~, Fe .  The s a m p l e s  were  pol i shed  with sand paper  with a g ra in  s ize  of 
20 # and washed in carbon  t e t r a c h l o r i d e .  

The in te rac t ion  of carbon  dioxide with magnes ium is de sc r ibed  by the equation 2Mg + CO 2 = 2Mgi) + C. 
L i t t l e  r e s e a r c h  has been done on this reac t ion .  Oxidation of magnes ium in carbon dioxide p roceeds  much more  
s lowly than in a i r  [2], but the i n c r e a s e  in weight is  subs tan t ia l .  The f i lm forming  on magnes ium in an a t m o -  
sphere  of CO 2 has no p ro tec t ive  p r o p e r t i e s ,  which was explained in [3] by the p re sence  of po re s  and c r a c k s  ex -  
tending to the sur face  of the meta l .  It was s ta ted  in [4] that  c r a c k s  can occur  only in the s tage p reced ing  c o m -  
bust ion.  The ex i s tence  of a thin f i lm of MgO between the l aye r  of sca le  and magnes ium has been proposed ,  
through which t r a n s f e r  of magnes ium ions occur s  by the M o t t - C a b r e r  mechanism.  

We inves t iga ted  the oxidation of the magnes ium al loy in pure n i t rogen,  carbon dioxide,  and a mixture  of 
these ga se s .  The r e s u l t s  obtained a r e  shown in Fig .  2. Magnesium evapora t e s  in tens ive ly  in pure  ni trogen,  
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F ig .  1. Schematic  d i a g r a m  of the appa ra tus :  1) manomete r ;  2) 

the rmocouple ;  3) sample  ; 4) r e a c t o r ;  5) furnace.  

F ig .  2. Kinet ics  of fo rmat ion  of a f i lm on liquid metal  in an a t -  

mosphe re  of N 2 + CO 2. 
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F i g .  3. Change  in the m a g n e s i u m  c o n c e n t r a t i o n  in d i f f e r e n t  l a y e r s  
of the  f i lm  ob ta ined  in an a t m o s p h e r e  of 50 vol .  % N 2 + 50 vol .  ~: CO 2 
a t  750 ° . 

F i g .  4. E f f e c t  of SO 2 c o n c e n t r a t i o n  in a t m o s p h e r e s  of CO 2 + SO 2 
( so l id  l i nes )  and N 2 + SO 2 (dashed  l ines )  on the f o r m a t i o n  of n o n m e t a l -  
l i c  c o m p o u n d s .  

wi th  a l m o s t  no f o r m a t i o n  of Mg3N 2. The  i n e r t n e s s  of n i t r o g e n  is  e x p l a i n e d  by the low ion i z a t i on  a t  the given 
t e m p e r a t u r e .  M a g n e s i u m  is  i n t e n s i v e l y  o x i d i z e d  by a p a r a b o l i c  r u l e  in pu re  c a r b o n  d i o x i d e ,  wi th  f o r m a -  
t ion  of n o n m e t a l l i c  c o m p o u n d s ;  the ox ida t i on  of m a g n e s i u m  in a i r  obeys  a l i n e a r  r u l e .  Wi th  a tow c o n c e n -  
t r a t i o n  of CO 2 in a N 2 + CO 2 a t m o s p h e r e  a w e a k  f i lm  is  f o r m e d  on the s u r f a c e  of the  s a m p l e ,  s l i g h t l y  p r e -  
ven t i ng  e v a p o r a t i o n  of m a g n e s i u m .  Only wi th  40-50  vol .  % CO 2 is  the ox ida t ion  p r o c e s s  s t a b i l i z e d ,  f o l l ow-  
ing  a p a r a b o l i c  r u l e .  A d e n s e  l a y e r  of c a r b o n  is  o b s e r v e d  on the s u r f a c e  of the s a m p l e .  X - r a y  and loca l  
c h e m i c a l  a n a l y s i s  of the  f i lm  showed  m a g n e s i u m  oxide  and c a r b o n  (soot}. E v i d e n t l y ,  the  p r o t e c t i v e  p r o p -  
e r t i e s  of  the  f i l m  f o r m e d  in N 2 + 40-50  vol .  % CO 2 a r e  due to f o r m a t i o n  of a dense  l a y e r  of soo t  c o v e r i n g  
the  f i l m ,  which  c o n s i s t s  of MgO. 

F i g u r e  3 shows  the m a g n e s i u m  d i s t r i b u t i o n  t h rough  the s e c t i o n  of the  s a m p l e  a f t e r  2 h in an a t m o -  
s p h e r e  of 50 vo l .  % N 2 + 50 vol .  % CO 2. T h e r e  i s  a th in  f i lm  of  MgO on the s u r f a c e ;  t h i cken ing  of the f i lm is 
a c c o m p a n i e d  by f o r m a t i o n  of p o r e s  and c r a c k s  f i l l e d  wi th  soo t ,  a s  is  c o n f i r m e d  by the l ower  m a g n e s i u m  
c o n c e n t r a t i o n .  F i n a l l y ,  a d e n s e  l a y e r  of soo t  c o v e r s  the  e n t i r e  f i lm  and the ox ida t ion  p r o c e s s  c e a s e s .  

T h e  r e a c t i o n  of su l fu r  d iox ide  wi th  m a g n e s i u m  o c c u r s  a s  fo l lows :  

3 Mg q- S0_~----2 MgO + MgS; (1) 

MgS - - 2  SO_~ =MgSQ- - ! -  S:. (2) 

T h e s e  r e a c t i o n s  a r e  o b s e r v e d  a t  600*; the m a i n  p r o d u c t s  of the  i n t e r a c t i o n  a t  700 ° a r e  mag-aes ium 
ox ide  and su l fu r  a c c o r d i n g  to [5]• We found MgO and MgS a t  750 °. The  s t a b i l i t y  of the p r o c e s s  a t  th is  t e m -  
p e r a t u r e  o c c u r r i n g  by Eq.  (1) i s  a l so  c o n f i r m e d  by the change  in f r e e  e n e r g y ,  equa l  to 80,804 c a l / g - a t o m .  

F i g u r e  4 shows  the e f fec t  of the  su l fu r  d iox ide  c o n c e n t r a t i o n  in the a t m o s p h e r e  on the f o r m a t i o n  of 
n o n m e t a l l i c  c o m p o u n d s .  N i t r o g e n  and c a r b o n  d iox ide  w e r e  used  as  d i l uen t s .  A s m a l l  quan t i ty  of SO 2 (~1  
vol .  %) in the  a t m o s p h e r e *  i s  su f f i c i en t  for  the f o r m a t i o n  of a dense  p r o t e c t i v e  f i lm  a t  t e m p e r a t u r e s  n e a r  
700*. Our  r e s u l t s  i n d i c a t e  tha t  no p r o t e c t i v e  f i l m  i s  f o r m e d  in an  a t m o s p h e r e  of N 2 + SO 2. The  e v a p o r a t i o n  
of m a g n e s i u m  i s  s l o w e d  down when the SO s c o n c e n t r a t i o n  i s  r a i s e d  to 20 vol .  %, but  t h i s  amoun t  i s  i n su f f i -  
c i e n t  for  the  f o r m a t i o n  of a s t r o n g  f i l m  and h e a l i n g  of the  d e f e c t s  f o r m e d .  When n i t r o g e n  is  r e p l a c e d  with  
c a r b o n  d iox ide  the  su l fu r  d iox ide  s l o w s  down the ox ida t i on  p r o c e s s .  In CO 2 + 20 vol .  % SO 2 the ox ida t ion  
i s  m i n i m a l .  The  f o r m a t i o n  of m a g n e s i u m  su l f ide  b l o c k s  d e f e c t s  in the f i lm  of m a g n e s i u m  ox ide ,  thus  
c r e a t i n g  a c o a t i n g  c a p a b l e  of p r o t e c t i n g  m a g n e s i u m  a g a i n s t  e v a p o r a t i o n .  H o w e v e r ,  th i s  c o a t i n g  is  b r i t t l e  
and  c o n s t a n t  h e a l i n g  of the d e f e c t s  f o r m e d  i s  n e c e s s a r y .  

* F r e n c h  P a t e n t  No. 2047250, c l a s s  B22d.  
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F ig .  5. C r a c k s  in a f i lm  ob ta ined  in 80 vol .  ~c CO2 + 20 vol .  % SO 2 a t  
750 ° (× 1000). 

F i g .  6. E f f ec t  of SF6 c o n c e n t r a t i o n  in a t m o s p h e r e s  of CO 2 + SF 6 
( so l id  l i nes )  and N 2 + SF 6 (dashed  l ines )  on f o r m a t i o n  of  n o n m e t a l l i c  
c o m p o u n d s .  

F r a c t o g r a p h i c  s t u d i e s  showed tha t  c r a c k s  a r e  the m o s t  c h a r a c t e r i s t i c  d e f e c t s  (F ig .  5). 

Sulfur  h e x a f l u o r i d e  i n t e r a c t s  wi th  m a g n e s i u m  by the r e a c t i o n :  4Mg + SF 6 = 3MgF 2 + MgS 

F i g u r e  6 shows  the e f fec t  of the  SF G c o n c e n t r a t i o n  in the a t m o s p h e r e  on the f o r m a t i o n  of n o n m e t a l l i c  
c o m p o u n d s .  In a t m o s p h e r e s  of CO 2 + SF 6 t h e r e  is  a mono ton ic  i n c r e a s e  in the we igh t  of the s a m p l e s ,  v a r y -  
ing  l i t t l e  wi th  the SF~ c o n c e n t r a t i o n .  In N 2 + SF~ a t m o s p h e r e s  the we igh t  ga in  i s  l o w e s t  wi th  1 .5 -3  v o l  ~c 
SF 6. T h e  we igh t  ga in  i n c r e a s e s  by a l i n e a r  r u l e  wi th  i n c r e a s i n g  a moun t s  of SF 6. In su f f i c i en t  SF 6 (~1  vol.  
%) l e a d s  to f o r m a t i o n  of a t h i ck  b r i t t l e  f i lm .  

X - r a y  a n a l y s i s  showed  that  the f i lm  f o r m e d  in a t m o s p h e r e s  of CO 2 + SF~ and N 2 + SF 6 c o n s i s t s  of 
M g F  2 and  Mgig, wi th  the  i n t e n s i t y  of the l i n e s  much w e a k e r  a f t e r  ho ld ing  in N 2 + SF~. N i t r o g e n  s lows  down 
the f o r m a t i o n  of  MgF  2. The  phenomenon  of s o - c a l l e d  n o n f e r r o u s  c a b b a g e s  is  not  o b s e r v e d  in th is  a t m o -  
s p h e r e ;  in an a t m o s p h e r e  of CO 2 + SF 6 th i s  p r o c e s s  o c c u r s  wi th  a s  l i t t l e  a s  5 vol .  % SF 6 (Fig.  7). 

F i g u r e  8 shows  the f i l m  f o r m e d  in 98 vol .  % CO 2 + 2 vol .  ~ SF 6. It should  be no ted  tha t  the t h i c k n e s s  
of the f i l m  d i f f e r s  in p o l i s h e d  and unpo l i shed  s e c t i o n s  of the  s a m p l e s .  G r o w t h s  o c c u r  on s h a r p  a n g l e s ,  and 
the  f i lm  is  t h i c k e r  and m o r e  b r i t t l e ,  wi th  g r e a t e r  l i k e l i h o o d  of c r a c k s  f o r m i n g .  

Fig. 7 Fig. 8 

Fig. 7. Nucleation and growth of a nonferrous cabbage on the surface 

of the film obtained in 90 vol. % CO 2 + i0 vol. % SF~ at 750 ° (×i00). 

Fig. 8. General view of the film obtained in 98 vol. % CO 2 + 2 vol. % 

SF s a t  750 ° (×3000) :  1) p o l i s h e d  s e c t i o n ;  2) unpo l i she d  s ec t i on .  
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CONCLUSIONS 

1. At 750 ° no protective film preventing evaporation of magnesium is formed on the surface of a 
molten magnesium alloy of the Mg-AI-Zn system in an atmosphere of nitrogen or N 2 + 1-20 vol. ~ SO 2 

2. In an atmosphere of 40-50 vol. % N 2 + 60-50 vol. % CO 2 a coating of soot is formed on the surface 
of the molten magnesium alloy, preventing evaporation of magnesium. 

3. Sulfur dioxide slows down the oxidation of magnesium in an atmosphere of CO 2, and 20 vol % SO 2 
is sufficient to block defects in the MgO film. 

4. In an atmosphere of CO 2 with 1-10 vol. % SF~ a dense protective film is formed on the surface of 
magnesium, the thickness of the film changing little with the SF 6 concentration. 

5. The optimal quantity of SF 6 in a nitrogen atmosphere is 1.5-3 vol. ~; the thickest and densest pro- 
tective film is formed on the surface of the molten magnesium ahoy under these conditions. 
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