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Auger electron spect roscopy (AES) has been used to measure  the grain boundary concen- 
t ra t ion prof i les  of alloy additions in a n a l - 5 . 5  pct Zn-2.5 pct Mg t e rna ry  in as-quenched, 
under - ,  peak- ,  and over -aged  conditions. The AES depth prof i les  show marked segregat ion 
of Mg and Zn to the grain boundary, in contras t  to that repor ted  previous ly  on s imi l a r  At 
a l loys .  It is found that this apparent  contradict ion can be resolved  by exploiting the p lasmon-  
loss  features  of the AES spec t r a  to help elucidate the grain boundary segregat ion.  With the 
AES/p lasmon- loss  measurements ,  one can determine  not only the concentration of Mg and 
Zn at the grain boundary, but also the meta l lu rg ica l  environments surrounding the alloy 
additions.  It is  shown that, for over -aged  specimens of the At alloy, only a fraction of 
the total Mg at the grain boundary is incorporated in MgZn2 prec ip i ta tes ,  the remainder  
being segregated  to within a few atomic l aye r s  of the boundary. 

G R A I N  boundary segregat ion of alloy components 
and impur i t ies  has been known for some t i m e )  The 
relat ion between this phenomenon and the mechanical  
p roper t i e s  of meta ls  could not be quantitatively 
studied, however, until the advent of Auger e lect ron 
spectroscopy (AES).2-4 The shallow probing depth 
(10-20 A) of AES revealed that the segregated  elements  
can be local ized to the top few atomic l aye r s  of the 
grain boundary. Thus, AES has been ext remely  useful 
in determining the chemical  composit ion of grain 
boundary sur faces  which can then be co r re l a t ed  with 
other meta l lurg ica l  p roper t i e s  of ma te r i a l s .  

In the case  of AI-Zn-Mg alloys, AES studies 5 have 
shown that the alloying elements  Mg and Zn are 
heavily segregated  to the grain boundaries .  T r a n s -  
miss ion e lect ron microscopy (TEP) s tudies  6'~ have 
shown that for aged At-Zn-Mg alloys, the segregated  
elements  form MgZn2 prec ip i ta tes ,  and as a conse-  
quence, there  exis ts  a prec ip i ta te  free zone (PFZ) at 
both s ides  of the grain boundary. The composition 
and mechanical  p roper t i e s  of the P F Z  has been the 
focus of severa l  studies on the s t r e s s  cor ros ion  of 
aluminum alloys since cracking in these alloys is 
in te rgranular .  Recent mechanis t ic  studies s-l~ have 
indicated that c rack  propagation may occur due to 
hydrogen embri t t lement ,  as opposed to anodic d i s -  
solution n as previously  suggested.  In conducting 
additional measurements  of the alloy composition 
immedia te ly  adjacent to the grain boundary to further 
invest igate the mechanism of cracking, it became 
c lear  that there  are  considerable  contradict ions in 
the l i t e ra tu re  with r ega rd  to grain boundary seg rega -  
tion in these alloys.  

For  example, Doig and Edington ~2-~4 repor ted  
measurements  of Mg content near  the grain 
boundaries of At-5.9 pct Zn-3.2 pct Mg alloys in 
as-quenched, under- ,  peak- ,  and over -aged  condi- 
t ions.  By monitoring the plasmon loss  of the e l ec -  

t ron beam in a TEM, Doig and Edington were able 
to de termine  the spatial distribution of Mg as the 
electron beam was t r a v e r s e d  across  a grain 
boundary. The situation is depicted by the t r ace  
a-a '  in Fig.  l (a) .  For  as-quenched specimens,  Doig 
and Edington found an accumulation of Mg at the 
grain boundary. On the other hand, for over -aged  
specimens,  their  measurements  showed a depletion 
of Mg in the PFZ,  the Mg content decreas ing  f rom 
the bulk value of 3.2 pet to about 0.2 pet at the 
boundary. Some of Doig and Edington's  data 14 a re  
reproduced in Fig .  l(b) and (c). The above resu l t s  
were in te rpre ted  with the model that, in the over -  
aged case,  a major  portion of Mg at the grain 
boundary combine to form the MgZn2 prec ip i ta tes ,  
leaving the region between the p rec ip i t a t e s  depleted 
in Mg. 

Recently,  Green et  al Is also have measured  the 
grain boundary composition of Ag-Zn alloys of 
s i m i l a r  composition in the as-quenched, peak and 
over -aged  conditions.  AES and argon ion sputter ing 
were used to obtain the chemical  depth prof i les  of 
grain boundary sur faces .  The AES measurements  
showed, however, an accumulation of Mg at the 
grain boundary under all conditions. 

In this paper ,  we demonst ra te  that the apparent  
contradict ion between the T..lvI/plasmon loss  resu l t s  
of Doig and Edington and the AES resu l t s  of Green 
et  al, can be resolved  by exploiting the plasmon loss  
fea tures  of the AES spec t r a  to help elucidate the 
segrega t ion /prec ip i t a t ion  problem.  Specifically,  it is 
found that the plasmon loss  energy measurements  in 
the TEM and the AES techniques provide different,  
but complementary,  information about the grain 
boundary. A combination of these two techniques has 
led to a bet ter  understanding of segregat ion effects 
at grain boundaries .  
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EXPERIMENTAL METHODS AND MATERIALS 

The Auger electron spectrometer used in this study 
is a Physical Electronics, double-pass cylindrical 
mirror analyzer (system model 548). The spectrom- 
eter includes an ultra high vacuum system (UHV), 
where the experiments were conducted under a basal 
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Fig. 1-(a) Schematic diagram of MgZn 2 precipitates at a 
grain boundary, a -a '  represents the line along which 
microanalysis of Mg concentration is performed by the 
TEM/plasmon loss technique. (b) Water quenched from 
500~ and (c) air cooled from 500~ are Mg concentration 
profiles across grain boundaries in A1-5.9 pct Zn-3.2 pct 
Mg alloys as measured by Doig and Edington (Ref 14) 

p r e s s u r e  <5 • 10 -1~ t o r t .  Ar ion sput te r ing  was e m -  
ployed to mi l l  the spec imen  in order  to obtain Auger 
depth p rof i l es .  A f r ac tu re  device,  u t i l i z ing  a s h e a r -  
t o - b r e a k  configurat ion,  was used  for i n  s i t u  f r ac tu re  
expe r imen t s .  To obtain quant i ta t ive  data, the Auger 
peak - to -peak  height of each e l emen t  was measured ,  
and weighed with an appropr ia te  sens i t iv i ty  factor  to 
evaluate  i ts  a tomic pe rcen tage .  16 

The high pur i ty  t e r n a r y  used  for these i nves t i ga -  
t ions  had a composi t ion of 5.49 wt pct Zn and 2.47 wt 
pct  Mg (total impur i ty  <0.1 wt pct, individual  impur i ty  
<0.01 wt pct).  Str ips 1 mm thick were solut ion 
t r ea ted  in dry  argon at a t e m p e r a t u r e  of 475~ for 10 
min and water  quenched.  The gra in  s ize  for the 
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solut ion t r ea ted  spec imens  was about 0.08 mm.  The 
quenched samples  were then heat t r ea ted  at 130 and 
160~ for 4.5, and 22 h to obtain the under ,  peak, 
and over -aged  condi t ions.  Small  s t r ip s  were then 
cut f rom the samples ,  notched, and t r a n s f e r r e d  to 
the s p e c t r o m e t e r .  

RESULTS 

A) Auger Depth P ro f i l e s  

A scanning  e lec t ron  mic rog raph  of the f r ac tu red  
sur face  of an aged sample  is  shown in Fig.  2. The 
as -quenched  samples  show a combinat ion of i n t e r -  
and t r a n s g r a n u l a r  f r a c t u r e s .  On the other hand, the 
peak and over -aged  samples  show definite i n t e r -  
g r anu l a r  f r a c t u r e .  In this  paper ,  we are concerned  
main ly  with the f r ac tu red  su r faces  of aged samples .  
It is c lear  f rom Fig.  2 that AES m e a s u r e m e n t s  on 
these samples  will be probing p redominan t ly  the 
gra in  boundary su r faces .  

A typical  Auger s p e c t r u m  taken f rom the f r ac tu red  
sur face  of an ove r -aged  sample  (160~ for 22 h) is 
shown in Fig.  3. The gra in  boundary depth prof i les  
for Mg and Zn, obtained on the t e r n a r y  alloy in dif-  
fe ren t  heat t r ea ted  condit ions,  are  shown in F igs .  4 
and 5 respec t ive ly .  The age-ha rden ing  curves  at 
these two t e m p e r a t u r e s  are  supe r imposed  on the 
p ro f i l e s .  We note s eve ra l  impor tan t  fea tures  in these  
f igures :  

(i) The Auger s p e c t r u m  for the over -aged  gra in  
boundary sur face  (Fig. 3) indica tes  the p r e sence  of the 

Fig. 2-Scanning electron micrograph of the fracture surface 
of a quenched and aged high purity A1-Zn-Mg ternary alloy. 
The grain size is approximately 0.08 mm (magnified 97 
times). 
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Fig 3-Auger electron spectrum from the fracture surface 
of an overaged high purity ternary alloy. 
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Fig. 4 -Chemica l  depth p ro f i les  for  Mg in A I - Z n - M g  
t e r n a r y  a l loys  as a funct ion of  heat t rea tment .  The 
aging curves at  130 and 160~ are shown in the inser t .  
(D.P.N. is g iven in Kg/mm2.) 

alloy addit ions Mg and Zn. The Auger peak- to -peak  
ampl i tudes  can be conver ted  to atomic pe rcen tages  )6 
Such convers ions  give ~5.4 at. pct  for Mg and ~4.5 at. 
pct  for Zn. If al l  the Mg and Zn segrega t ion  were 
exclus ively  due to MgZn2 p rec ip i t a t e s  the Mg to Zn 
ra t io  should be 1:2. Therefore ,  it is  c lear ,  as a l ready  
pointed out by Green e t  al,  ~5 that in addition to MgZn2 
p rec ip i t a t e s ,  the g ra in  boundary contains  excess  Mg. 
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Fig. 5-Chemical depth profiles for Zn in A1-Zn-Mg alloys 
as a function of heat treatment. The aging curves are 
shown in the insert (D.P.N. is given in Kg/mm2.) 

(ii) The above obse rva t ions  can be subs tan t ia ted  
fur ther  by compar ing  Fig.  3 with the Auger s p e c t r u m  
of a MgZna alloy* which is  shown in Fig.  6. Such a 

*The authors are grateful to Dr. F. Cocks for preparing the sample of MgZn2 
mtermetalhc. 

d i r ec t  compar i son  of Auger ampl i tudes  e l imina te s  
any unce r t a in ty  involved in e s t ima t ing  Auger s e n s i -  
t iv i t i e s  for Mg and Zn. The Zn/Mg Auger peak height 
ra t io  in Fig.  3. is about 1:0.75 while for the MgZn2 
alloy is  about 1:0.28. Thus,  if we a s sume  that  all  the 
Zn atoms on the gra in  boundary sur face  of the o v e r -  
aged sample  were incorpora ted  in the second phase 
pa r t i c l e s ,  then 40 pct of the total  g r a in -bounda ry  Mg 
would be accounted for in the MgZn2 p rec ip i t a t e s  
themse lves  and the r e m a i n i n g  60 pct  would be outside 
the p rec ip i t a t e s .  

(iii) As shown in Fig.  4, under  al l  heat t r e a t m e n t  
condit ions,  there  is  a marked  segrega t ion  of Mg to 
the gra in  boundar ies .  The g ra in  boundary c o n c e n t r a -  
t ions  are s e ve r a l  t imes  the bulk concent ra t ion .  This 
is  in sharp  con t ras t  to the r e su l t s  of Doig and 
Edington as sketched in Fig .  l(b) and (c). They ob- 
se rved  a much l e s s  d rama t i c  accumula t ion  of Mg 
at the gra in  boundary for as -quenched  samples  and 
a deplet ion of Mg for ove r -aged  samples .  

(iv) The width of the segrega t ion  zone, which can 
be defined by the point  where the Mg concent ra t ion  
d e c r e a s e s  to the a r i thmat ic  mean  between the gra in  
boundary and bulk concent ra t ions ,  va r i e s  f rom about 
10/~ for the as -quenched  samples  to about 100A for 
the ove r -aged  samples ,  see Fig.  4. These r e su l t s  are 
also in con t r a s t  to the Doig and Edington data  of the 
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Fig. 6-Auger electron spectrum of a MgZn 2 alloy surface. 

a s -quenched  spec imen ,  where  the width, as  m e a s u r e d  
by the TEM//plasmon l o s s  technique,  i s  about 500~.  

(v) Since the p l a s m o n  ene rgy  of A1 a l loys  depends  
only weakly on the concen t ra t ion  of Zn addi t ion,  ~7 the 
TEM//p lasmon l o s s  m e a s u r e m e n t  cannot  p rov ide  the  
concen t ra t ion  p r o f i l e  for  Zn. As shown in F ig .  5, 
AES m e a s u r e m e n t s  ind ica te  a s i m i l a r  g ra in  boundary  
s e g r e g a t i o n  of Zn. In the o v e r - a g e d  c a s e s ,  however ,  
the depth p ro f i l e  for  Zn is  d i s t i nc t i ve ly  d i f fe ren t .  In-  
s t ead  of a ve ry  r a p i d  in i t i a l  d e c r e a s e ,  i t  shows a 
p la t eau  at the g ra in  boundary .  As a consequence ,  the 
s e g r e g a t i o n  is  extended to about 200/~. 

B) P l a s m o n  Loss  of Auge r  E l e c t r o n s  

In AES m e a s u r e m e n t s  on m e t a l l i c  s u r f a c e s ,  one 
m e a s u r e s  not only the  Auger  e l e c t r o n s  e j e c t ed  into 
the  vacuum without energy  l o s s ,  but a l so  the Auger  
e l e c t r o n s  that  have su f f e r ed  p l a s m o n  l o s s e s .  The 
l a t t e r  give r i s e  to a s a t e l l i t e  peak  on the low energy  
s ide  of the Auger  peak .  Its ene rgy  pos i t ion  r e l a t i v e  to 
the Auger  peak  is  d e t e r m i n e d  by the p l a s m o n  energy  
and can be m e a s u r e d  a c c u r a t e l y .  Since the p l a s m o n  
ene rgy  is  a function of the e l e c t r o n  dens i ty  of the 
m e d i u m  that  the e scap ing  Auger  e l e c t r o n s  p e n e t r a t e ,  
the Auger  e l e c t r o n - i n d u c e d  p l a s m o n  los s  s a t e l l i t e s  
can p rov ide  in fo rmat ion  about the env i ronmen t  s u r -  
rounding the p a r t i c u l a r  c h e m i c a l  s p e c i e s  of i n t e r e s t .  
In p a r t i c u l a r ,  the p l a smon  energy  l o s s e s  m e a s u r e d  in 
A1 and in MgZnz al loy a r e  15.8 + 0.2 and 12.0 �9 0.2 eV 
r e s p e c t i v e l y .  Thus,  an ene rgy  l o s s  of 15.8 eV should 
be o b s e r v e d  for  the Mg a toms  in solut ion n e a r  the 
g ra in  boundary  and an energy  los s  of 12.0 eV for  the 
Mg a toms  in the MgZna p r e c i p i t a t e s .  

F ig .  7 shows po r t i ons  of high r e so lu t i on  Auger  
s p e c t r a  of A I - Z n - M g  a l loys .  Our  focus i s  on the 
994 eV (Zn), 1186 eV (Mg) and 1396 eV (A1) Auger  
p e a k s .  As ind ica ted ,  t h e r e  i s  a p l a s m o n - l o s s  s a t e l l i t e  
a s s o c i a t e d  with each Auger  peak ,  and the p l a s m o n  
ene rgy  l o s s e s  a r e  d i f fe ren t  for a s -quenched  and 
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Fig. 7-Auger electron spectra  for the elements Zn, Mg 
and A1 of the AI-Zn-Mg alloy in as-quenched (row (a)) 
and over-aged (row (b)) conditions The spectra represent-  
lag the balk of the alloy is shown in row (c). 

o v e r - a g e d  condi t ions .  The Auger  s p e c t r u m  for  the  
s p u t t e r e d  condi t ion was obtained af te r  suf f ic ien t  
m a t e r i a l  on the g ra in  boundary  was r e m o v e d  by Ar  
ion b o m b a r d m e n t  unt i l  the bulk compos i t ion  of the 
al loy was r e a c h e d .  

The p l a s m o n  ene rgy  l o s s e s  for  the A1-Zn-Mg 
a l loys ,  t oge the r  with that  for  MgZn2, a r e  s u m -  
m a r i z e d  in Table  I. We note s e v e r a l  i n t e r e s t i n g  
po in ts :  

(i) The p l a s m o n  l o s s  ene rgy  for  the A1 Auger  peak  
is  cons tan t  at  15.8 �9 0.2 eV for  a s -quenched ,  o v e r -  
aged and s p u t t e r e d  s a m p l e s .  Th is  is  u n d e r s t a n d a b l e  
be c a use  the al loy addi t ions  cons t i tu te  only a few 
p e r c e n t  of the A1 al loy,  so the m a j o r i t y  of AI Auger  
e l e c t r o n s  e scape  th rough  a m e d i u m  of e s s e n t i a l l y  
pu re  A1 me ta l .  

(ii) F o r  the o v e r - a g e d  s a m p l e s ,  the p l a s m o n  lo s s  
energy  for  the Mg Auger  peak  is  13.3 �9 0.2 eV, ap -  
p r e c i a b l y  higher than t h a t i n  MgZn2 (12.0 ~ 0.2 eV), 
and i n c r e a s e s  to 15.3 • 0.2 eV when the bulk of the 
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Table I, Measured Plasmon Loss Energies in MgZn 2 and AI-Zn-Mg Alloys 

Zn Mg AI 

MgZn2 I20_+ 0.2eV 12.0 + 0,2 _ 
AI-Zn-Mg as quenched 14.4 -+ 0.2 15.4 + 0.2 15.8 +- 0.2 
A1-ZmMg over aged 12.4 + 0.2 13.3 + 0.2 15.7 + 0 2  
A1-ZmMg sputtered 14.5 + 0.2 15.3 -+ 0.2 15.8 -+ 0.2 

grain is  reached after sputter ing.  We believe this 
r e su l t  is significant.  It provides  additional support  
to the p ic ture  that only a fract ion of the total Mg 
at the grain boundary is associa ted  with MgZn2, the 
r e s t  is  at the grain boundary si tuated outside of the 
p rec ip i t a t e s .  

(iii) The plasmon losses  for the as-quenched 
samples  do not change on sputtering.  Thus, although 
there is an appreciable  segregat ion of both Mg and 
Zn to the grain boundary for the as-quenched samples ,  
the chemical  s ta tes  of Mg and Zn appear  to be the 
same at the grain boundary as in the bulk. 

(iv) For  the over -aged  samples ,  the plasmon loss 
energy for the Zn Auger peak is 12.4 i 0.2 eV, near ly  
the same as that measured  in MgZn2. This resu l t  
suggests  that, for the over-aged samples ,  all the Zn 
atoms at the grain boundary are in the MgZn2 
precip i ta tes~ 

The plasmon loss  in the as-quenched samples  
(14.4 • 0.2 eV for Zn and 15.4 ~ 0.2 eV for Mg), a re  
consis tent ly lower than that for A1 (15.8 • 0.2 el/). 
This suggests  that even for as-quenched samples  
there is some degree of prec ip i ta te  formation 
(probably Guin ie r -Pres ton  zones) throughout the 
bulk of the mate r ia l .  

DISCUSSION 

The above AES plasmon loss results indicate that, 
at the grain boundary of over-aged samples, the Zn 
atoms are all in the form of MgZn2 precipitates. On 
the other hand, only about 40 pct of total Mg is in the 
precipitates, the other 60 pct of Mg being localized 
to within a few atomic layers of the grain boundary. 
In this section, we will utilize these findings in an 
attempt to resolve the apparent contradiction between 
the TEM//plasmon-loss and the AES//plasmon loss 
data. 

An important factor that must be taken into con- 
sideration when comparing the AES and TEM data is 
the vast difference in spatial resolution of these two 
techniques. In TEM, the electron beam is typically less 
than 100A (10 -2 /~m) in diameter while the electron 
beam used in our Auger measurement was about 
200 ~tm in diameter. Therefore, the Auger data rep- 
resent a measure of Mg content averaged over an 
area of 200 ~m in diameter on the fracture surface, 
which corresponds to about 10 grains for the grain 
size employed (~0.08 ram). On the other hand, the 
TEM Mg profile was obtained by traversing the 100A 
electron beam across the grain boundary in between 
the MgZn= precipitates I= as depicted in Fig. I (a). 
Therefore, when interpretating the AES data, the 
contribution from the MgZnz precipitates should cer- 
tainly be included. 

M E T A L L U R G I C A L  T R A N S A C T I O N S  A 

Also, due to experimental limitations, the TEM 
technique is not capable of measuring Mg content 
to within 50A of the grain boundary. Therefore, any 
accumulation of Mg localized to within a few atomic 
layers of the grain boundary will not be detected by 
the TEM/plasmon loss measurement. On the other 
hand, the AES technique, being a surface sensitive 
tool, is ideally suited to detect just such accumula- 
tions. 

The TEM//plasmon-loss technique measures the Mg 
concentration within the grains, but not the Mg con- 
centration at the grain boundary, while the AES depth 
profile includes contributions from both. Therefore, 
to interpret the AES Mg depth profile data, we should 
add to the concentration profile of Doig and Edington 
the contributions from the precipitates as well as the 
Mg localized at grain boundary. Since we have de- 
duced from the plasmon-loss satellite measurement 
that for the over-aged samples, all of Zn at the 
grain boundary is incorporated in the precipitates, 
we conclude from the Auger peak-to-peak amplitude 
information of Figs. 3 and 6 that about 40 pct of Mg 
is associated with MgZna and the remainder is out- 
side the precipitates. 

A schematic illustration of the various contribu- 
tions to the Mg depth profile of the over-aged 
samples is shown in Fig. 8(a). The total Mg profile 
(Curve a) is the sum of the profile at the grain 
boundary (Curve b), the profile within the grain 
(Curve c) and the profile of the precipitate (Curve d). 
As outlined in the following paragraphs, the width 
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Fig. 8(a)-Schematic diagram of various contributions to the 
Mg depth profile for overaged samples. (a, resultant profile; 
b, profile at G.B.; c, profile in PFZ; d, profile of precipi- 
tates). 
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Fig. 8(b)-Schematic diagrams of various contributions to 
the Mg depth profile for as-quenched samples. (a, resultant 
profile; b, profile at G.B.; c, profile in PFZ.) 

of Curve  d is e s t ima ted  f r o m  the m e a s u r e d  con-  
cen t ra t ion  p ro f i l e  for  Zn. As seen,  the total  Mg 
p ro f i l e  r e s e m b l e s  c lose ly  those  shown in Fig .  4. 

S imi la r ly ,  we can cons t ruc t  a Mg depth p rof i l e  for 
the a s -quenched  s a m p l e s .  Because  of the absence  of 
gra in  boundary p r e c i p i t a t e s  in th is  case ,  the p rof i l e  
can be obtained by s imply  adding to t h e  p ro f i l e  within 
the g ra in  of Doig and Arlington (Curve c) a n a r r o w  
p ro f i l e  r e p r e s e n t i n g  the g ra in  boundary Mg c o n t r i -  
bution (Curve b). This  is shown in Fig .  8(b). Note that  
due to the absence  of p r ec ip i t a t e s ,  the total  Mg 
p ro f i l e  in Fig .  8(b) is  s t e e p e r  than that  of F ig .  8(a), 
cons i s ten t  with the AES data  on Fig.  4. Thus, by 
taking into account  the va r ious  contr ibut ions  to the 
Mg depth prof i le ,  the apparent  cont rad ic t ion  be -  
tween the T E M / p l a s m o n - l o s s  and AES m e a s u r e -  
ment  can be r e s o l v e d .  

As pointed out in Sect ion A, for  the o v e r - a g e d  
s amp le s ,  the depth p ro f i l e s  for  Zn show a pla teau 
at the gra in  boundary.  In l ight  of the above d i s c u s -  
sion, th is  is now eas i ly  unders tandab le :  in the o v e r -  
aged cases ,  all the Zn a toms a re  i nco rpo ra t ed  in the 
MgZn2 p r e c i p i t a t e s .  The AES depth p ro f i l e  s imply  
maps out the concent ra t ion  p ro f i l e  of the p r e c i p i -  
t a t e s .  The a s -quenched  s amp le s  as well  as the 130~ 
4.5 h aged sample  do not have gra in  boundary p r e -  
c ip i t a tes  (Fig.  5). On the o ther  hand, the s amp le s  
aged at 130~ for  22 h, 160~ for  4.5 h and 22 h show 
c l e a r  ev idence  of p r ec ip i t a t e  fo rmat ion .  The s ize  of 
the p r e c i p i t a t e s ,  as shown in F ig .  5, is about 200~.  
This  in format ion  was used  to e s t i m a t e  the width 
of the p r e c i p i t a t e - c o n t r i b u t i o n  to the to ta l  Mg prof i l e  
(Fig. 8(a)). 
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SUMMARY AND CONCLUSIONS 

AES m e a s u r e m e n t s  have been used  to d e t e r m i n e  
the concen t ra t ion  p ro f i l e s  of Mg and Zn at g ra in  
boundar ies  of an A I - Z n - M g  t e r n a r y  under  d i f fe ren t  
aging condit ions.  The AES depth p ro f i l e s  show sharp  
s eg rega t i on  of Mg and Zn to the g ra in  boundary,  m o r e  
marked  than those r e p o r t e d  by Doig and Edington 
on s i m i l a r  A1 a l loys .  In the case  of s amples  con-  
taining p r e c i p i t a t e s ,  the AES r e s u l t s  were  in ap-  
pa ren t  cont rad ic t ion  to those r e p o r t e d  by Doig and 
Edington us ing  T E M / p l a s m o n - l o s s  m e a s u r e m e n t s .  

We have shown that  p l a smon  energy  l o s s e s  in the 
Auger  s p e c t r u m  can be exploi ted to help e lucidate  the 
p r e c i p i t a t i o n / s e g r e g a t i o n  p i c tu r e .  With the m e a s u r e d  
Auger  ampli tude and p l a s m o n - l o s s  informat ion ,  we 
are  able to d e t e r m i n e  not only the concent ra t ion  of Mg 
and Zn at the g ra in  boundary but a lso  the chemica l  
env i ronm en t s  of the al loying addit ions.  

It is found that, for  both the as -quenched  and 
o v e r - a g e d  samples ,  t he re  is a marked  seg rega t ion  
of Mg and Zn to the gra in  boundary; and that for the 
o v e r - a g e d  s a m p l e s  about 40 pct  of the total  Mg at the 
gra in  boundary is i nco rpo ra t ed  in MgZnz p r e c i p i t a t e s  
while the r e m a i n i n g  Mg is s eg rega t ed  to within a few 
a tomic  l a y e r s  of the gra in  boundary.  

Based  on the above informat ion ,  toge ther  with the 
recogni t ion  that T E M / p l a s m o n - l o s s  and AES t e c h -  
n iques  m e a s u r e  d i f fe ren t  aspec ts  of the gra in  
boundary,  i t  is  poss ib le  to r e s o l v e  the apparent  
con t rad ic t ions  between the r e s u l t s  of these  two 
techniques .  These  two techniques  p rov ide  d i f ferent ,  
but c o m p l e m e n t a r y  informat ion ,  about the gra in  
boundary.  A combinat ion of these  techniques  has led 
to an improved  p ic tu re  of gra in  boundary s e g r e g a -  
tion in A I - Z n - M g  a l loys .  
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