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Di f fe ren t i a l  scann ing  c a l o r i m e t r y  (DSC) in conjunct ion with t r a n s m i s s i o n  e l e c t r o n  m i c r o s -  
copy (TEM) a r e  used to c h a r a c t e r i z e  the m a t r i x  p r e c i p i t a t e  s t r u c t u r e  of high s t r eng th  and 
o v e r a g e d  t e m p e r s  of t h r e e  7000 s e r i e s  a luminum a l loys .  Exce l l en t  c o n s i s t e n c y  e x i s t s  b e -  
tween the DSC r e s u l t s ,  b a s e d  on the d i s so lu t ion  behav io r  of ex i s t ing  p r e c i p i t a t e s ,  and TEM 
o b s e r v a t i o n s .  C o m p a r i s o n  is  made  be tween  m a t r i x  p r e c i p i t a t e  cons t i tuency  and mechan ica l  
p r o p e r t i e s .  A s ign i f i can t ly  high GP zone p a r t i c l e  de ns i t y  was o b s e r v e d  in a high s t r eng th  
7050 a l loy  t e m p e r ,  but  th i s  t e m p e r  did not have h igher  s t r eng th  than o ther  p r e d o m i n a n t l y  
GP zone m a t r i x  t e m p e r s .  Maximum s t r eng th  was o b s e r v e d  in a 7050 a l loy  t e m p e r  that  
conta ined  a p p r o x i m a t e l y  equal  amounts  of GP zones  and 77' phase  p r e c i p i t a t e s .  S t reng th-  
ening a p p e a r s  to be  b a s e d  on the con t r ibu t ion  of both coheren t  GP zones  and s e m i c o h e r e n t  
7 '  p r e c i p i t a t e s .  Use of the DSC a p p r o a c h  and the f r ee  ene rgy  of ac t iva t ion  for p r e c i p i t a t e  
d i s so lu t i on  a r e  r e c o m m e n d e d  as  r a p i d  and quant i t a t ive  means  of p r e c i p i t a t e  ident i f ica t ion .  

A S  ind ica t ed  b y  the p r e v i o u s  p a p e r  in th is  s e r i e s ,  ~ 
d i f f e r en t i a l  scanning  c a l o r i m e t r y  (DSC) p r o v i d e s  a 
r a p i d  and quant i t a t ive  m e a n s  of m a t r i x  p r e c i p i t a t e  
c h a r a c t e r i z a t i o n  for  7075 a luminum a l loy .  The t h e r -  
modynamic  and k ine t i c  p a r a m e t e r s  a s s o c i a t e d  with 
d i s so lu t ion  of ex i s t i ng  p r e c i p i t a t e  phase s  a r e  s ens i t i ve  
m e a n s  b y  which the m a t r i x  m i c r o s t r u c t u r e  can be  i den -  
t i f ied .  Other  7000 s e r i e s  a l l oys  of the  A1-Zn-Mg and 
AI- Zn-Mg-Cu  types  a r e  s i m i l a r l y  s t r eng thened  by  
m a t r i x  p r e c i p i t a t e  s t r u c t u r e s  cons i s t i ng  of some  c o m -  
b ina t ion  of GP zones ,  ~7' and ~7 phase s .  2'3 T h e r e f o r e ,  
the DSC app roach  should be app l i cab l e  to c h a r a c t e r i -  
za t ion  of the p r e c i p i t a t e  s t r u c t u r e  in t h e s e  o ther  a l l oys .  
In the  p r e s e n t  work ,  c o m p a r i s o n  i s  made  be tween  the  
m a t r i x  m i c r o s t r u c t u r e  in the  high s t r eng th  and o v e r -  
aged  t e m p e r s  of t h r e e  7000 s e r i e s  a luminum a l loys ,  
7075, 7050, and RX720 (the RX720 a l loy  has  a l so  been  
r e f e r r e d  to a s  BAR). M a t r i x  m i c r o s t r u c t u r e s  a r e  
c h a r a c t e r i z e d  using both DSC and t r a n s m i s s i o n  e l e c t r o n  
m i c r o s c o p y  (TEM), with TEM s e r v i n g  to v e r i f y  the DSC 
a n a l y s i s .  Mechan ica l  p r o p e r t i e s  we re  a l so  m e a s u r e d  to 
a s s i s t  in the c o m p a r i s o n  of these  a l l oys .  

The r e c e n t  deve lopmen t  of 7050 and RX720 a luminum 
a l l oys  was  b a s e d  on s tud ie s  of the r o l e  of minor  a d d i -  
t ion e l e m e n t s  on quench sens i t i v i ty .  4-~ By r educ ing  
quench s ens i t i v i t y ,  t h i cke r  s e c t i o n s  of uni form s t r eng th  
can be  f a b r i c a t e d .  It was found that  by subs t i tu t ion  of 
Zr for  Cr ,  quench s e n s i t i v i t y  could be subs t an t i a l l y  r e -  
duced while  the  d e s i r e d  r e c r y s t a l l i z a t i o n  s u p p r e s s i n g  
ef fec t  of Cr was  ma in ta ined .  Both 7050 and RX720 con-  
t a in  Zr  in p l a c e  of the  Cr found in 7075 a l loy.  In a d d i -  
t ion,  7050 and RX720 conta in  a lower  Fe and Si content  
than 7075; RX720 con ta ins  a h ighe r  Zn and lower  Cu 
content  than the  7050 a l loy .  The inf luence  of t h e s e  c o m -  
pos i t iona l  d i f f e r e n c e s  on both m a t r i x  p r e c i p i t a t e  s t r u c -  
t u r e  and s t r eng th  i s  c o n s i d e r e d .  
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EXPERIMENT 

Samples  of 7050 a l loy  we re  taken  f rom a 15.2 cm 
(6 in.) th ick  hand fo rg ing ;  RX720 s a m p l e s  we re  ob -  
t a ined  f r o m  7.6 cm (3 in.) th ick  r o l l e d  p la te  s tock ;  
7075 s a m p l e s  w e r e  obta ined  f rom 7.6 cm (3 in.) th ick  
r o l l e d  b a r  s tock.  The compos i t i on  of t he se  m a t e r i a l s ,  
d e t e r m i n e d  by  us ing X - r a y  f l u o r e s c e n c e  and e m i s s i o n  
s p e c t r o s c o p y ,  is  l i s t e d  in Table  I. 

The 7075 a l loy  was r e c e i v e d  in i t s  high s t reng th ,  
s t r e s s  r e l i e v e d ,  T651 t e m p e r .  Spec imens  we re  o v e r -  
aged to the  T7351 t e m p e r  by  hea t  t r e a t i n g  at  175~ for  
9 h. The RX720 a l loy  was r e c e i v e d  in i ts  high s t reng th ,  
T6 t e m p e r .  Samples  we re  hea t  t r e a t e d  for  21 h at  
163~ to p roduc e  the o v e r a g e d  T7 t e m p e r ,  x2 The 7050 
a l loy  was r e c e i v e d  in an o v e r a g e d  T7352 t e m p e r .  To 
a t t a in  the high s t r eng th  T6 t e m p e r ,  so lu t ion  hea t  t r e a t -  
ment  a t  480~ for  2 h fol lowed by  duplex aging at  120~ 
for  4 h and then 168~ for 4 h was used.  13 The s p e c i -  
mens  given th is  t r e a t m e n t  we re  wa te r  quenched fo l low-  
ing so lu t ion  hea t  t r e a t m e n t .  Another  g roup  of 7050 a l -  
loy  s p e c i m e n s  we re  aged for  24 h at 120~ fol lowing 
the wa te r  quench to a p p r o x i m a t e  the m a t r i x  m i c r o -  
s t r u c t u r e  of RX720-T6 and 7075-T651 a l l oys .  We 
des igna t e  th is  t e m p e r  a s  T6X. 

C a l o r i m e t r i c  m e a s u r e m e n t s  we re  made  using a Du- 
Pont  900 T h e r m a l  A n a l y z e r  conta in ing a DSC p lug - in  
module .  This  technique has  been  d e s c r i b e d  14 and was  
p r e v i o u s l y  app l ied  to a n a l y s i s  of 7075 a luminum alloy.15 
Sample  d i s c s  of 0.56 cm (7/32 in.) d i a m  x 0.127 cm 
(0.050 in.) t h i c k n e s s  w e r e  p r e p a r e d  f r o m  each of the  
seven  t e m p e r s  under inves t iga t ion .  A min imum of f ive 
s a m p l e s  were  t e s t e d  for  each t e m p e r .  Condi t ions  of 
t e s t ing  we re  iden t i ca l  to those  r e p o r t e d  e a r l i e r .  1 Sam-  
p le  p r e p a r a t i o n  for  t r a n s m i s s i o n  m i c r o s c o p y  has  a l so  
been  d e s c r i b e d ,  x 

The s t r e s s - s t r a i n  behav io r  of each  t e m p e r  was m e a -  
s u r e d  and used to d e t e r m i n e  the 0.2 pct  y ie ld  s t r eng th ,  
u l t i m a t e  s t r eng th ,  and e longat ion .  A min imum of four  
s p e c i m e n s  f r o m  each  t e m p e r  was  t e s t e d  at  a c r o s s -  
heat  speed  of 5.1 • 10 -2 c m / m i n  (2.0 • 10 -z ipm).  The 
un iax ia l  load ing  d i r ec t i on  of the s p e c i m e n  was p a r a l l e l  
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to the  s h o r t  t r a n s v e r s e  d i r e c t i o n  of the  b a r  o r  f o rg ing .  
V i c k e r s  d i a m o n d  p y r a m i d  h a r d n e s s  (DPH,  at  a 5 kg 
load)  was  a l s o  used  to e v a l u a t e  t h e s e  t e m p e r s .  I m -  
p r e s s i o n s  w e r e  m a d e  on s u r f a c e s  tha t  w e r e  p o l i s h e d  
wi th  1 # m  a l u m i n a .  

R E S U L T S  

R e p r e s e n t a t i v e  m a t r i x  m i c r o s t r u c t u r e s  of  e a c h  of  
the  s e v e n  t e m p e r s  e x a m i n e d  a r e  i l l u s t r a t e d  in the  
e l e c t r o n  m i c r o g r a p h s  of  F i g s .  1 - 3 .  The high s t r e n g t h  
and o v e r a g e d  t e m p e r s  of  7075 and RX720 a r e  shown in 
F i g s .  1 and 2, r e s p e c t i v e l y ;  t h e  m i c r o s t r u c t u r e s  of  the  
i s o t h e r m a l l y  aged  t e m p e r ,  T6X, t he  h i g h e s t  s t r e n g t h  
t e m p e r ,  T6,  and the  o v e r a g e d  t e m p e r  of  t he  7050 a l l o y  
a r e  shown in Fig .  3. A s u m m a r y  of t he  T E M  o b s e r v a -  
t i o n s  i s  g iven  in T a b l e  II. I d e n t i f i c a t i o n  of the  p r e c i p i -  
t a t e  p h a s e  i s  b a s e d  on s i z e  c o n s i d e r a t i o n  and n u m e r o u s  

observations of precipitate morphology in isothermally 
aged samples of 7075 aluminum alloy. ~ The indicated 
percentages are based on particle count measurements 
that were made at different areas in each temper. The 
T6X temper of 7050 consists almost exclusively of 
spherical GP zones while the higher strength tempers 
of 7075 and RX720 also contain a small amount of the 
semicoherent 7?' phase. On the other hand, the highest 
strength temper of 7050 has a matrix consisting of ap- 
proximately equal amounts of GP zones and 77'. The 
matrix precipitate in the overaged temper of the three 
alloys consists exclusively of 77' and 77, but differences 
in the size and amount of matrix precipitates between 
alloys are evident. 

The matrices of high strength and overaged tempers 
of 7075 contain many large particles in the 0.I to 0.2 
/am size range, as can be seen in Fig. i. Particles of 
this type have been described as Cr-rich Al~zMg2Cr 

Table I. Chemical Composition, Wt Pct 

Alloy Zn Mg Cu Zr Cr S, Fe Ti Mn AI 

7075 6 1 2.4 1.6 N,D. 0 20 0 11 0.20 0 036 0 04 REM 
RX720 7 2 2.4 1.4 0.094 N D 0.07 0.08 0,025 N D REM 
7050 6.2 2.2 2.3 0 086 N D 0.07 0.06 0.029 0 03 REM 

"-..~J.. *dw " ?~ : '~?: 

, . ,~L~ #',-xr ~ "F.~ 

" %  o. o i" .' 

(a} (a) 

: ~ "  N " .x.~X ~ 4 "  , 

~ ~ ' k  " 3 ~ :  = ~ ,. . ~ . -  ",,.', : , , ,  .: : a  ~ . ' :~r_ , , rrz ,  . ~ . ~ . ~ " . ' : - - ~ ,  0 . 3 0  

(b) (b) 

Fig. i--Transmission electron mierographs of 7075 aluminum Fig. 2--Transmission electron micrographs of RX720 alumi- 
alloy in the (a) high strength temper, T651; and (b) overaged hum alloy in the (a) high strength temper, T6; and (b) over- 
temper, T7351. aged temper, T7. 
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*Pable II. Matrix Precipitate Observed Using Transmission Electron Microscopy 

Materml GP Zones ~7' + Large Partzcles, ,um 

7075-T65 l "95 pet +5 pet - (0 I to 0.2) 
Spherical (100 to 150A) 

RX720-T6 "-95 pet ~5 pct - - 
Spherical ( 100 to 150A) 

7050-T6X Spherical - - _ 
7050-T6 ~SO pet ~50 pet - - 

Spherical (100 to 150A) 
7075-T7351 - ~65 pet ~35 pct (0 1 to 0 2) 

(100 to 150A) (600A) 
RX720+T7 - ~50 pet ~50 pet - 

(100 to 150A) (800A) ,,, 
7050-T7352 - ~90 pet ~I0 pet +- 

(100 to 150A) (400A) 

phase  and Mn- r i ch  MgZnz phase ;  t hese  phases  do not 
d i s so lve  dur ing solut ion heat  treatment.~7'~* These  
p a r t i c l e s  a r e  only s l ight ly  evident  in RX720 and a lmos t  
absent  in 7050 (see Figs .  2 and 3). Substitution of Zr 
for  Cr and reduc t ion  of the Fe and Si content  in RX720 
and 7050 a l loys  appear  to have r educed  the c o n c e n t r a -  
t ion of these  p a r t i c l e s .  Since p r ev ious  w o r k e r s  have 
shown that  such p a r t i c l e s  a d v e r s e l y  affect  the 
mechan ica l  p r o p e r t i e s  of 7075, ~'~~ the i r  absence  in 
RX720 and 7050 is  expec ted  to be benef ic ia l .  

The DSC technique  was used to c h a r a c t e r i z e  the sol id  
s ta te  r e a c t i o n s  accompanying  the d i sso lu t ion  and f o r -  
mat ion  of p r e c i p i t a t e s  for  the seven  t e m p e r s  that  w e r e  
examined .  Typica l  r e s u l t s  a r e  shown by the d i f f e ren t i a l  
heat  capaci ty ,  ACp, vs t e m p e r a t u r e  c u r v e s  in Figs .  4 
and 5 for high s t r eng th  and ove raged  t e m p e r s ,  r e s p e c -  
t ively .  In these  i l l u s t r a t ions ,  dev ia t ions  f rom the h o r i -  
zontal  a r e  ind ica t ive  of sol id  s ta te  r e a c t i o n s  a c c o m p a -  
nying heating.  The b a s i s  for  comput ing these  cu rves ,  
as  wel l  as  the i r  in t e rp re ta t ion ,  is d e s c r i b e d  in the 
p rev ious  paper  of this  s e r i e s ,  x In the p r e sen t  work, 
we wil l  focus on the f i r s t  endo the rmic  r eac t ion ,  Region 
1, s ince  it  d e s c r i b e s  the ex i s t ing  m a t r i x  p rec ip i t a t e ,  
i.e., GP zones  and 77 ~ phase.  The h igher  t e m p e r a t u r e  
endotherm,  Region 3, i s  a s soc i a t ed  with the d isso lu t ion  
of ~ phase  p rec ip i t a t e s �9  As can be seen  in Figs.  4 and 
5, the c h a r a c t e r i s t i c s  of Region 1 d i f fer  for  d i f fe ren t  
a l loys  of s i m i l a r  t e m p e r .  F u r t h e r m o r e ,  the c h a r a c -  
t e r i s t i c s  in Region 1 for  the higher  s t rength  t e m p e r s ,  
Fig. 4, d i f fer  f r o m  those  of the o v e r a g e d  t e m p e r s ,  
Fig.  5. The h igher  s t r eng th  t e m p e r s  a lso  undergo an 
e x o t h e r m i c  r eac t ion ,  Region 2, a t t r ibu tab le  to the f o r -  
mat ion and growth of ~1~ and 77 p r e c i p i t a t e s .  ~ T h e r m o -  
dynamic  and k ine t ic  p a r a m e t e r s  ca lcu la ted  f r o m  the 
behav io r  in Region 1 enable  quant i ta t ive  c o m p a r i s o n  
be tween  t e m p e r s .  Values  for  these  p a r a m e t e r s  a r e  
l i s t ed  in Table  IIL 

The m a x i m u m  r a t e  of d i sso lu t ion  o c c u r s  at the peak 
d i sso lu t ion  t e m p e r a t u r e ,  Tp. For  Region 1, Tp is  in-  
d i ca t ive  of the r e l a t i v e  s tab i l i ty  of ex i s t ing  p r e c i p i -  
t a tes .  As would be expected ,  the o v e r a g e d  t e m p e r  of 
each  of the a l loys  has a h igher  peak t e m p e r a t u r e  than 
the h igher  s t reng th  t e m p e r .  For  7050 al loy,  the va lue  
of Tp for  the h ighes t  s t r eng th  T6 t e m p e r  is  i n t e r m e d i -  
a te  be tween  that  of the p redominan t  GP zone T6X t e m -  
per  and the ove raged  T7352 t e m p e r .  T h e r e f o r e ,  7050- 
T6 contains  a m a t r i x  p rec ip i t a t e  s t r u c t u r e  that  is in-  
t e r m e d i a t e  in s tabi l i ty ,  as  would be expected  for  this  
duplex aged t e m p e r .  

The a r e a  under Region 1 of the ACp vS t e m p e r a t u r e  
cu rve  is a m e a s u r e  of the heat  of r eac t i on  a s soc i a t ed  
with p rec ip i t a t e  d issolu t ion .  This  heat,  AHR, is  p r o -  
por t iona l  to the vo lume f rac t ion  of p r e c i p i t a t e  and i ts  
m o l a r  heat  of d i sso lu t ion .  Over  the h igher  t e m p e r a -  
tu re  por t ion  of Region 1, t he r e  i s  a lso a s m a l l  e x o -  
t h e r m i c  contr ibut ion f r o m  the r e a c t i o n s  a s soc ia t ed  
with the fo rmat ion  and growth of ~?' and ~? p r e c i p i t a t e s .  
The value  of AHR for  7050-T6X is approx imate ly  20 
pc t  h igher  than for  o ther  t e m p e r s  containing Gp zones .  
This  is cons i s t en t  with the TEM obse rva t ions  (F igs .  
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" - z +  +++:.N,:'+.: + , ) : � 9  o 
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Fig. 3--Transmission electron mtcrographs of 7050 aluminum 
alloy in the (a) high strength temper, T6X; (b) high strength- 
duplex aged temper, T6; and (c) overaged temper, T7352. 
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Fig. 4--Differential scanning calorimeter (DSC) results for 
high strength tempers. 
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F~g. 5--Differentml scanning calorimeter (DSC) results for 
overaged tempers. 

Table Ill. Dissolution Characteristics* of GP Zones and f/' Phase 

Peak 
Temperature, 

~ Heat of Reactmn, z2d/R Activatmn Energy, E a 

Material (Tp) J/kg cal/g k J/mole kcal/mole 

Actwanon Entropy, 2d'$ 
ActivatJon Free Energy, 

z~G,t 

J/mole-~ eu k J/mole kcal/mole 

RX720-T6 184-+3 7490• 1.79-+0.40 111.0-+08 26.6-+02 
7075.T651 190• 7370-+920 t.76-+0.22 108.0-+ 6.7 257-+16 
7050-T6X 194-+1 9000-+170 2.15-+004 113.0-+2.5 27 0-+ 0~6 
7050.T6 202-+I 7 1 2 0 •  1.70-+007 109.0• 26.1 • 1,0 
7050-T7352 213+-1  9800_+80 234-+002 628-+08 150-+0,2 
RX720-T7 214-+1 8120-+540 1 94-+ 0.13 858-+4 .2  205-+I0 
7075-T7351 2 1 8 - + 2  6240-+630 1.49-+0.15 862-+7.t 206-+ t.7 

-61 1 + 0 . 8  -146-+0.2 136-+1 324-+0-2 
728• 15,9 -17.4-+3.8 137-+10 32.8-+2.3 

-615-+59 -147-+14 138-+4 32.9-+0.9 
-76 6 • 8.4 -I8.3 -+ 2 0 142 -+ 6 33.8 -+ 1.4 

-183.0• 1 3 -43,6• 147-+ I 352-+03 
-136.0 • 8 4 -32.4 • 2 0 148-+ 6 35 3 -+ 1 4 
-136,0 -+ 10.0 -32.6• 149-+9 35.6-+2.1 

*One standard deviation indicated 

1--3) s ince  7050-T6X conta ins  the h ighes t  GP zone 
dens i ty  of al l  the t e m p e r s  examined .  F o r  the 
ove raged  t e m p e r s ,  the va lues  of LxH R a r e  not in 
ag r eemen t .  This  is  caused by d i f f e r ences  in '0' 
p r e c i p i t a t e  densi ty  and the r e l a t i v e  contr ibut ion  
of Reg ion  3 ove r l ap .  In any case ,  the l a r g e  value  
of Z~H R for  7050-T7352, h ighes t  of any t e m p e r  e x a m -  
ined, appea r s  to be the r e s u l t  of the high p r ec ip i t a t e  
dens i ty  of 77' in this  t e m p e r  (see Fig. 3(c)). 

The ac t iva t ion  energy ,  E a ,  and ac t iva t ion  entropy,  
ASS, w e r e  a l so  d e t e r m i n e d  f r o m  the data in Region 1. 
For  the t e m p e r s  that contain GP zones ,  va lues  for both 
E a and ASS a r e  comparab le ,  r ang ing  f r o m  25.7 to 27.0 
k c a l / m o l e  for  E a and - 14.6 to - 18.3 eu for AS$. Val-  
ues of E a as  wel l  as  ~xS~ for  o v e r a g e d  ILX720 and 7075 
t e m p e r s  a r e  a lmos t  equiva len t  and a re  quite  d i f fe ren t  
f r o m  the va lues  for t e m p e r s  containing GP zones .  On 
the o ther  hand, the o v e r a g e d  7050-T7352 has  the lowest  
va lue  of E a and mos t  nega t ive  ~S~ of any t e m p e r  ex -  
amined.  

The r e l a t i v e  s tab i l i ty  of the p r ec ip i t a t e  in these  t e m -  
p e r s  should be r e l a t e d  to the k ine t ic  b a r r i e r  for  d i s s o -  
lut ion,  i . e . ,  the f r e e  ene rgy  of ac t iva t ion ,  z~G$. Values  
of AG S can be ca lcu la ted  f r o m  E a and ASS by the fo l -  
lowing: 20 

AG $ = A H $ -  TAS$ 

s ince  

E a : A H # + R T  

AG$ : E a - T ( R  + A S  S ) 

As shown in Table  III, va lues  of AGt a r e  in to ta l  a g r e e -  
ment  with r e l a t i v e  s tab i l i ty  based  on Tp .  T he r e f o r e ,  
the e x t r e m a  in E a and L~S$ for  7050-T7352, a t e m p e r  
that  contains  p r e c i p i t a t e s  of i n t e rm ed ia t e  s t ab i l i ty  by 
both Tp and AG$ cons ide ra t ions ,  sugges t  unusual c h a r -  
a c t e r i s t i c s  for  ~?' in this  m a t e r i a l .  

Mechanica l  p r o p e r t y  r e s u l t s  a r e  s u m m a r i z e d  in 
Table IV. Tens i l e  s p e c i m e n s  w e r e  s t r e s s e d  in the 
shor t  t r a n s v e r s e  d i rec t ion ,  and the r e s u l t s  r e f l e c t  the 
lower  va lues  n o r m a l l y  a s soc i a t ed  with s t reng th  in th is  
d i rec t ion .  Di rec t  c o m p a r i s o n  of the m echan i ca l  p rop-  
e r t i e s  of these  a l loys  should not be made because  of 
the i r  d i f fe ren t  wrought  f o r m s .  The 7050-T7352 was 
f ab r i ca t ed  as  a 15.2 cm (6 in.) thick hand forging,  
w h e r e a s  the o ther  two a l loys ,  RX?20-T6  and 7075-T651, 
w e r e  7.6 cm (3 in.) thick plate and bar  stock, r e s p e c -  
t ively .  For  7050 a luminum al loy,  7.6 cm (3 in.) plate  
has been r e p o r t e d  to have an app rox ima te  3 Ksi  h igher  
longitudinal  t r a n s v e r s e  yield s t reng th  than 15.2 cm 
(6 in.) plate .  13 T he re fo r e ,  the s t r eng ths  indicated in 
Table  IV for 7050-T7352 would be expected  to be h igher  
for  7.6 em (3 in.) thick s tock.  Bear ing  this  th ickness  
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Table IV. Mechanical Properties of Aluminum Alloys* 

0,2 Pet Yield Strength Ulnmate Strength 

Alloy MPa Ksl MPa Ksl 
D.P Hardness 

Elongat,on. Pet (5 kg Load) 

7075-T651 458- + 8 664- +t.2 529- +11 767-+1.6 3 I-+I 2 180-+3 
RX720-T6 473 • 19 68 6 -+ 2.7 528 -+ 20 76 6 -+ 2 9 1 6 -+ 0 4 200 -+ 5 
7050-T6X 456 -+ 23 66 1 -+ 3.3 528 -+ 25 76.6 + 3 6 6 7 + 3 t 182 -+ 2 
7050-7"6 506 -+ 15 73.4 -+ 2.1 542 • t6 78.6 -+ 2 3 4.7 -+ 2 6 198 _-2 5 
7075-T7351 386 -+ t7 56 0 -+ 2.4 455 • 18 66.0 • 2.6 3 7 -+ 1 4 162 -+ 4 
RX720-T7 400 -+ 8 58.0 -+ 1 2 456 • 15 66.2 • 2.1 3.4 -+ 0.4 171 • 3 
7050-T7352 428 • 12 62 0 • 1.7 486 -+ 11 70 5 • t 6 3.1 +- 0 9 177 -+ 6 

*Tensde properties measured tn the short transverse dlrectmn 

fac tor  in mind,  it is apparen t  that  the ove raged  7050- 
T7352 t e m p e r  has s ign i f ican t ly  h igher  s t rength  than 
o v e r a g e d  RX720 or  7075 and is a l m o s t  compa rab l e  to 
high s t r eng th  7075-T651 and RX720-T6.  Another ob-  
s e rva t ion  that  can be made f r o m  the r e su l t s  shown in 
Table IV is that  7050-T6, which conta ins  approx ima te ly  
equal  amounts  of GP zones  and 71' phase ,  has h igher  
yield and u l t imate  s t r eng ths  than the t e m p e r s  that con-  
tain a p redominan t  GP zone m a t r i x  m i c r o s t r u c t u r e ,  
i . e . ,  7075-T651, RX720-T6, and 7050-T6X. 

DISCUSSION 

In the present work, there is excellent agreement 
between the DSC results and TEM observations. High 
strength tempers that were observed to contain GP 
zones  in TEM, i . e . ,  7075-T651,  RX720-T6,  7050-T6X, 
and 7050-T6,  exhibi t  c o m p a r a b l e  d i sso lu t ion  behav ior .  
They have  peak d i sso lu t ion  t e m p e r a t u r e s ,  Tp, that  a r e  
lower  than those  of o v e r a g e d  t e m p e r s ;  they have s i m i -  
l a r  va lues  of d i sso lu t ion  k ine t i cs  for  E a and ASS that  
a r e  d i f fe ren t  than those of ove raged  t e m p e r s ;  and they 
undergo an e x o t h e r m i c  reac t ion ,  Region 2, that is ab-  
sent  in o v e r a g e d  t e m p e r s .  The high s t r eng th  t e m p e r s  
a l so  have comparab l e  va lues  of AHR, with the excep -  
t ion of 7050-T6X. The high value  of Z~tI R for 7050-T6X 
is  in a c c o r d  with i ts  high GP zone p a r t i c l e  dens i ty  ob-  
s e r v e d  by TEM. For  the ove raged  t e m p e r s  that w e r e  
obse rved  to contain 71' + 7/ in the i r  ma t r ix ,  t he re  is a 
d i spa r i t y  in the AH R r e s u l t s .  For  7050-T7352, the 
m a x i m u m  va lue  for  ~/ /R can be explained by the high 
p a r t i c l e  dens i ty  of 77' o b s e r v e d  in this  t empe r .  

While t he r e  is  gene ra l  a g r e e m e n t  be tween  DSC and 
TEM r e s u l t s ,  the sens i t iv i ty  of DSC r e v e a l s  d i f f e r -  
ences  that  ex i s t  be tween  t e m p e r s  of s i m i l a r  m i c r o -  
s t r u c t u r a l  cons t i tuency.  For  example ,  two of the o v e r -  
aged t e m p e r s ,  7075-T7351 and RX720-T7,  have a lmos t  
iden t ica l  va lues  of E a  and ~,S~t for the i r  d i sso lu t ion  
k ine t i cs  whe rea s  va lues  of E a  and ASS for  7050-T7352 
a r e  qui te  d i f fe ren t  f r o m  those  of any t e m p e r  examined .  
The m i n i m u m  and m a x i m u m  va lues  of E a and ASS,  r e -  
spec t ive ly ,  for  7050-T7352 appear  r e l i ab le  s ince  they 
l ead  to a LxG$ value of 35.2 k c a l / m o l e ,  which is  in ac -  
c o r d  with the r e l a t i v e  s tab i l i ty  of the p r e c i p i t a t e  in th is  
t e m p e r .  The s igni f icance  of the DSC behavior  in 
r e l a t ion  to mechan ica l  s t reng th  wil l  now be con- 
s i de r ed .  

In e a r l i e r  c a l o r i m e t r i c  study of t e m p e r s  of 7075 that 
contained a p redominan t  GP zone ma t r ix ,  it was con- 

cluded that the heat  of r e a c t i o n  for m a t r i x  p r e c i p i t a t e  
d issolut ion ,  z~XIIR, was a m e a s u r e  of GP zone p a r t i c l e  
number  densi ty .  1~ This was based  on ha rdness  r e s u l t s  
which had a l i nea r  i n c r e a s e  with i n c r e a s i n g  AH R, an 
a s s u m e d  GP zone s t rengthening  mechan i sm,  as wel l  
as  l imi t ed  TEM obse rva t ions .  In the p r e s e n t  work,  the 
DSC and mechan ica l  p r o p e r t y  r e s u l t s  for  7075-T651 
and RX720-T6 a r e  cons i s ten t  with th is  in t e rp re ta t ion .  
However ,  the 7050-T6X t e m p e r ,  which e s sen t i a l l y  con-  
ta ins  only GP zones  in i ts  m a t r i x ,  has a 35 pct  h igher  
va lue  of ~ / R  than the o ther  two t e m p e r s  but does not 
have higher  s t rength .  It is apparent  that e i ther  the en-  
hanced GP zone p a r t i c l e  dens i ty  of 7050-T6X is not a f -  
fec t ing  s t r eng th  or  the AH R va lue  for this  r eac t ion .  
while indicat ing an i n c r e a s e d  vo lume f rac t ion  of GP 
zones ,  is not a m e a s u r e  of GP zone p a r t i c l e  densi ty .  
As d i s c u s s e d  e a r l i e r ,  TEM obse rva t i ons  indicate  that  
7050-T6X does contain a higher  GP zone pa r t i c l e  den-  
s i ty  than the o ther  two high s t reng th  t e m p e r s ,  it is 
l ike ly  that  the h igher  Cu content  of the 7050 al loy (2.3 
pct  as compared  to 1.4 and 1.6 pct for RX720 and 7075, 
r e s p e c t i v e l y )  cont r ibu tes  to the h igher  GP zone den-  
s i ty  of 7075-T6X. Thompson found that  Cu ac t s  to nu-  
c l ea te  and s t ab i l i ze  the e a r l y  s tages  of GP zone f o r m a -  
tion in AI:5Zn:3Mg. z2 In view of the obse rved  high GP 
zone dens i ty  and the high va lue  of AH R for  7050-T6X, 
it can be concluded that the enhanced GP zone p a r t i c l e  
dens i ty  is not cont r ibut ing  to the s t reng then ing  r e l a -  
t ionship  o b s e r v e d  at lower  pa r t i c l e  dens i t i e s .  T h e r e -  
fo re ,  t h e r e  appea r s  to be a m a x i m u m  s t rengthening  
ef fec t  a t ta inable  in 7000 s e r i e s  a luminum a l loys  v ia  
a GP zone m e c h a n i s m ,  and the GP zone p a r t i c l e  den-  
s i ty  in 7050-T6X is in e x c e s s  of th is  m a x i m u m .  

Maximum s t r eng t  h in 7075 a luminum al loy has been  
r e p o r t e d  to co r r e spond  to a m i c r o s t r u c t u r e  that  con-  
ta ined a p redominan t  GP zone m a t r i x ,  ls'16 S imi la r  ob-  
s e r v a t i o n s  have been made  in o ther  A I - Z n - M g  type a l -  
loys ,  z~-25 and Staley has r e p o r t e d  that  the peak s t rength  
in 7050 is  deve loped  in a GP zone ma t r ix ,  m Based on 
these  r e p o r t s ,  s t rengthening  can be  cons ide red  to be 
dependent  on the p r e s e n c e  and pa r t i c l e  densi ty  of co-  
he ren t  GP zones .  On the o ther  hand, Thomas  and Nut- 
t ing r e p o r t e d  that m ax im um  h a r d n e s s  o c c u r r e d  for a 
m i c r o s t r u c t u r e  that  contained a m a x i m u m  number  of 
GP zones  and rT' p la tes .  27 In r e v i e w i n g  the Thomas and 
Nutting work,  Kel ly  and Nichotson o b s e r v e d  that  the 
m i c r o s t r u c t u r e  at peak ha rdnes s  contained a p repon-  
de r ance  of 7 ' .  3 E a r l i e r ,  Nicholson,  Thomas ,  and Nut- 
t ing had r e l a t e d  age hardening  in A1-Zn-Mg a l loys  to 
i d i s p e r s i o n  hardening  m e c h a n i s m  caused by 77' p a r -  
t i c l e s ,  z8 Others  have r e p o r t e d  that m a x i m u m  s t reng th  
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Fig .  6 - - M e c h a n i c a l  p r o p e r t i e s  as  a func t ion  of m a t r i x  p r e c l p -  
Ra te  s t ab i l i t y .  

o c c u r s  w h e n  G P  z o n e s  d i s a p p e a r  a n d  ~7 f i r s t  a p p e a r s ,  z 

F o r  t h e  p r e s e n t  w o r k ,  t h e  t e m p e r  o f  h i g h e s t  s t r e n g t h ,  

7 0 5 0 - T 6 ,  c o n t a i n s  a n  a p p r o x i m a t e l y  e q u i v a l e n t  c o n c e n -  
t r a t i o n  o f  G P  z o n e s  a n d  ~7' p h a s e .  In a d d i t i o n ,  t h e  c o m -  
b i n a t i o n  d o e s  n o t  a p p e a r  t o  b e  o n e  o f  m a x i m u m  p a r t i c l e  
d e n s i t y .  T h e  DSC r e s u l t s  c o n f i r m  t h a t  t h e  p r e c i p i t a t e  
p h a s e s  in  t h i s  t e m p e r  a r e  i n t e r m e d i a t e  in  s t a b i l i t y  b e -  
t w e e n  t h o s e  o f  p r e d o m i n a n t l y  G P  z o n e s  a n d  7/' p h a s e .  
T h i s  i s  i l l u s t r a t e d  i n  F i g .  6 w h e r e  t h e  r e l a t i o n s h i p  b e -  
t w e e n  s t r e n g t h  a n d  p r e c i p i t a t e  s t a b i l i t y ,  aG~t ,  i s  s h o w n .  

M a x i m u m  s t r e n g t h  c a n  b e  s e e n  t o  c o i n c i d e  w i t h  i n t e r -  
m e d i a t e  p r e c i p i t a t e  s t a b i l i t y ,  a n d  t h i s  i s  m o s t  e v i d e n t  
f o r  t h e  y i e l d  s t r e n g t h .  W h e n  G P  z o n e s  a r e  n o t  p r e s e n t ,  

a s  i s  t h e  e a s e  f o r  t h e  t h r e e  o v e r a g e d  t e m p e r s ,  s t r e n g t h  
i s  r e d u c e d .  T h e  h i g h  s t r e n g t h  e x h i b i t e d  b y  t h e  7 0 5 0 - T 6  

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

e f f e c t  p r o v i d e d  b y  c o h e r e n t  G P  z o n e s  a n d  s e m i c o h e r e n t  

' p a r t i c l e s .  A m o r e  s y s t e m a t i c  e v a l u a t i o n  o f  t h e  s i g -  
n i f i c a n c e  o f  m a t r i x  m i c r o s t r u c t u r e  to  s t r e n g t h  t h a t  i n -  
v e s t i g a t e s  t h e  r e g i o n  o f  i n t e r m e d i a t e  s t a b i l i t y  u s i n g  
i s o t h e r m a l  a g i n g  s e q u e n c e s  i s  t h e  s u b j e c t  o f  a n  o n g o -  
i n g  s t u d y  t h a t  i s  p l a n n e d  f o r  s u b s e q u e n t  p u b l i c a t i o n .  

CONCLUSIONS 

I) Excellent consistency exists between DSC and 
TEM analysis for the characterization of matrix pre- 
cipitates in the three al:oys studied. 

2) High strength tempers exhibit similar matrix pre- 
cipitate dissolution behavior, but differences exist that 
are indicative of differences in stability and particle 
number density. 

3) The dissolution behavior of overaged tempers of 
7075 and RX720 are almost identical, but the overaged 
7050 contains a large concentration of 71 t precipitates 

t h a t  h a v e  u n i q u e  d i s s o l u t i o n  c h a r a c t e r i s t i c s .  
4) T h e r e  a p p e a r s  to  b e  a s a t u r a t i o n  in  t h e  s t r e n g t h -  

e n i n g  e f f e c t  a s s o c i a t e d  w i t h  G P  z o n e s .  

5) H i g h e s t  s t r e n g t h  w a s  o b s e r v e d  f o r  a m a t r i x  c o n -  
t a i n i n g  a c o m b i n a t i o n  o f  c o h e r e n t  G P  z o n e s  a n d  s e m i -  
c o h e r e n t  r / '  p a r t i c l e s .  

6) U s e  o f  o v e r - a l l  m a t r i x  p r e c i p i t a t e  s t a b i l i t y ,  d e -  

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