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1. I N T R O D U C T I O N

M g—r i c h  a l l o y s  c f the M g - C  ~ S n  ; y s t ?m h a d  s h o w n  to be 

:ite s u i t a b l e  for e deve 1 p m e n t  of e x p e r i m e n t ;  1 a n d  

t h e o r e t i c a l  thermodynani :i.c s t u d i e s  on t h e  g l a s s - f o r m i n g  

a b i l i t y  of t e r n a r y  a l l o y s  Cl,£]. M o r e  s p e c i f i c a l l y ,  t h e  M g -  

M g a C u ~ M g a S n  C3-3 t e r n a r y  ..subsystem h a s  a p h a s e  d i a g r a m  

r a t h e r  s i m p l e s  it is m a d e  up by t h e  Mg-~Mgs C u  C43 a n d  t h e  

M g - M g *  Sn. rTJ b i n a r y  s u b s y s t e m s ,  a n d  ’ y t h e  M g 8 C u  M g e Sn C33 

p s e u d o b i n a r y  subsystem,, T! ; m e l t i  p o i n t  of Mg is r 3 0  °C 

C£ 2 . M g s O u  and Mg# S n  .’Dit' i o m e t r i c  i n t e r m e t a l  1 ic com; aunds 

m e l t  c o n g r u e n t l v  at 5"'° a n d  7 7 0 . 5  °C, r e s p e c t i v e l y .  T h e  

M g - M g a C u  ' s u b s y s t e m  h a s  an e u t s o 'z  ic p o i n t  at 14„5at'/«Cu and 

at 4 8 5  °C. The- s o l u b i l i t y  of Cu in Mg is very low:

0 . 0 1 3 a t % C u  at 4 8 5 , e0. T h e  M g ~ M g £ 8n s u b s y s t e m  h a s  an e u t e c -  

t ic ! oint at 10 7 a t’/5n a n d  at 561« S °C. T h e  m a x i m u m  

s o l u b i l i t y  ( f Sn in Mg is 3 35at34Sr> at 5 6 1 , 2  °0 [4,53.

H o w e v e r ,  t h e  i n f o r m a t i o n  a v a i l a b l e  on the ternai , s y s ­

t e m  is insi. f f i c i e n t  fco _,ive d e t a i l s  c o n c e r n i n g  t h e  l i q u i d u s

v a 1 ?. e y s a n d t h e f o u r .ph a s e e q u i 1 ibria» r" o r i n s tance, t h e

p s e u d o b i n a r y  e u t e c t i c  p o i n t  L-çr:> Mg^ Cu-! M g a Sn, actu. 1 I y a 

s a d d l e  , oint in the t e r n a r y  system, is s u g g e s t e d  to be lo­

c a t e d  at 5 2 5  °C a n d  at Mg~£5. 6at5tCu-7, 7 a t’/»SnD T h e  s y s t e m  is 

a l s o  r e p o r t e d  to e x h i b i t  a t e r n a r y  e u t e c t i c  p o i n t  L.̂ zr 

4 (Mg ) H-M::,a Ou-t-Mga Sn ? w h i c h  h a s  b e e n  p r o v i s i o n a l l y  l o c a t e d  at 

M g  -11. ''¡•at '/- 0 u - 3. £ a t % S n , but its t e m p e r a t u r e  h a s  not be e n  

m e a s u r e d  E33. -Mg) star. ' 3  for t h e  t e r m i n a l  s o l i d  s o l u t i o n ,  

T'. ? a b o v e  v a l u e s  of c o m p o s i t i o n  ' ve b e e n  e s t i m a t e d  r »om 

t h e  p h a s e  d i a g r a m  of 1333.

Tn t h i s  w o r k  we h a v e  m e a s u r e d  t h e  c o m p o s i t i o n  a n d  the 

t e a p e r a t u r e  o f b o t h  the t e r n a r y  and t h e  pseudo! i.nary e u t e c ­

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



S. E X P E R I M E N T A L

T w o  a l l o y s  of t h e  f o l l o w i n g  n o m i n a l  c o m p o s i t i o n s  w e r e  

p r e p a r e d  t  ' Mg “I .1» 4at%Cu---3„ E a t % S n  a n d  B) M g - 2 5  Gat'/.Cu-

8. O a t ..'n. 31 a r t i n g  m a t e r i a l s  w e r e  Mg, C u  an 1 Sn c f 9 9 . 9 9 %

p u rity. T h e  a l l o y s  <fls 0 . 5 0 9 9  g a n d  vn ■ 0 6 6 7 9  g; w e r e  

m e l t e d  < ' S C O  °C d u r i n g  30 win in nucl >ar g r a d e  g r a p h i t e  

c r u c i b l e s  (~ 1 g each) in an e l e c t r i c  r e s i s t a n c e  f u r n a c e  

u n d e r  s t a t i c  fir a t m o s p h e r e  ' ?. atm) ( f 99„ 9 9 6”/- purity, 

w e i g h t  loss of T. 4 3  % for the a l l o y  P, a n d  1 . 0 8  % f o r  t h e  

a l l o y  B w a s  o b s e r v e d .

S i m u l t a n e o u s  d i f f e r e n t i a l  t h e r m a l  a n a l y s i s  (DTA) and

t h e r m  o g r & v  .i me fc-ry '.3) w e r e  p e r f o r m e d  in a M e t t l e r  v a c u u m

Tl ernsoanalyser e q u i p m e n t ,  u n d e r  s t a t i c  ro s p h e r e  1 atm) 

of H r  9 9 . 9 9 8 %  pure, a n i n  t h e  s a m e  crucil les w h i c h  ' ad 

b e e n  p r e v i o u s l y  u s e d  f o r  the , epar« ■ ion c t h e  a ” ays. R 

era,. v g r a p h i t e  cruci! l.e w a s  c h o s e n  as t h e  ri f e r e n c e

" s a m p l e " .  T h e  h e a t  i? j / c o o l  ing r a t e s  w e r e :  £ ../ m i n  <£5~43£

°C) a n d  1 0 C / m  in ( 4 3 6 - 5 0 0  °C) for t h e  a l l o y  Pi, a n d  6 °C/min 

( £ 5 - 5 0 7  °C) a n d  1 A" / rn i n (507-55f: °C) f o r  the a l l o y  B. 

A f t e r  t h e  last m e a s u r e m e n t  in e a c h  a l l o y  t h e y  w e r e  h e a t e d  

up to * 0 7  °C (alloy P.) a n d  5 5 7  °C (alloy B) . Next, the f u r ­

n a c e  f t h e  DTA- TG s.quipmert w a s  t u r m  3-off an ' ti s  s a m p l e s  

w e r e  a l l o w e d  to c o o 1 i n s i d e  t h e  f u r n a c e  d o w n  to r o o m  t e m ­

p e r a t u r e  <r.!: a r a t e  f a b o u t  & °C/rain. "?i^! ' l o s s e s  o ,r 

c r u c i b l e s  c o n t a i n i n g  t h e . a l l o y s  d u r i n g  t h e  DTfi-TG e x p a r i ~  

w a n t s  w e r e  n e g l i g i b l e  (~ 0 . 0 1 % ) .  T h e  P t / P t“10% R h  t h e r ­

m o c o u p l e  w a s  c a l i b r a t e d  "in s i t u ” a g a i n s t  h i g h - p u r i t y  

99.995=/ In, 9 9 . 9 9 %  P 1 a n d  fig, a n d  9 9 . 9 9 9 %  Sn a d Zn.

Tl e sc idi f icat i on s t r u c t u r e s ,  a fter ' lie DTf! ."5 e x -

perinser t s, w e r e  e x a m i n e d  b> o p t i c a l  m i c r o s c o p y  in c r o s s -  

s e c t i o n s  a i the tof , c e n t e r  an.' b o 4 'I jbi of ti e ingoi s. T h e  

s p e c i m e n s  w e r e  pr , ared for m i c r o s c o p i c  e x a m i n a t i o n  

g r i n d i n g  wit! tut a n y  1 ; b r i c a n t  on a R u h e l e r  m i c r o c u t  ; p e r



she e t  6 0 0  grit s o rt, foil »wed by m e c h a n i c a l  p o l i s h i n g  on a

M o  1.S t r u e r s  c l o t h  w i t h  3 pia d i a m o n d  p a s t e  l u b r i c a t e d  w i t h

eth i l e n -  glycol« Then, the sain, "es w e r e  c h e m i c a l  ly etcf' ' by 

i m m e r s i o n ,  s t i r r i n g  far 6 s e c  in a s o l u t i o n  o f  p i c r i c  acid, 

e t h a n o l  a n d  w a t e r  <6 g s i O  m 1 ; 9 0  ml). F i n a l l y ,  t h e y  w e r e  

w a s h e d  a n d  r i n s e d  w i t h  a n h y d r o u s  e t h a n o l  ( w a t e r  w a s  s p e ­

c i a l l y  a v o i d e d  to p r e v e n t  o x i d a t i o n ) .  T h e  p h a s e s  w e r e  i d e n ­

t i f i e d  by t h e i r  c o l o u r s  u n d e r  the I igirl m i c r o s c o p e  a n d  by 

e l e c t r o n  p r o b e  m i c r o a n a l y s i s  (EPMH) in a C a m e c a  SX 50 

e q u i p m e n t  o u t f i t t e d  w i t h  a w a v e ™ l  enyt! - d i s p e r s i v e  

s p e c t r o m e t e r .  Tn o r d e r  to i m p r o v e  t h e  a c c u r a c y  of the c o m -  

p o s i t i o n  m e a s u r e m e n t  , t h e  s p e c i m e n s  for E P M H  M e re p o l i s h e d  

but unt ' . '. .ic’ In s p i t e  t f the fact that the sarsp’ as w e r e  

u n e t c h e d  v e r y  g o o d  s e c o n d a r y  e l e c t r o n s  i m a g e s  w e r e  

a c h i e v e d .  • Tl e , ' a s e s  w e r e  al : o i.de t i f i e d  ! y x - r a y  di f f r a c -  

t i o n  (XRD) in a Philli, » P W  1 4 0 0  s? ;ui.p ent er ploy i.ng 

g r a p h i t e  nionochroniatized '“ « • r a d i a t i o n «

3 R E S U L T S

B o t h  a l l o y s  s h o w  o f f - e u t e c t i c  m i c r o s t r u c t u r e s  (Figs. 

1~&). T h e  b o t t o m  of t h e  a l l o y  9. h a s  e l o n g a t e d  c o l o n i e s  of 

the (Mg) t b i n a r y  e u t e c t i c  in a Pine, g r o u n d  mat "ix c f

t h e  (Mg' -Mge C u ~ M g a Sn t e r n a r y  e u t e c t i c  (Fig. 1). T o w a r d s  the
TiftO r t£. !\ _ ZL (X n ^A 3

t o p  of the ingot n o n - f a c e t e d ,  primal y iond r i t e s  of (Mg) 

w e r e  a l s o  o b s e r v e d  (Fig„ £>. P r i m a r y  (Mg) c e r t a i n l y  

s e g r e g a t e d  u p w a r d  by g r a v i t y  d u r i n g  t h e  f r e e z i n g  of this 

alloy. T h e  m o r p h o l  gy of t h e  ’..inat y e u t e c t i c  is n e a r l y  

l a m e l l a r  a n d  t h a t  of t h e  t e r n a r y  one s e e m s  to be f i b r o u s  or 

r o d - l i k e ,  b e i n g  hotI M g e C u  a n d  M g a Sn c o m p o u n d s  pav 1 ially 

s u r r o u  :ied by (Mg) (Fig. 3), T h e  i n t e r .1 ante 1 lar s p a c i n g  of 

t h e  1 inai y e u t e c t i c  r a n g e s  b e t w e e n  5 a n d  10 , a n d  t h e  in- 

t e r o d  »pacing of t h e  t e r n a r y  e u t e c t i c  is a p p r o x i m a t e l y  S 

jim. ".\ielve m e a s u r e m e n t s  of c o m p o s i t i o n  , » r f o r m e d  by E P M P  

on 1 5 x 1 5  j.im s c a n n e d  a r e a s  on ti finest t e r n a r y  e u t e c t i c

4



z o n e s  r e s u l t e d  in the f o l l o w i n g  a v e r a g e  v a l u e :  M g -  

13„ 5 a t /■ Ü u - 4 « 4 a t %3 n , w h i c h  is s l i g h t l y  d i f f e r e n t  front the 

one r e p o r t e d  in £3'J. S t a n d a r d  d e v i a t i o n s  in c o m p o s i t i o n  

w e r e ;  0„5at"/»Mg, 0.4at?4Cu a n d  0 . 3 a t % S n .  E P M R  p e r f o r m e d  in 

f i v e  d i f f e r e n t  d e n d r i t e s  of (Mg) g a v e  an a v e r a g e  c o m p o s i ­

t i o n  of M g - i ,, Sat^Sri- 0« 05at"/.C . T h e  t h e r m o g r a m  of t h i s  all 

(Fig. 7) s h o w s  o n l y  one p e a k  at 4 6 7  °C, as m e a s u r e d  on the 

i n i t i a l  d e v i a t i o n  from the b a s e  line C73, d u r i n g  b o t h  m e l t ­

ing a n d  s o l i d i f i c a t i o n ,  w h i c h  is a t t r i b u t a b l e  to the tet 

n a r y  e u t e c t i c  r e a c t i o n -  Mo p r i m a r y  a r r e s t  w a s  o b s e r v e d .

L

T h e  s a m p l e  B e x hibit > a h o n e y c o m b  pat* rr, o " c o l o n i e s

(sometimes, t -rise " g r a i n s " )  of the M g a C u - M g a S n  , sei iobinarv

e u t e c t i c  (Fig. 4). T h e  s i z e  of t h e . c e l  Is r a n g e s  b e t w e e n  100
FcaJ rë-è 4, 5 (t>

a n d  5 0 0  ; n. "’"v s e u t e c t i c  ' is 'a m i x e d  lam e 11 a r - r o d  1 i ! ? m o r -

phol gy, b e i n g  M g a C u  ti ; m a j o r  p h a s e  (Fig.. 5f)„ T h e  s i z e  o'" 

the i n t e r o d  or inter' arot ! ’.ar s p a c i n g  is at out 1 to £ j-tra at 

'he cent »r c F t h e  c o l o n i e s »  In a d d i t  ion, the s p e c i m e n  h a s  

v e r y  few, i s o l a t e d ,  facet ?d, primai , c r y  si als o'" M g fi S , an 1 

a l s o  s m a l l  a m o u n t s  of an i n t e r c e l l u l a r ,  t h r e e - p h a s e  a s ­

sent! lage tt at r e s e m b l e s  a t e r n a r y  eutect ic r ' in~ 

cl ides Mgs - ■> Mae Sn an i a r e d d i s h  (as v i e w  on u n e ’ ’ d 

m e t a l  3 g r a p h i c  s u r f a c e s )  t h i r d  phase, th i s  c o l o u r  i n d i c a t ­

ing t h e  p r e s e n c e  of a h i g h e r  C u  c o n t e n t .  T h e  a v e r a g e  c o m -  

posit ion c r' t h i s  asseml ' age c o u l d  n e t  be suitai e m e a s u r e d  

' y FPMP- Ti s s X P D  p a t t e r n  s h o w s  t h e  e x i s t e n c e  of o n l y  M g 8 C u  

a n d  M g E Sn , '■ ; a ses. T h e  C u - r i c  h p h a s e  c o u 1 d n o ' b e i e t e c e d 

b, X R D  b e c a u s e  ' ■ ere is o n l y  a small p e r c e n t a g e  of it in 

t h e  w h o l e  sam. le. r"ix m e a s u r e m e n t s  of com; os it ion c a r r i e d  

out by fPMfl on 1 5 x 1 5  pm s c a n n e d  a r e a s  on t h e  finest p s e u d o ­

b i n a r y  e u t e c t i c  r y i o n s  r e s u l t ? d  in t h e  f b l o w i n g  a v e r a g e  

v a l u e :  M g - £6 0 it'/»Cu™7. 7 a t’/F:-i, w! ich c l o s e l y  a g r e e s  w i t h  ti e 

one r e p o r t e d  in C33. S t a n d a r d  d e v i a t i o n s  in c o m p o s i t i o n  

w e r e :  0 lat'/Mg, 0. £atîiCu a n d  0 . 07at:<Sn. T h e  t h e r m o g r a m  of 

t h i s  < ’ ny (r':g, 7) e x h i b i t s  t w o  , b. »s a l a r g e  one at 5 2 £  

°C that is a s c r i b a b l e  to t h e  , set. ’o b i n a r y  e u t e c t i c  r e a c -



tion, a n d  a v e r y  sma l l  one at 4 6 3  °C t h a t  c o u l d  not be a s ­

s i g n e d  to a n y  r e p o r t e d  i n v a r i a n t  r e a c t  ion. T h e  L ^ =  

J. (Mg) T-Mg.4 C u + M g a 3n t e r n a r y  e u t s c t i c  r e a c t i o n  w a s  r u l e d  out 

' >, b o t h  met l l o g r a p h y  an ' r'T';" . No p r i m a r y  a r r e s ' w a s  o b ~  

served. T h e  m a i n  a r r e s t  is r o u n d e d  at t h e  b e g i n n i n g  p o i n t  

u p o n  h e a t i n g  a n d  s' t h e  e n d i n g  , )int u p o n  c o o l i n g ,  '-hen 

s u g g e s t i n g  th a t  the irtvarias ’ t h r e e - p h a s e  < ¡ui 1 ibriurn (the 

p s e u d o b i n a r y  r e a c t  i o n ) w a s  not s t r i c t l y  a t t a i n e d  r"’" 0 T h e  

d i f f e r e n c e  b e t w e e n  t h e  t e m p e r a t u r e  of t h e  m a i n  pe a k  

m e a s u r e d  d u r i n g  s o l i d i f i c a t i o n  a n d  t h a t  m e a s u r e d  d u r i n g  

m e l t i n g  is 0 . 5  °C. T h e  p s e u d o b i n a r y  eutecti'c t e m p e r a t u r e  is 

j u s t  3 °C b e l o w  t h e  r e p o r t e d  one in C33.

Fc*. 7

4. D I S C U S S I O N

Both, t h e  p r e v i o u s l y  , Jtl i s h e d  l i q u i d u s  , 'ojection-

£31, a n d  t h e  l i q u i d u s  p r o j e c t i o n  that is p r o p o s e d  in the

p r esent w o r k  for the C u ~ M g s Sn ternai , s u b s y s t e m ,  are

s h o w n  in Fig. 3. T h e  last one w a s  p l o t t e d  u s i n g  t h e
V ia ,  ■ &

a s s e s s e d  b i n a r y  p h a s e  i i agrams , 5!3, t h e  p s e u d o b i n a r y  

eui ;c:' c poinl r e p o r t e d  in r an ! V^e t e r n a r y  e u t e c t  ic 

p o i n t  m e a s u r  ' in ti is work. B e c a u s e  'of t h e  la c k  of data, 

t h e  f i e l d  b o u n d a r i e s ,  w h i c h  a r e  ' e e u t e c t  ic v a l l e y s ,  h a v e  

b e e n  t e n t a t  iv< 1> d r a w n  as s t rai rjht lines.

T h e  w e i g h t  l o s s e s  ti a t  o c c u r r e d  on m e l t i n g  a l l o y s  

a n d  B h a v e  to be m a i n l y  a t t r i b u t e d  to t h e  v a p o r i z a t i o n  of 

Mg, b e c a u s e  th i s  is the v o l a t i l e  c o m p o n e n t  CP-3« Or a c c o u n t  

of t h e s e  "■Jg losses, t h e  c o r r e c t e  c o m p o s  it ions becoine Mg -

1. £. Sat'Au ~3«5at5iBn f o r  t h e  £.n n. , ft, a n d  Mg £6„ lat'/Cu-

8. la' ,/Sn for the all y B ( p o i n t s  Pi’and  B* , r e s p e c t i v e l y ,  in

T h e  o b s e r v e d  m i c r o s t r u c t u r e  of t h e  s a m p l e  ft a n d  its 

c o r r e c t e d  c o m p o s i t i o n  lack c o n s i s t e n c y  CB'J if th ? a ’ is

&



l o c a t e d  on the p r e v i o u s l y  e s t i m a t e d  p h a s e  d i a g  ' a m •C33. In­

stead, t h e  m i c r o s  b r u c t u r e  is, c o n s i s t e n t  w i t h  t h e  c o r r e c t e d  

c o m p o s i t i o n  wf en tr is is pi seed bn t h e  p h a s e  d i a g r a m  

p r o p o s e d  in t h i s  war!;. In fact, t h e  a l l o y  H* lies w i t h i n  

ti" ! p r i m a r y  p h a s e  f i e l d  of <Mg) of t h e  h e r e  p r o p o s e d  p h a s e  

d i a g  'am, and w i t h i n  t h e  a 1 gle d e l i m i t e d  by t h e  Mg C u  b i n a r y  

'system a n d  by t h e  s t r a i g h t  line j o i n i n g  the, Mg c o r n e r  and 

t h e  (M_> M-e C u - M g e  Sn t e r n a r y  e u t e c t i c  p o i n t  (Fig. S) . The 

s o l i d i f i c a t i o n  p a t h  C I O , 113 of t h i s  alloy is q u i t e  simple. 

On coolin.j from the melt, i n i t i a l  c r y : t a l l i z a t i o n  of 

‘i m a r y  (Mg) o c c u r s  a ’ s o m e  u n k n o w n  1 i ,n i d u s  t ¡isper-ature. 

P r i m a r y  arrei ’ in the t h e r m o g r a m  o" the sar:,; ’ ; ! ' is m i s s e d  

p r o b a b l y  b e c a u s e  its li juidus t e m p e r a t u r e  is a b o v e  °C.

Let us a s s u m e  that p u r e  Mg i n s t e a d  of -Mg) p r e c i p i t  tes. 

Then, the cor, 3s i t i o n  o " its c o m p l e m e n t a r y  ¡ q u i d  m o v e s

a l o n g  t h e  e x t e n s i o n  of l i n e  M g .ft5 away f r o m  Mg» W h e n  t h e

M g  -Mg a C u  e u t e c t i c  v a l l e y  is r e a c h e d  (4&7 °C < "r < 4 8 5  

t h i s  e u t e c t i c  b e g i n s  t o ' s o l i d i f y .  F r o m  t h i s  p o i n t  t h e  c o m -  

p o s i t i o n  of t h e  11 , ¡id r u n s  a l o n g  t h i s  e u t e c t i c  v a l l e y  

t o w a r d s  t h e  Mg M g * C u - M g a Sn t e r n a r y  e u t e c t i c  point, " i s  

c r y s t a l l i s a t i o n  e n d s  at t h e  q u a t e r n a r y  i n v a r i a n t  poini 

<4&7 0C ) , w h b r e  t !ie r 6 m a i n d e r  o t h e  1 i q u i d  isothernial 1 y 

t r a n s f o r m s  into the t e r n a r y  e u t e c t i c .  B e c a u s e  <Mg) i n s t e a d  

of p u r e  is at .1« 1 1 y ti e p r i m a r y  phase, t h e  first ste, of 

t: i  s o l i d i f i c a t i o n  pa t h  is not .a s t r a i g h t  line, hut a 

curve. T! ere a r e  no e n o u g h  d a t a  on t h e  s o l u b i l i t y  of On and 

C u  in ( M g ) , ev.ee pt a roi gh e s t i m a t i o n  « ’ 40C 

H o w e v e r ,  from t h e  b i n a r y  p h a s e  d i a g r a m s  C A , 53 a n d  from o u r  

m e a s u r e m e n t s  of c o m p o s i t i o n  in ; r i m a r /  . we -can s ! ' &

'hat Sn is m o r e  s o l u b l e  in (Mg) t h a n  Cu. In a d d i t i o n ,  t h e  

s o l u b i l i t y  o.f Sn in (Mg) d e c r e a s e s  f r o m  £. 4at*/« at 5 0 0  °C to 

1.8atJ4 at AC 5 °C for Mg Sn b i n a r y  a l l o y s  r.53. T h e r e f o r e ,  

t h e  first ste, of the s o l i d i f i e s * i o n  p a t h  of ’’ » s a m p l e  

s h o u l d  be sii ~htly c o n v e x  (as v i e w e d  "rom t h e  M g - C u  b i n a r y  

s y s t e m ) ,  but it w i l l  certain ", r u n  t o w a r d s  t h e  ( M g )“M g a C u  

e u t e c t i c  v a l l e y .  T h e  e q u i l i b r i u m  r e a c t i o n s  t h a t  o c c u r r e d



uf in c o o l i n g  c F t h e  s a m p l e  P. .can be s u m m a r i z e d  as "o' 1 -jws : 

L ..> L + C M g )  — > L.+ (Mg) <-Mge C u— ' ( M g ) + M C u + M g e  Sn„

B a t h  t h e  n o m i n a l  a n d  t h e  c o r r e c t e d  c o m p o s i t i o n  of t h e  

s a m p l e  B lie w i t h i n  t h e  p r i m a r y  p h a s e  f i e l d  of M g s Sn, very 

c l o s e  to t h e  M g e Cu-Mu¡eSn fiel ’ b o u n d a r y ,  but s l i g h t l y  

shi f ted f r o m  t \ e ¡)s e u d o b i n a r y  sect ion t owar ds ' i e 'M g C  1 a ) - 

M g s C u  M g e Sn t e r n a r y  s u b s y s t e m  p r o p o s e  ' in £33. <MgC e ) 

s t a n d s  f o r  t h e  s o l i d  s o l u t i o n  of Cu, Mg a n d  Sn in iv¡gCu2 » 

T! en, t h e  e q u i l i b r i u m  'reactions t h a t  o c c u r r e d  u p o n  c o o l i n g  

c r  ti e samf le B coul :i be s u m m a r i z e d  as f l l ows; ' 

sL + M g a S n —  > i. -!-Mga Si f-Mge C u— ) !Y!gs 3 n + M g a C u +  <Mc¡C ¿ ) . T h e  m i c r o— 

s t r u c t u r e  of t h e  s a m p l e  B is c o n s i s t e n t  w i t h  suet r e a c ­

tions, H o w e v e r ,  the s o l i d i f i c a t i o n  p a t h  f o r  t h e  a l l o y  B 5 , 

f o r  i n s t a n c e ,  s h o u l d  end at t h e  L — > < M g C u B ) + M g e Cu-!-Mge Sn 

t e r n a  , eui s c t i c  p o i n t  t e n t a t i v e l y  l o c a t e d  at M g - 2 7 . 8 <  ’ i~ 

8„ 4at'/.Sn a n d  at 5 £ 0  °C L 3 3 . T h e  s m a l l  a r r e s t  at 4 & 3  °C 

m e a s u r e d  in t h e  t h e r m o g r a m  of t h e  s a m p l e  B, s u g g e s t s  a d i f ­

ferent b e m f e r a s u r e  f o r  th i s  t e r n a r y  e u t e c t i c  r e a c t i o n  or 

t h e  e x i s t e n c e  of o t h e r  n o n  r e p o r t e  Í i n v a r i a n t  r e a c t i o n ,  On 

t h e  othev4 hand, for M g -Cu a n J  Mg- Sn bina r y  s y s t e m s  the 

l i q u i d u s  l i n e s  s h o w  no d i s c o n t i n u i t i e s  at the c o n g r u e n t  

poi ts of Mga C u  a n d  M g a Sn i n t e r m e t a l  1 ic c o m p o u n d s ,  but they 

r m  m a x i m a  w i t h  h o r i z o n t a l  tar geni » a n d  h e n c e  fchey are 

m a t h e m a t i c a l l y  c o n t i n u o u s .  L i k e w i s e ,  t h e  l i q u i d u s  s u r f a c e s  

of t h e  t e r n a r y  s y s t e m  s h o w  no d i s c o n t i n u i t i e s  w h e n  t h e y  

c r o s s  t'r e p s e u d o b i n a r y  cut £ S23. F u r t h e r m o r e ,  the f i e l d  

unda» y w h i c h  is ’ ’ e i n t e r s e c t i o n  of t w o  l i q u i d u s  s u r f a c e s  

<L + Mge C u  a n d  L. + h a s  an h o r i z o n t a l  t a n _ e n t  (a m a x ­

i m u m  t e m p e r a t u r e  of - j u i l i b r i u m  amoi g t h e s e  t h r e e  p h a s e s  at 

the saddl ? poin t )  CIO'.}» T h e s e  c o n s i d e r a t i o n s  p e r m i t  us to 

s t a t e  1 . t t h e  t e m p e r a t u r e  of t h e  pseudoL inary euteci ’ c 

r e a c t i o n  m e a s u r e d  in t h i s  w o r k  s h o u l d  be s l i g h t l y  b e l o w  t h e  

" t r u  " ’ ?mp e r a  ture of the s a d d l e  point. Hence, the r e s u l t s  

present! S in Fig. 8 a r e  p r o v i s i o n a l  a n d  m o r e  c a r e f u l  e x ­

p e r i m e n t s  are n e e d e d  t 3 e s t a b l i s h  t h i s  r e g i o n  f t h e  p h a s e

8



diajratn.

c o n c l u s i o n s

T h e  L-—) (M g )+ M g a C u + N g s B n .t e r n a r y  s u t e c t i c  r é a c t i o n  w a s  

f o u n d  to be at ' & 7  °C a n d  at Mg-i"! 5at%Cu-~4, 4at'/.Sn, T h e  L-?= 

3 i’1ga 0 •.<.+!%; s Sn pseu.’ .'-inary a u t e c t i c  r e a c t i o n  is t e n t â t i v e l y  

l o c a t  bcî ai 5 S P  °C a n d  at M g ~£&. Oat5iCu-7. 7at?»Sn.
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F I G U R E  C A P T I O N S

Fig. .1. s O p t i c a l  m i c r o g r a p h  of the a l l o y  A, a s - c a s t .  C o l o n i e s  

if t h e  CMg)—Mga C u  b i n a r y  e u t e c t i c  in a m a t r i x  of the 

'v’;_v M g a C u - M g a Sn t e r n a r y  eu':e ' ic, (Mg)s gray, M g 2 Cu; 

w h ite, Me,3 Sr s black. M a g n i f i c a t i o n  £ 0 0  times.

Fig, Es Idem Fig. 1. Zone showing primary dendrites f (Mg). 

M a g ni f i c a t i o n 4.0 0 tiroes.

r"". 3 s T -’em F i g « L  M a g n i f i c a t i o n  1.000 times.

Fig. 4s O p t i c a l  m i c r o g r a p h  of t h e  a l l o y  B, a s - c a s t .  C 3ni.es 

of the M g a C u - M g e Sn , s e u d o b i n a r y  e u t e c t i c ,  a n d  p r i m a r y  

C: y s t a l s  of MgaSn. M g a is white.; Mc;2 S3ns black. Me g - 

n i f icat ion iSO times.

Fir,. 5; Idem Fig. '... M a g n i f i c a t  Ion 1 0 0 0  times.

Fig. &: Idem Fig. 4. l o n e  s h o w i n g  i n t e r c e l l u l a r  t h r e e - p h a s e

asseml Xage. Mg* Cus w h ite, Mr;* S n : ’ lack, Cu-ric'r

p h a s e s  gray M g n i f i c a t i o n  5 7 0  ’imes.

r ig. 7 Thermc g r a m s  of a l l o y s  Pi a n d  P

Fig. 9 L i q u i d u s  p r o j e c t i o n  t h e  M g - M g e C u ~ M g a Sn t e r n a r y

s u b s y s t e m ,  ft a n d  A ’ a r e  t h e  n o m i n a l  a n d  t h e  c o r r e c t e d  

c o m p o s i t i o n s  of t h e  a l l o y  H, r e s p e c t i v e l y .  A a -..-:1 E 

a r e  t h e  r e p o r t e d  £33 a n d  the m e a s u r e d  (this work) 

c o m p o s i t i o n  of t h e  t e r n a r y  e u t e c t i c ,  r e s p e c t i v e l y »  

a n ’ B ’ ar e  t h e  n o m i n a l  a n d  the c o r r e c t t  5 c o m p o s i t i o n s  

of t h e  a l l o y  B, r e s p e c t i v e l y .  P a n d  P* a v e  t h e  

r e p o r t e d  £33 a n d  t h e  m e a s u r e d  (this w o rk) c o m p o s i ­

t i o n s  of t h e  p s e u d o b i n a r y  e u t e c t i c ,  r e s p e c t i v e l y .
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