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The effect of r e v e r s i o n  t r e a t m e n t s  on an A1-1.35 at.  pct  Mg2Si a l loy fully age hardened for 
24 h at 160~ was studied by e lec t ron  mic roscopy  and tens ion  t es t s .  This al loy aged to full  
s t rength  at 160~ did not show t rue  r e v e r s i o n  when heated 15 min  at 200 to 300~ The G.P. 
zones did not d isso lve  rap id ly  at a pa r t i cu l a r  t e m p e r a t u r e  but  ins tead  were  rep laced  by the 
more  s table  phase,  ~'  (the i n t e rmed ia t e  pa r t i a l ly  coherent  fo rm of Mg2Si). After rehea t ing  
the fully age hardened  alloy 15 min at 250~ a sl ight  i n c r e a s e  in s t rength  was obtained,  but 
the duct i l i ty  was s l ight ly lowered.  Revers ion  t r e a t m e n t s  at higher  t e m p e r a t u r e s  (275 to 
300~ gradua l ly  dec reased  the s t rength  of the alloy. Two s imul t aneous  r eac t i ons  a re  be -  
l ieved to occur  dur ing  the r e v e r s i o n  t r e a t m e n t s :  1) the growth of some of the G.P. zones 
and the d issolu t ion  of o thers  and 2) the fo rmat ion  of needles  of/3' .  

O N E  impor tan t  aspect  of the study of p rec ip i ta t ion  
hardening  in al loys is the r e v e r s i o n  phenomenon.  In 
genera l  r e v e r s i o n  may be defined as the reso lu t ion  of 
G.P. zones or p rec ip i t a tes  in an aged al loy by heat ing 
at a t empe ra tu r e  above the or ig ina l  aging t e m p e r a t u r e  
but below the equ i l ib r ium solvus.  According to the i r  
effect on p rec ip i t a t ion  m e c h a n i s m s  in al loys,  r e v e r s i o n  
t r e a t m e n t s  can be divided into two groups:  

Type 1: (True Revers ion)  With this  r e v e r s i o n  t r e a t -  
ment  G.P. zones d isso lve  in aged a l loys  at or above a 
metas tab le  G.P. zone solvus in a shor t  t ime  without an 
excess ive  amount  of i n t e rmed ia t e ,  more  s table  p r e -  
c ip i ta tes  being formed dur ing  the d i sso lu t ion  of the 
G.P. zones.  Associa ted  with the d i sso lv ing  of the G.P. 
zones  in this  p roce s s  is a rapid  dec rea se  in tens i le  
s t rength .  

For example,  Herman  and Fine* found that the r e v e r -  
sion p roce s s  for G.P.1 zones  in an A l - l . 7  at. ~pct Cu a l -  
loy was over  in roughly �89 min  at 205~ Graf ob-  
se rved  in an A l - l . 7  at. pct Cu alloy that O.P.2 zones 
formed at 150~ r ed i s so lved  comple te ly  on heat ing for 
5 min at 250~ Other r e v e r s i o n  expe r imen t s  have been 
made on AI-Zn al loys 3-s and a G.P. zone solvus has 
been de te rmined  4 which co r re sponds  to the boundary  
above which the G.P. zones  d issolve .  Po lmear  6 applied 
r e v e r s i o n  t r e a t m e n t s  to a s e r i e s  of A1-Zn-Mg al loys 
and de t e rmined  a G.P. zone solvus sur face  for this 
al loy sys tem.  

Type 2: With this r e v e r s i o n  t r e a t m e n t  G.P. zones 
d issolve  much more  slowly than those of Type ! and 
s imul taneous  p rec ip i ta t ion  of an in t e rmed ia t e  me t a -  
s table  phase occurs .  That is ,  a more  s table  i n t e r m e -  
diate phase is fo rmed  before  the reso lu t ion  of the G.P. 
zones has been completed.  For example,  in A1-Ag a l -  
loys r e v e r s i o n  t r e a t m e n t s  r emove  the hardening  due 
to the fo rmat ion  of the G.P. zones but sma l l  p la te le t s  
of y '  fo rm s imul taneous ly .  7 

Many expe r imen ta l  inves t iga t ions  have been c a r r i e d  
out r ecen t ly  on A1-Mg-Si a l loys  8-** but l i t t le  a t tent ion 
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has been  paid to r e v e r s i o n  t r e a t m e n t s .  The genera l  s e -  
quence of aging in a supe r sa tu ra t ed  solid solut ion of 
MgaSt in a luminum is well  e s t a b l i s h e d ?  z-*7 

G.P. Zones In te rmedia te  P r e -  Equ i l ib r ium 
( ~ a p e  = ?) , c ipi ta te  (Needles �9 Phase Mg~Si 

along (100) of the (Pla te le ts )  
a luminum lat t ice)  

The morphology of the G.P. zones,  however,  is s t i l l  
a con t rove r s i a l  ma t t e r  s ince Cord ie r  and Gruh118 be -  
l ieve them to be approx imate ly  spher ica l  while other  
worke r s  1~ be l i eve  them to be need le - l ike .  

The purpose  of this  r e s e a r c h  was to invest igate  the 
effects of r e v e r s i o n  t r e a t m e n t s  on an A1-1.35 at. pct 
Mg2Si al loy by r e l a t ing  the tens i le  p rope r t i e s  to the 
m i c r o s t r u c t u r e s  obse rved  in the e l ec t ron  microscope .  

EXPERIMENTAL PROCEDURE 

A h igh-pur i ty  A1-Mg2Si al loy cons is t ing  of 0.90 at. 
pct Mg and 0.45 at.  pct  Si (0.81 wt pct Mg and 0.47 wt 
pct Si) with copper and i ron  impur i t i e s  l e s s  than 0.01 
pct was used in this  r e s e a r c h .  Cast  ingots were ho- 
mogenized at 570~ for 24 h, scalped and hot ro l led  to 
0.10 in. s labs  at 300 to 400~ The 0.01 in. s labs  were 
then cold ro l led  with i n t e rmed ia t e  annea l s  to the th ick-  
ne s s  r equ i r ed  for each exper iment .  

1) E lec t ron  T r a n s m i s s i o n  Microscopy 

For these  expe r imen t s  thin foils were  made by cold 
ro l l ing  and annea l ing  unti l  the meta l  was 0.003 in. thick. 
This m a t e r i a l  was then cut into thin s t r ip s  and solut ion 
heat  t r ea ted  at 565~ in a furnace  which was control led 
to ~5~ All samples  were  water  quenched at 20~ and 
aged in a bath of Ucon heat  t r a n s f e r  fluid which was 
cont ro l led  to •176 The foil s amples  were  thinned by 
s tandard  techniques  such as desc r ibed  by Hirsch et al.19 
Examinat ion  of the thin foils  was made us ing an Hitachi 
HU-11E e lec t ron  mic roscope  opera ted  at 100 kV. 
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2) Tens ion  Tes ts  

Samples for  the t ens ion  tes t s  were made f rom blanks  
2.0 • 0.25 • 0.025 in. f rom which a 0.5 • 0.125 in. gage 
por t ion was machined.  After heat t r ea tment ,  the s a m -  
ples  were  tes ted for u l t imate  tens i le  s t rength  and 0.2 
pct offset yield s t rength  using an Ins t ron machine  (0.1 
in. per  rain). Elongat ion was measu red  using an Ins t ron  
s t r a i n  gage ex tensomete r .  

RESULTS 

Isochronal  Revers ion  Studies 

(a) STRUCTURE AND TENSILE PROPERTIES OF 
THE FULLY AGED ALLOY 

The ul t imate  t ens i l e  s t rength  of the Al-1.35 at. pct 
Mg2Si al loy was r a i s e d  f rom an average  of 17.2 ksi  for 
the as -quenched  samples  af ter  solut ion heat t r e a t me n t  
to 34.9 ks i  after  s ing l e - s t age  aging for 24 h at 160~ 
The la t te r  heat t r e a t m e n t  provided the highest  s t rengths  
us ing a s ing le - s t age  aging p rocess .  

Selected e lec t ron  t r a n s m i s s i o n  mic rographs  of this 
al loy given the 24 h at 160~ aging t r e a t m e n t s  a re  shown 
in Fig. l(a) and l(b). The geomet r ic  shapes of the p r e -  
c ipi ta tes  af ter  this t r e a t m e n t  a re  difficult  to d i s c e r n  
even at a magni f ica t ion  of 88,000 t imes .  However, two 
types appear  to p redomina te :  one which is approximate ly  
spher ica l  and another  which is needle shaped. 

The shape of the G.P. zones  in A1-Mg2Si al loys is a 
con t rove r s i a l  topic.  Cord ie r  and Gruhl xB de t e rmined  
f rom e lec t ron  t r a n s m i s s i o n  mic roscopy  that the G.P. 
zones in an A1-1.38 pct Mg2Si a l loy were approx imate ly  
sphe r i ca l  and that the i r  shape depended on the t e m p e r -  
a ture  and t ime  of aging. However,  e a r l i e r  work by 
Lutts 16 led to the conc lus ion  that the G.P. zones were 
need le - l i ke  and were fo rmed  in two s tages .  His expe r -  
imen t s  were made us ing diffuse X- r ay  sca t te r ing .  How- 
ever ,  Cordier  and Gruhl Is pointed out that because  of 
the sma l l  d i f ferences  in the sca t t e r ing  fac tors  of mag-  
nes ium and s i l i con  in compar i son  with a luminum,  it 
would be difficult  to make a p rec i se  X- r ay  ana lys i s  of 
the fo rmat ion  of G.P. zones in the A1-Mg2Si a l loys .  The 
r e s u l t s  of this  p r e sen t  work appear  to agree  more  with 
Cord ie r  and Gruh l ' s  work in that the G.P. zones a re  
be l ieved to be sphe r i ca l - l i ke  and the in t e rmed ia te  /3' 
p rec ip i ta te  need le - l lke .  

Although A1-Mg2Si al loys a re  not known for having 
p r e c i p i t a t e - f r e e  zones l ike A1-Zn-Mg alloys,  z~ this  a l -  
loy c l ea r l y  shows one of about 0.I  ~. One of the e a r l i e r  
theor ies  to explain the fo rmat ion  of these p rec ip i t a t e -  
f ree  zones  was the vacancy theory f i r s t  p r e sen t ed  by 
Taylor .  ~1 According to this  theory  the p r e c i p i t a t e - f r e e  
zones were  formed because  there  was a low concen t r a -  
t ion of vacanc ies  nea r  the g ra in  boundar ies  which would 
inhibit  p rec ip i ta t ion .  As a r e su l t  of more  r ecen t  exper -  
iments ,  p r e c i p i t a t e - f r e e  zones a re  now bel ieved to be 
formed by a combinat ion  of a low concent ra t ion  of va -  
canc ies  ct;~d solute  a toms in the region  adjacent  to the 
g ra in  boundar ies .  22 

ica l ly  in Fig. 2. The effects of these  t r e a t m e n t s  on the 
m i c r o s t r u c t u r e  are  shown in the e l ec t ron  t r a n s m i s s i o n  
mic rographs  of Figs.  3 to 6. 

When a r e v e r s i o n  t r e a t me n t  of 15 min  at 200~ is 
given to the al loy aged at 160~ the u l t imate  t ens i l e  
s t rength  dec reased  s l ight ly to 32.0 ksi  and the duct i l i ty  
dec reased  to 6 pct (Fig. 2). The m i c r o s t r u c t u r e  of the 
aged alloy after  this heat t r e a t me n t  is coa r sened  as is 
shown in Figs.  3(a) and 3(b). Dis t inct  need le - l i ke  p r e -  
c ipi ta tes  a re  v is ib le  at A and B marked  on the m i c r o -  
s t r uc t u r e  (Fig. 3(b)). 

Rais ing the r e v e r s i o n  t r ea tmen t  t e m p e r a t u r e  to 
250~ for 15 rain causes  the needles  to grow along p r e -  
f e r r ed  c rys ta l lograph ic  (100> d i rec t ions  17 (Fig. 4). The 

(a) 

(b) STRUCTURE AND TENSILE PROPERTIES OF 
THE FULLY AGED ALLOY AFTER REVERSION 
TREATMENTS 

The effects of the reversion treatments on the fully 
aged alloy for 15 min at 200 to 300~ are shown graph- 

Fig. 1--Electron transmission micrographs (magnification about 
88,000 times) of an A1-1.35 at. pct Mg2S1 alloy fully age hardened 
showing (a) duplex nature of precipitate: spherical-like and nee- 
dle-like types, and (b) precipitate-free zones, (Alloy was solu- 
tion heat treated for 30 rain at 565~ water quenched at 20~ 
and aged 24 h at 160~ 
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F ig .  2 - - E f f e c t  of  15 rain r e v e r s i o n  t r e a t m e n t s  at  t e m p e r a t u r e s  
f r o m  200 to 300~ on the  t e n s i l e  p r o p e r t i e s  of a fu l ly  age  h a r d -  
ened A1-1.35 at.  pe t  Mg2Si a l loy.  (Alloy was  so lu t ion  hea t  t r e a t e d  
for 30 min  a t  565~ w a t e r  q u e n c h e d  at  20~ aged  24 h at  160~ 
and r e h e a t e d  15 rain at the  t e m p e r a t u r e s  ind ica ted . )  

duplex na tu re  of the p r e c i p i t a t i o n  can be seen  by the 
p r e s e n c e  of l a r g e  need le s  such as  at  A a long with a 
fine p r e c i p i t a t e  a s  shown, for  example ,  at  B. The a l loy  
with th is  duplex s t r u c t u r e  showed s u p e r i o r  s t r eng th  
p r o p e r t i e s  (UTS = 35.5 ks i )  but  a d e c r e a s e d  duc t i l i t y  
(4 pct) .  

I n c r e a s i n g  the r e v e r s i o n  t r e a t m e n t  t e m p e r a t u r e  s t i l l  
h igher  to 275~ for  15 min f ina l ly  l ower s  the s t r eng th  
to 28.6 ks i  UTS and i n c r e a s e s  the duc t i l i t y  to 11 pct .  
The m i c r o s t r u c t u r e  in th is  c a se  shows a d i s t i nc t  ne t -  
work  of the n e e d l e - l i k e  p r e c i p i t a t e s ,  but the fine p r e -  
c ip i t a te  a p p e a r s  to have d i s s o l v e d  (Fig .  5). 

Applying a r e v e r s i o n  t r e a t m e n t  at  an even h igher  
t e m p e r a t u r e  of 300~ for  15 min c o a r s e n s  the need l e -  
l ike  ne twork  of p r e c i p i t a t e s  (Fig.  6). Cor r e spond ing ly ,  
the t ens i l e  s t r eng th  of the a l loy  d e c r e a s e d  to 24.2 ks i  
with the duc t i l i t y  r e m a i n i n g  at  11 pct .  

I s o t h e r m a l  R e v e r s i o n  Studies  

It was o b s e r v e d  f rom the cons tan t  t ime  e x p e r i m e n t s  
that  a t  275~ the s t r eng th  of the a l loy  d e c r e a s e d  con-  
s i d e r a b l y .  T h e r e f o r e ,  th is  t e m p e r a t u r e  was chosen  
for  v a r y i n g  the t ime  at  t e m p e r a t u r e  to inves t iga te  the 
changes  in m i c r o s t r u c t u r e  and p r o p e r t i e s  of th is  a l loy  
i s o t h e r m a l l y .  

Af ter  apply ing  a r e v e r s i o n  t r e a t m e n t  of 5 min at  
275~ to the a l loy  aged 24 h at  160~ the s t r eng th  
(UTS) of the a l loy  d e c r e a s e d  f rom 34.9 to 33.3 ks i  
(Fig .  7). The c o r r e s p o n d i n g  m i c r o s t r u c t u r e  for  th is  
a l loy  is  shown in Fig .  8(a). Some n e e d l e - l i k e  p r e c i p i -  
ta te  can be seen ,  for  example ,  at  A and B. A fine p r e -  
c ip i t a te  can a l so  be o b s e r v e d  be tween the need les  which 
shows a low d e g r e e  of p a r t i a l  cohe rency  and hence does  
not appea r  c l e a r l y .  

(a) 

(b) 
F ig .  3 - - E l e c t r o n  t r a n s m i s s i o n  m i c r o g r a p h s  ( m a g n i f i c a t i o n  about  
88,000 t i m e s )  of a n ' A l - l . 3 5  a t .  pc t  MgzSi a l loy  a f t e r  r e v e r s i o n  
t r e a t m e n t  of 15 rain at  200~ Af te r  th i s  r e v e r s i o n  t r e a t m e n t  
the  a l loy s h o w s  (a) c o a r s e n i n g  of the  p r e c i p i t a t e s ,  and (b) s o m e  
d i s t i n c t  n e e d l e s  of fl' i n t e r m e d i a t e  p h a s e ,  s u c h  as  at A and  B.  
(Alloy was  so lu t i on  hea t  t r e a t e d  for  30 min  at  565~ w a t e r  
q u e n c h e d  at 20~ aged  24 h at 160~ and r e h e a t e d  15 rain at  
2oo~ 

A r e v e r s i o n  t r e a t m e n t  of 10 min at  275~ app l ied  to 
the a l loy  a f t e r  aging 24 h at  160~ lower s  the s t r eng th  
(UTS) to 32.1 ks i .  The need les  a p p e a r  m o r e  d i s t i nc t  in 
the s t r u c t u r e  (Fig .  8(b)) and the fine p r e c i p i t a t e s  a p p e a r  
to have los t  mos t  of t he i r  con t r a s t .  

Af ter  r e v e r t i n g  the aged a l loy  for  15 min at  275~ 
the t en s i l e  s t r eng th  (UTS) d e c r e a s e d  to 28.6 ks i  and 
the duc t i l i t y  i n c r e a s e d  to 11 pct .  The 0.2 pc t  offse t  
y ie ld  s t r eng th  a l so  d e c r e a s e d  c o n s i d e r a b l y  f rom 34.2 
ks i  for  10 min  at  275~ to 28.6 ks i  for  15 min at  275~ 
In the m i c r o s t r u c t u r e  the ne twork  of need les  a p p e a r s  
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even more  dist inct  (Fig. 8(c)) than after 10 min (Fig. 
8(b)) due to its becoming  more  incoherent .  The areas  
b e t w e e n  the  n e e d l e s  a l s o  a r e  o b s e r v e d  to have  c l e a r e d  
up. 

DISC USSION 

On the  b a s i s  of t h e s e  e x p e r i m e n t s ,  it  i s  c l e a r  t ha t  
Type  2 r e v e r s i o n ,  a s  d e f i n e d  in t he  i n t r o d u c t i o n  of t h i s  

paper, takes place in AI-Mg2Si alloys. That is, the G.P. 
zones are  not completely dissolved by the revers ion  
process  without some simultaneous precipitat ion of the 
part ial ly coherent intermediate phase of Mg2Si. Even 
after the fully age hardened AI-Mg2Si alloy was r e -  
ver ted for 15 rain at 250~ which is 90~ above the 
temperature  at which it was age hardened, the tensile 
strength did not decrease as one would expect if true 
(Type i) revers ion  occurred.  Instead, this alloy was 

Fig. 4--Electron transmission micrograph (magnification about 
88,000 times) of an Ai-1.35 at. pct Mg2SI alloy after reversion 
treatment of 15 rain at 250~ After this reversion treatment 
the alloy still showed a duplex microstructure. For example, 
large needles at A and a free precipitate at B. (Alloy was solu- 
tion heat treated for 30 rain at 565~ water quenched at 20~ 
aged 24 h at 160~ and reheated 15 rain at 250~ 

(a) 

Fig. 5--Electron transmission micrograph (magnification about 
88,000 times) of an AI-1.35 at. pct Mg2Si alloy after reversion 
treatment of 15 rain at 275~ After this reversion treatment, 
alloy shows needles of /3' intermediate phase only. (Alloy was 
solution heat treated 30 rain at 565~ water quenched at 20~ 
aged 24 h at 160~ and reheated 15 min at 275~ 

(b) 
Fig. 6--Electron t r ansmiss ion  micrographs  of an A1-1.35 at. 
pct Mg2S1 alloy after revers ion  t rea tment  of 15 rain at 300~ 
Structure shows coarse  needle-hke  precipi ta te  of ~' i n t e r m e -  
diate phase in (a) which is at magnification about 88,000 t imes ,  
and (b) which is at magnification about 51,000 t imes .  Lower 
magnification shows needle-l ike network more  dist inctly.  (Al- 
loy was solution heat t reated for 30 rain at 565~ water  quenched 
at 20~ aged 24 h at 160~ and reheated 15 rain at 300'C.) 
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s l ight ly  s t rengthened  (34.9 to 35.5 ksi) by the rehea t ing ,  
but its duct i l i ty  was lowered  f rom 8 to 4 pct.  This ef-  
fect  could be explained by the coa r sen ing  of the i n t e r -  
media te  fi' p r ec ip i t a t e  and the s imul taneous  coa r sen ing  
of some of the G.P. zones and the d isso lu t ion  of o thers .  

This s i tuat ion whereby  two p rec ip i t a t ion  r eac t i ons  
occur  s imul t aneous ly  is not uncommon.  For  example ,  
while p la te le t s  of 0' phase in an A l - l . 7  at. pct Cu al loy 
a r e  being d i s so lved  by a r e v e r s i o n  p r o c e s s ,  the equi-  
l i b r ium phase 0 appea r s  in its p lace .  2s In the case  of 
some aged A1-Ag a l loys  r e v e r s i o n  t r e a t m e n t s  must  r e -  
move the hardening  effects  of at l eas t  two d e c o m p o s i -  
t ion produc ts .  7 Thus, for  Type 1 or  n o r m a l  r e v e r s i o n  
to take p lace  the re  must  ex is t  a d i s c o n t i n u i t y  between 
the two s u c c e s s i v e  f o r m s  of s eg rega t e .  The re  appea r s  

to be no such discontinuity in this AI-Mg2Si alloy be- 
tween the G.P. zones and the intermediate ~' precipi- 
tate. 

However, a critical temperature (Tc) below which 
homogeneous precipitation occurs and above which 
heterogeneous precipitation takes place can be deter- 
mined for this alloy system upon cooling (quenching 
and aging) as has been shown by Pash ley  el  a l .  24 For 
the i r  a l loy (Al - l . 20  wt pet  Mg2Si ) a value  of T c of 225 
• 5~ was d e t e r m i n e d  for  s amples  quenched d i r ec t l y  
into a sa l t  bath and aged. However ,  as  Pash ley  points 
out, T c is k ine t i ea l ly  sens i t i ve  and its value will  change 
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Fig. 7--Effect of reversion time at 275~ on the tensile proper- 
ties of a fully age hardened AI-1.35 at. pct Mg2Si alloy. (Alloy 
was solution heat treated for 30 min at 565~ water quenched 
at 20~ aged 24 h at 160~ and reheated for different time in- 
tervals at 275~ 
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(ct 
F ig .  8 - - E l e c t r o n  t r a n s m i s s i o n  m i c r o g r a p h s  of an A1-1.35 at.  
pe t  Mgf i i  a l loy  a f t e r  r e v e r s i o n  t r e a t m e n t s  at 275~ for  (a) 5 
min ,  (b) 10 min ,  and (c) 15 min .  N e e d l e s  of p '  p r e c i p i t a t e  can  
be seen at A and B in (a). The partially coherent precipitate 
between the needles in (a) is cleared up in (b) and (c), (Alloy 
was solution heat treated for 30 min at 565~ water quenched 
at 20~ aged 24 h at 160~ and different samples were re -  
heated at 275~ for 5, 10, and 15 rain respectively.) 
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w i t h  v a r i a t i o n  in q u e n c h  r a t e  and  v a c a n c y  c o n c e n t r a t i o n .  
The  b e h a v i o r  of t h e  A1-MgaSi s y s t e m  is  in  s h a r p  c o n -  

t r a s t  to  t he  A 1 - Z n - M g  s y s t e m  w h i c h  s h o w s  a d i s c o n t i -  
n u i t y  in  t he  f o r m  of a r e c o g n i z a b l e  G . P .  z o n e  s o l v u s  
w h i c h  c a n  b e  d e t e r m i n e d  b y  r e v e r s i o n  e x p e r i m e n t s .  6 
H o m o g e n e o u s  p r e c i p i t a t i o n  c h a n g e s  to  h e t e r o g e n e o u s  
p r e c i p i t a t i o n  o v e r  a n a r r o w  t e m p e r a t u r e  r a n g e  in s o m e  
A I - Z n - M g  a l l o y s  a n d  c a n  b e  o b s e r v e d  b y  e l e c t r o n  m i -  
c r o s c o p y .  2~ 

The  r e s u l t s  of t h i s  i n v e s t i g a t i o n  i n d i c a t e  t h a t  b o t h  t he  
G . P .  z o n e s  a n d  t he  i n t e r m e d i a t e  p a r t i a l l y  c o h e r e n t  p r e -  
c i p i t a t e  n e e d l e s  s t r e n g t h e n  A1-MgaSi a l l o y s .  E v e n  a f t e r  
a r e l a t i v e l y  h i g h  t e m p e r a t u r e  r e v e r s i o n  t r e a t m e n t  of 
15 m i n  a t  300~ t h e  u l t i m a t e  t e n s i l e  s t r e n g t h  of t he  a l -  
loy  i s  s t i l l  o n l y  r e d u c e d  to 24.2 k s i .  Wi th  t h i s  t r e a t m e n t  
t h e  e l e c t r o n  m i c r o g r a p h s  i n d i c a t e  t h a t  the  G .P .  z o n e s  
h a d  d i s s o l v e d .  By c o m p a r i s o n ,  t he  s t r e n g t h  of t h i s  a l -  
l oy  in the  a s - q u e n c h e d  c o n d i t i o n  w a s  17.2 k s i .  It d o e s  
not  a p p e a r  t h a t  t he  c o n c l u s i o n  r e a c h e d  b y  L u t t s  16 t h a t  
t he  G . P .  z o n e s  a r e  t he  o n l y  h a r d e n i n g  a g e n t  in  A1-MgaSi 
a l l o y s  i s  c o r r e c t .  

One r e a s o n  f o r  t he  h i g h  d e g r e e  of s t a b i l i t y  of t he  G .P .  
z o n e s  in  A1-Mg2Si a l l o y s  a s  c o m p a r e d  to t h o s e  in  A1- 
Z n - M g  a l l o y s  m i g h t  b e  a t t r i b u t e d  to t h e  r e l a t i v e l y  h i g h  
h e a t  of f o r m a t i o n  and  m e l t i n g  p o i n t  of t h e  e q u i l i b r i u m  
p h a s e ,  Mg2Si. T h i s  p h a s e  h a s  a n  e n t h a l p y  of f o r m a t i o n  
of - 6.4 k c a l  p e r  g - a t o m  ~s a n d  a m e l t i n g  p o i n t  of 1085~ 
On t h e  o t h e r  h a n d ,  t he  e q u i l i b r i u m  p h a s e  in  t he  A 1 - Z n -  
Mg a l l o y  s y s t e m ,  MgZna ,  h a s  a m u c h  l o w e r  e n t h a l p y  of 
f o r m a t i o n  of - 2 .6  k c a l  p e r  g - a t o m  26 and  a l o w e r  m e l t -  
ing  p o i n t  of 590~ 2v L a r g e r  e x o t h e r m i c  h e a t s  of f o r m a -  
t i on  a r e  g e n e r a l l y  a s s o c i a t e d  wi th  h i g h e r  d e g r e e s  of 
i o n i c i t y  28 a n d  s t a b l e r  b o n d s .  H e n c e  d i f f u s i o n  would  b e  
m o r e  d i f f i c u l t  in  t he  A1-MgaSi a l l o y s .  A c c o r d i n g  to r e -  
c e n t  w o r k  b y  K o v a c s  e t  a l . ,  ~ d i f f u s i o n  in the  A1-MgaSi 
s y s t e m  i s  s l ow  b e c a u s e  t h e r e  a r e  s t r o n g  b i n d i n g  f o r c e s  
b e t w e e n  m a g n e s i u m  a n d  s i l i c o n  a t o m s .  T h e s e  f a c t o r s  
wou ld  a l s o  f a v o r  a h i g h  a c t i v a t i o n  e n e r g y  f o r  t he  d i s s o -  
l u t i o n  of t h e  G . P .  z o n e s  in  a g e d  A1-Mg2Si a l l o y s  a n d  
h e n c e  wou ld  l e a d  to t he  r e v e r s i o n  p r o p e r t i e s  s h o w n  b y  
t h e m .  

C ONC L US IONS 

1) R e v e r s i o n  t r e a t m e n t s  w h e n  a p p l i e d  to a f u l l y  a g e d  
A I - 1 . 3 5  p c t  Mg2Si a l l o y  i n d i c a t e  t h a t  t r u e  r e v e r s i o n  of 
t h e  G . P .  z o n e s  f o r m e d  b y  t h e  o r i g i n a l  a g i n g  t r e a t m e n t  
d id  n o t  o c c u r .  I n s t e a d  t h e y  w e r e  g r a d u a l l y  r e p l a c e d  b y  

fi ' ,  t h e  p a r t i a l l y  c o h e r e n t  f o r m  of t he  e q u i l i b r i u m  p h a s e ,  
MgaSi. 

2) A f t e r  a r e v e r s i o n  t r e a t m e n t  of 15 m i n  a t  250~ 
(90~ a b o v e  t he  o r i g i n a l  age  h a r d e n i n g  t e m p e r a t u r e ) ,  
t he  t e n s i l e  s t r e n g t h  of t he  a l l o y  w a s  i n c r e a s e d  s l i g h t l y  

i n s t e a d  of b e i n g  d e c r e a s e d ,  bu t  i t s  d u c t i l i t y  w a s  l o w -  
e r e d .  T h i s  e f f e c t  c o u l d  b e  e x p l a i n e d  b y  the  s i m u l t a n e -  
ous  f o r m a t i o n  of t3' w h i l e  the  G . P .  z o n e s  w e r e  c o a r s e n -  
ing .  The  d e c r e a s e  in d u c t i l i t y  wou ld  b e  due  to t h e  d e -  
v e l o p m e n t  of a c o a r s e r  p r e c i p i t a t e  s t r u c t u r e .  

3) H i g h e r  t e m p e r a t u r e  r e v e r s i o n  t r e a t m e n t s  (275 to  
300~ r e s u l t e d  in a g r a d u a l  d e c r e a s e  in  s t r e n g t h  and  
d u c t i l i t y  of t he  a l l o y  w h i c h  would  b e  c a u s e d  b y  t h e  g r a d -  
ua l  d i s s o l u t i o n  of t he  G . P .  z o n e s  a n d  c o a r s e n i n g  of t h e  
13'. H o w e v e r ,  t he  s t r e n g t h  of t he  a l l o y  d id  no t  r e t u r n  to 
t he  a s - q u e n c h e d  v a l u e  e v e n  a f t e r  15 m i n  a t  300~ w h i c h  
wou ld  i n d i c a t e  t h a t  t he  c o a r s e  n e e d l e s  of t h e / 3 '  p r e c i p i -  
t a t e  h a v e  s o m e  s t r e n g t h e n i n g  e f f e c t .  
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