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The extens ion of the so l i d - so lub i l i t y  l imi t  obtained in A1-Fe  a l loys  up to 4.4 at .  pct Fe  by 
rapid  quenching f rom the mel t  and the appea rance  of me ta s t ab l e  AlsFe phase for 4 to 20 wt 
pct Fe  have been  repor ted  in the pas t .  P r e s e n t  e xpe r i me n t s  with i sochrona l  and i s o t h e r m a l -  
annea l ing  of A1-Fe  sol id  so lu t ions  conta in ing  3.6 a t .  pct  Fe  have shown that  the so lu t ions  
a r e  ve ry  s table  at  room t e m p e r a t u r e ,  and l e s s  s table  at 200~C, while  at 300~ they decom-  
pose ve ry  rapid ly  and a me ta s t ab l e  A16Fe phase a p p e a r s .  This  phase  is r ep laced  by AlaFe 
a f te r  annea l ing  for 10 min  at 550~ or  for  16 hr  at  400~ The A16Fe phase  r e m a i n s  s tab le  
for 76 hr  at  300~ while  taking m o r e  than 670 hr to be rep laced  by AlsFe .  The author  d i s -  
c u s s e s  the opera t ion  of the " t w o - p i s t o n "  quenching appa ra tus  and concludes  that the s a m -  
ple th ickness  cannot  s e r v e  as  a suff ic ient  c r i t e r i o n  for quenching e f fec t iveness .  

T H E  technique of rapid  quenching of me ta l s  f rom the 
liquid s ta te  developed by Duwez, Wi l lens  and Klement  ~ 
has led to the fo rmat ion  of new amorphous  and c r y s t a l -  
l ine me tas t ab le  phases  and an extens ion  of s o l i d - s o l u -  
b i l i ty  l im i t s  in many al loy s y s t e m s .  

Using ra~pid quenching technique ,  Matyja,  G ie s se n  
and Gran t ,  Tonejc  and Bonefa~id,  3 and Jones  4 have in-  
ves t igated b ina ry  a l loys  of a l u m i n u m  with i ron ,  Fig.  1. 
Matyja e ta l .  were  concerned  with the r e l a t i onsh ip  be -  
tween dendr i t e  s ize  and cooling ra te  in AI-1  at .  pct Fe 
a l loys ,  whi le  Tonejc  and Bonefa~id publ ished the la t t ice  
p a r a m e t e r s  of me tas t ab le  s u p e r s a t u r a t e d  A1-Fe  solid 
solut ions  up to 4.4 at .  pct Fe .  Jones  found that A1-Fe  
a l loys ,  conta ining 4 to 20 wt pct Fe ,  rap id ly  sol idif ied 
by the splat  cooling technique ,  conta in  two di f ferent  
zones ,  zone A and zone B.  Zone A c o r r e s p o n d s  to an 
A1-Fe s u p e r s a t u r a t e d  solid solut ion,  while zone B r e -  
vealed the me ta s t ab l e  A16Fe phase .  This  phase  was  ob-  
se rved  p rev ious ly  only in cont inuously  cas t  A1-2 wt pct 
Fe  B and in A1-1 wt pct Fe 7 sol idif ied with a cooling ra te  
more  than 3~ per  sec -1. A16Fe has an  o r thorhombic  
(Ccmm) s t r u c t u r e  and is i somorphous  with o ther  A18M 
type phases  (AlsMn, 8' 9 A16(Mn, Fe) ,  8 AI~(Mn, Fe ,  Cu), 8 
Al~Tc and  A16Rel~ The la t t ice  p a r a m e t e r s  of a l l  
these  compounds a r e  wi thin  +1.5 pct of 6.51, 7.55 and 
8.90A. 

Jones  a lso  conf i rmed  the r e s u l t s  of Tonejc  and 
Bonefa~id about la t t ice  p a r a m e t e r s  of A1-Fe  sol id so lu-  
t ions .  In examining  the behavior  of an A1-Fe  solid so -  
lution containing about 4 at .  pct Fe ,  and a f te r  annea l ing  
for an hour  at  t e m p e r a t u r e s  of up to 600~ Jones  found 
that the solid solut ion decomposed at between 300 ~ and 
400~ The A16Fe pa t t e rn  became  de tec table  at  400~ 
and in both zones was rep laced  by A13Fe at 500 ~ and 
600~ 

The p r e s e n t  paper  gives  deta i led in fo rmat ion  on de-  
compos i t ion  of s u p e r s a t u r a t e d  A1-3.6 at .  pct  Fe  sol id 
solut ion dur ing  i sochrona l  and i s o t h e r m a l  annea l ing .  
The s tab i l i ty  of me tas t ab le  A16Fe phase and some a s -  
pects  of the " t w o - p i s t o n "  rapid cooling technique a r e  
also d i scus sed .  

A. TONEJC is Assistant in Physical Metallurgy, Institute of Physics 
of the University of Zagreb, Zagrcb, Yugoslavia. 

Manuscript submitted July 7, 1970. 
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Fig. 1--(a) Aluminum-rich end of the equilibrium phase dis- 
gram AI-Fe; ~ (b) Schematic representation of stable (marked 
above the diagram) and stable {marked below the diagram) 
alloy phases obtained by splat-quenching to 20~ The thicker 
line (in the left part of the diagram) represents the concen- 
tration ranges of A1-Fe alloys examined by the author. 

EXPERIMENTAL PROCEDURE 

The A1-Fe  a l loys  were  p r e p a r e d  f rom ca re fu l ly  
weighed quan t i t i e s  of the e l e m e n t s ,  i n se r t ed  into an 
a l umi na  tube 2 m m  in d iam,  and mel ted  by means  of a 
r e s i s t a n c e - h e a t i n g  e l emen t  coiled a round  the a l u m i n a  
tube.  Rapid cooling f rom the l iquid s ta te  was  achieved 
in an appa ra tus  desc r ibed  p rev ious ly  by Dixmie r  and 
Guin ie r  lz and Tonejc  and Bonefa~id.  s In this  " two-  
p i s t o n "  technique  ejected drops of mol ten  a l loy  a r e  
caught be tween two fast  moving s t e e l - p i s t o n s .  

The r e s u l t i n g  f lakes were  approx ima te ly  c i r c u l a r  
(about 1 to 5 m m  in diam) and f rom a few to 70 ~m 
thick.  They w e r e  examined  in a S iemens  114.6 mm 
diam D e b y e - S c h e r r e r  c a m e r a .  S t r a u m a n i s  a s y m m e t r i c  
f i lm pos i t ion  and n i cke l - f i l t e r ed  CuKa or  i r o n - f i l t e r e d  
CoKe r ad i a t i on  were  used .  The la t t ice  p a r a m e t e r s  
we re  computed taking k(CuK~) = 1.54178/~ or  ~(CoK~) 
= 1.79020A for un r e so l ve d ,  and X(CuK~I) = 1.54050A or 
X(CoK~I) = 1.78890.~ for r e so lved  double ts .  The p r e s -  

METALLURGICAL TRANSACTIONS VOLUME 2, FEBRUARY 1971-437 



e n c e  of  t h e  A I ~ F e  o r  A13Fe p h a s e  w a s  e x a m i n e d  by  
m e a n s  o f  a N o n i u s  G u i n i e r - d e  W o l f  q u a d r u p l e  f o c u s i n g  
c a m e r a ,  w i t h  c r y s t a l  m o n o c h r o m a t e d  r a d i a t i o n .  

T h e  i s o t h e r m a l  o r  i s o c h r o n a l  h e a t  t r e a t m e n t  w a s  
c a r r i e d  o u t  b y  p l a c i n g  t h e  s a m p l e s  in  a f u r n a c e  w i t h  a 
n i t r o g e n  a t m o s p h e r e .  A f t e r  e a c h  a n n e a l i n g  t h e  s a m p l e s  
w e r e  a i r  q u e n c h e d .  

T h e  c o n c e n t r a t i o n  of  i r o n  in  t h e  q u e n c h e d  f l a k e s  w a s  
e s t a b l i s h e d  b y  m e a n s  o f  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  
u s i n g  t h e  J E O L - J X A 5  e l e c t r o n  m i c r o p r o b e  a n a l y z e r .  
S o m e  r e s u l t s  a r e  g i v e n  in  T a b l e  I .  No g r e a t  d i f f e r e n c e s  
w e r e  found  b e t w e e n  n o m i n a l  a n d  m e a s u r e d  i r o n  c o n c e n -  
t r a t i o n s .  

R E S U L T S  A N D  DISCUSSION 

Q u e n c h i n g  E f f e c t i v e n e s s  

Q u e n c h e d  s a m p l e s  o f  A 1 - F e  a l l o y s  w i t h  i r o n  c o n c e n -  
t r a t i o n s  f r o m  3 .6  to 10.0 a t .  p c t  w e r e  i n v e s t i g a t e d .  T h e  
e s t i m a t e d  d i s t r i b u t i o n  of  p h a s e s  in  27 s a m p l e s  i s  p r e -  
s e n t e d  in  T a b l e  II .  In  t h e  s a m p l e s  w h e r e  b o t h  A16Fe 
a n d  A h F e  p h a s e s  w e r e  p r e s e n t ,  t h e  e s t i m a t e d  r e l a t i v e  
i n t e n s i t i e s  of  X - r a y  r e f l e c t i o n s  f r o m  A16Fe a n d  A l a F e  
p h a s e s  a r e  g i v e n .  C r o s s e s  i n d i c a t e  t h e  s a m p l e s  w h e r e  
o n l y  o n e  p h a s e  w a s  p r e s e n t .  

F o r  m o s t  q u e n c h e d  a l l o y s  u p  to  4 .4  a t .  p e t  F e  s o l i d  
s o l u t i o n s  w e r e  o b t a i n e d  in  s a m p l e s  no t  t h i c k e r  t h a n  15 
~ m .  In  t h i c k e r  f l a k e s  t h e  A16Fe p a t t e r n  c o u l d  b e  d e -  
t e c t e d  bu t  no t r a c e  of  A l a F e  w a s  found .  R e f e r r i n g  to 
J o n e s  '4 r e s u l t s  a b o u t  z o n e s  A a n d  B ,  w e  m a y  s t a t e  
t h a t  t h e  p r e s e n c e  of  z o n e  A d e p e n d e d  e x c l u s i v e l y  on  
t h e  e f f e c t i v e n e s s  of  q u e n c h i n g .  W h e n  t h e  c o o l i n g  r a t e  
w a s  h i g h  e n o u g h ,  o n l y  t h e  s o l i d  s o l u t i o n ,  i . e .  z o n e  A ,  
w a s  p r e s e n t .  In  c a s e s  w h e r e  t h e  q u e n c h i n g  w a s  l e s s  
e f f e c t i v e ,  i . e .  in  t h i c k e r  f l a k e s ,  t h e  m e t a s t a b l e  A16Fe 
p h a s e  w a s  f o u n d ,  w h i c h  i s  a c h a r a c t e r i s t i c  o f  z o n e  B .  
W h e r e  t h e  c o o l i n g  r a t e  w a s  d i f f e r e n t  in  d i f f e r e n t  r e -  
g i o n s  of  t h e  f l a k e s ,  z o n e  A a n d  B w e r e  s i m u l t a n e o u s l y  
p r e s e n t  in  t h e  f l a k e s .  

W h e n  a l l o y s  w i t h  h i g h e r  c o n c e n t r a t i o n s  t h a n  4 .4  a t .  
p e t  F e  w e r e  q u e n c h e d ,  b o t h  A l a F e  a n d  A l e F e  p h a s e s  
w e r e  d e t e c t e d  in  m o s t  c a s e s .  

T h e  d a t a  in  T a b l e  II c o n f i r m  t h e  f i n d i n g s  of  R u h l  la 
a n d  D i x m i e r  a n d  G u i n i e r  TM t h a t  t h e  a v e r a g e  c o o l i n g  
r a t e  v a r i e s  w i t h  t h e  t h i c k n e s s  o f  t h e  s a m p l e :  a s  a r u l e ,  
t h i n n e r  f l a k e s  a r e  b e t t e r  q u e n c h e d .  H o w e v e r ,  t h i s  n e e d  
no t  o c c u r  in  a l l  c a s e s .  T h u s  s a m p l e s  N o s .  4 a n d  5, 
b o t h  9 ~ m  t h i c k ,  w e r e  of  d i f f e r e n t  s t r u c t u r e  ( T a b l e  II) .  
How c a n  t h i s  b e  e x p l a i n e d ?  

F i g .  2 r e p r e s e n t s  t h e  o p e r a t i o n  of  t h e  " t w o - p i s t o n "  
a p p a r a t u s .  A a r e  f a s t  m o v i n g  m e t a l  p i s t o n s  a n d  B i s  
t h e  a l u m i n a  t u b e  w i t h  t h e  r e s i s t a n c e - h e a t i n g  e l e m e n t .  
W h e n  t h e  l i q u i d  g l o b u l e  i s  p l a c e d  e x a c t l y  a t  t h e  m i d -  

Table I. Nominal and Measured Fe Concentrations in Aluminum-Rich AI-Fe Alloys 

Nominal Concentrations Measured Concentrations, 
At, Pct Fe At. Pct Fe 

0.675 0.705 
0,70 0.69 
0.70 0.64 
1 . 8 8  1 . 8 2  

4.40 4.55 
5.90 5.80 

Table II. Estimated Distribution of Phases at Room Temperature in AI-Fe 
Alloys Rapidly Quenched from the Melt 

Sample A1-Fe Solid 
Act. Pet Fe No. Thickness, #m AI6 Fe Ala Fe Solution 

1 1 5  + - - 

2 20 + - - 
3 37 + - - 
4 9 - - o 

3.6 
5 9 + - 
6 12 - - o 
7 7 - - o 
8 1 1  - - o 

4.0 9 10 - - o 

10 25 + - - 

1 1  2 0  + - - 

4 . 3  12 35 + - - 
13 30 + - - 

1 4  40 + - - 

4 . 4  15 8 - - o 

5.4 16 20 w m - 

17 15 - + 
1 8  2 0  - + - 

7 . 8  19 20 m m - 
20 10 w m - 
21 10 - + 

8 , 0  2 2  1 8  m m e 

23 35 s m - 
24 25 m s - 

10.0 25 65 w s 
26 40 m s 
27 25 s w 

+ AI~Fe or AlsFe phase present. 
o AI-Fe solid solution. 

Partial AI-Fe solid solution. 
- A b s e n t  

w Weak 
m Medial 
s Strong 

p o i n t  b e t w e e n  t h e  m o v i n g  p i s t o n s ,  t h e  q u e n c h i n g  i s  
i d e a l  b e c a u s e  a r a p i d  r e m o v a l  o f  h e a t  i s  now a c h i e v e d  
f r o m  two s i d e s  o f  t h e  t h i n  l iqu id  l a y e r  w h e n  t h e  p i s t o n s  
c o l l i d e .  B u t  w h e n  t h e  l i qu id  g l o b u l e  [g lobu le  (b) in  F i g .  
1] t o u c h e s  o n e  of  t h e  m o v i n g  p i s t o n s  b e f o r e  i t  d o e s  t h e  
o t h e r ,  l o c a l  c o o l i n g  o c c u r s  a n d  t h e  b e g i n n i n g  of  t h e  
n u c l e a t i o n  of  t h e  s o l i d  p h a s e  in  t h i s  p a r t  of  t h e  g l o b u l e  
c a n n o t  b e  p r e v e n t e d .  A s  i n d i c a t e d  b y  D u w e z ,  14 in  t h i s  
c a s e  t he  q u e n c h i n g  r a t e  i s  p r o b a b l y  d e c r e a s e d  b y  s e v -  
e r a l  o r d e r s  of  m a g n i t u d e .  T h i s  i s  a m o s t  e s s e n t i a l  
r e s u l t  f o r  t h e  " t w o - p i s t o n "  t e c h n i q u e  b e c a u s e  m e r e  

HIGH-  PRESSURE ARGON 

II 

Fig. 2 - - " T w o - p i s t o n "  quenching device.  
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knowledge of the sample  th ickness  cannot  be a suf f i -  
c ient  c r i t e r i o n  for quenching e f fec t iveness .  Quenched 
s a m p l e s  m u s t  t he r e fo r e  be examined by X - r a y  d i f f rac -  
t ion techniques  before  they a r e  used for other  i n v e s t i -  
gat ions  (e.g. e l e c t r i c a l - r e s i s t a n c e  m e a s u r e m e n t s ,  
mechan ica l  p rope r t i e s ) .  

The X - r a y  d i f f rac t ion  pa t t e rn  of sample  No. 17, taken 
immed ia t e ly  a f te r  quenching,  showed a p a r t i a l  solid 
solut ion and p r e s e n c e  of A13Fe phase .  This  sample  
probably  contained reg ions  which w e r e  quenched with 
v e r y  d i f ferent  cooling r a t e s .  Af ter  annea l ing  this  s a m -  
ple for 20 min  at  400~ l ines  of the AleFe phase ap-  
peared  on the X - r a y  d i f f rac t ion  pa t t e rn  bes ides  the a l -  
ready  exis t ing  A13Fe, Table  III. 

Isochronal Annealing 

The plot of the lattice parameter change of the solid 
solution of the rapidly quenched A1-3,6 at. pet Fe alloy 
after annealing for 10 min at temperatures up to 550~ 
is shown in Fig. 3. Uncertainties in spacings are ap- 
proximately indicated by the attached error bars. The 
solid solution decomposed at between 200 ~ and 350~ 
with a maximum increase in the lattice parameter be- 
tween 250 ~ and 300~ The AI6Fe pattern became de- 
tectable at 300~ At 400~ the (333) doublets (taken 
with CuKot radiation) became resolved, and at 450~ 
this happened to the (422) doublets as well. At this tem- 
perature the AI3Fe pattern became evident, while at 
500~ the lines of the AleFe phase were disappearing. 
At 550~ only the equilibrium terminal phases of alu- 
minum and A13Fe were present. 

Table III. Annealing of the Sample Containing Partial AI-Fe 
Solid Solution and AI 3 Fe Phase 

Annealing Annealing Time, Min 
At. Pct Fe Temp Phase 0 30 

7.8 4oo~ 

Solid 
Solution + - 
A16 Fe - m 
AI 3 Fe rn m 

+Present 
m Medial 
-Absent 

h.060 

o~ 
~: / . .050 
U J  

~ 6,060 
e l -  

Q- 

4.030 
I-- 

~ h.020 

t,,01C 

AI6Fe PHASE PRESENT 
AI3Fe PHA SE PRESENT 

I I I I I I I I , I , 

100 200 300 400 500 
ANNEALING TEMPERATURE (~ 

Fig. 3--The variation of lattice parameter of A1-Fe solid so- 
lution with annealing temperature for A1-3.6 at. pet Fe after 
annealing for 10 rain at each temperature. 

C o m p a r i s o n  of our  X - r a y  m e a s u r e m e n t s  on the de-  
compos i t ion  of the A1-3.6 at .  pet Fe  solid so lu t ion  with 
the me ta l log raph ic  inves t iga t ion  of i sochrona[  annea led  
A1-0.68 at .  pet Fe  sol id so lu t ion  made by Kunste l j  and 
BonefaCid, zs sugges ts  that  in the f i r s t  s tage of annea l ing  
(up to 150~ a c o a r s e  c e l l u l a r  s t r u c t u r e  with g lobular  
p r ec ip i t a t e s  develops  a long the ce l l  wa l l s ,  followed by 
the a p p e a r a n c e  of p a r t i c l e s  of AlsFe  phase  at  the ~-A1 
s u b g r a i n  bounda r i e s  (up to 300~ With fu r the r  a n n e a l -  
ing and due to subgra in  and g r a i n  boundary  mig ra t i on  
these  p a r t i c l e s  coagulate  into p l a t e - l i ke  p a r t i c l e s  of 
the AlsFe  phase  (up to 450~ and f inal ly a coa r sen ing  
of these  p a r t i c l e s  is  obse rved  at  the g r a i n  bounda r i e s  
(above 450~ 

I s o t h e r m a l  Annealing 

From Fig. 3 three points were chosen for isothermal 
annealing: at 200 ~ 250 ~ and 300~ The results for 
AI-3.6 at. pet Fe solid solution are presented in Fig. 4. 

Annealing at 300~ gave a very rapid increase in lat- 
tice parameter approaching the equilibrium value 
within the first 12 min when the lines of AleFe could be 
detected. After annealing for 5 hr at 300~ the lattice 
parameter reached equilibrium value. No X-ray evi- 
dence of the AI3Fe phase was present at this stage of 
annealing. 

At 250~ the lattice parameter increased almost 
linearly with the annealing time. AleFe phase was de- 
tected after 5.5 hr, while after 34.5 hr the lattice pa- 
rameter reached equilibrium value. 

At 200~ the lattice parameter was recovering very 
slowly. A certain increase could be observed within 
the first hour of annealing. This is probably due to the 
annealing-out of quenched-in vacancies.le The AI6Fe 
phase was detected after annealing for 260 hr (not in- 
dicated in Fig. 3) and the lattice parameter reached 
equilibrium value after further annealing for 1000 hr. 

The annealing of solid solutions containing 3.0 and 
3.9 at. pet Fe, at room temperature, for 2 years pro- 
duced no change in the lattice parameters. 

Stability of the AleFe Phase 

Samples of A1-3.6 at. pet Fe which contained mix- 
tures of aluminum and AleFe were isothermally an- 
nealed at 300 ~ 400 ~ and 550~ respectively. The re- 
sults are presented in Table IV. The AI~Fe phase 
remained stable for 7 6 hr at 300 ~ when it began to pass 
into the equilibrium Al~Fe phase. However, after 670 
hr the AleFe phase was still present in the sample. 

_ 6.0~0 

4.04C 

~ /*.CDC 

6,020' 

O 30@ qc O m AIsFe PHASE PRESENT 
a ZS0 r 
O ZQ0~ 

ee ~oo~ 
O O w g 

o 

. . . . . . . .  , . . . . . . . .  I . . . . . . . .  I . . . . . . . .  

i0 ~ 10 2 10 ~ I0 ~ 

ANNEALING TIME (MINUTES) 

Fig. 4--The variation of lattice parameters of AI-3.6 at. pet 
Fe solid solutions with annealing time (annealing tempera- 
tures: 200 ~ 250 ~ and 300~ 
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Table IV, Isothermal Annealing of AI-3.6 At. Pet Fe Alloys Containing AI e Fe Phase (Annealing Temperatures: 300 ~ 400 ~ and 550~ 

Annealing Annealing Time, hr 
Temperature Phase 0 0.16 0.25 0.50 1A 2.6 7.7 16 21 76 117 300 670 

300OC AI6 Fe m s - s s s - 
A l a F e  o o - o o o - - 

400OC A16 Fe m s - s ms m w o 
Ala ge o o - vw w m ms s 

550Oc AI6 Fe m - o 

Ala Fe o - s 

s s ms ms m 
o o vw vw w 

- Not measured. 
o Absent 

vw Very weak 
w Weak 
m Medial 

ms Medial strong 
s Strong 

A f t e r  a n n e a l i n g  f o r  30 m i n  a t  400~ the  A l a F e  p h a s e  
cou ld  b e  d e t e c t e d  on  the  X - r a y  d i f f r a c t i o n  p a t t e r n ,  
w h i l e  a f t e r  16 h r  t he  A16Fe p h a s e  d i s a p p e a r e d  and  on ly  
t h e  a l u m i n u m  and  A l a F e  e q u i l i b r i u m  p h a s e s  r e m a i n e d  
p r e s e n t .  

At  550~ the  s a m e  p r o c e s s  took on ly  15 ra in .  

CONC LUSIONS 

The results of the investigation can be summarized 
a s  f o l l o w s :  

1) A 1 - F e  s o l i d  s o l u t i o n s  w e r e  p r o d u c e d  f o r  a l l o y s  up 
to 4.4 a t .  p c t  F e  f o r  s a m p l e s  t h i n n e r  t h a n  15/~m.  In 
t h i c k e r  s a m p l e s  t he  m e t a s t a b l e  A18Fe p h a s e  a p p e a r e d .  
T h e s e  r e s u l t s  a g r e e  w i t h  t h o s e  p u b l i s h e d  by  J o n e s .  4 

2) In q u e n c h e d  s a m p l e s  c o n t a i n i n g  4.4 to 10.0 a t .  p c t  
F e  m e t a s t a b l e  A16Fe and  s t a b l e  A l a F e  p h a s e  a p p e a r e d  
m o r e  o f t e n  t h a n  m e t a s t a b l e  A l e F e  a l o n e .  P a r t i a l  s o l i d  
s o l u t i o n s  w e r e  a l s o  p r e s e n t .  

3) S a m p l e  t h i c k n e s s  c anno t  be  a s u f f i c i e n t  c r i t e r i o n  
f o r  t h e  q u e n c h i n g  e f f e c t i v e n e s s  of  t h e  " t w o - p i s t o n "  
m e t h o d .  

4) A 1 - F e  s o l i d  s o l u t i o n s  p a s s e d  a l w a y s  in to  t h e  
e q u i l i b r i u m  a l u m i n u m  and  A13Fe p h a s e  o v e r  t he  m e t a -  
s t a b l e  A16Fe. 

5) T h e  A1-3 .6  a t .  p c t  F e  s o l i d  s o l u t i o n  w a s  v e r y  
s t a b l e  a t  r o o m  t e m p e r a t u r e ,  but l e s s  a t  200~ w h i l e  a t  
300~ it d e c o m p o s e d  r a p i d l y  to a l u m i n u m  and  A16Fe 
p h a s e  (in o u r  e x p e r i m e n t  a f t e r  350 m i n ) .  

6) T h e  AI~Fe p h a s e  r e m a i n e d  s t a b l e  f o r  7 6 h r  a t  
300~ but  a t  400~ fo r  on ly  30 ra in .  It g r a d u a l l y  
c h a n g e d  to t h e  e q u i l i b r i u m  p h a s e  A l a F e  w i t h i n  t he  nex t  

15 h r  a t  400~ and  w i t h i n  abou t  10 m i n  a t  550~ How-  
e v e r ,  a t  300~ t h e  p r o c e s s  w a s  not ye t  c o m p l e t e d  a f t e r  
670 h r .  
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