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The fracture of high-purity A1-Zn-Mg alloys is gen- 
erally regarded to be ductile. However, observations 
presented in this communication indicate that regions 
of t ransgranular  cleavage-like fracture can also occur.  
This form of failure is shown to require the presence 
of water, and to be dependent on strain rate and yield 
strength. 

The tests were carr ied out on tensile specimens of 
gage dimensions 25 mm • 6.4 mm • 0.25 mm taken 
longitudinally from sheet of a high-purity A1-5.5 wt 
pct Zn-2.5 wt pct Mg alloy. The specimens were solu- 

tion treated for 1 h at 470~ in dry  argon, water 
quenched, held at room temperature for 15 min, and 
then aged in silicone oil baths for either 72 h at 130~ 
(0.1 pct offset yield strength of 390 MN/m 2) or  24 h at 
160~ (300 MN/m2). 

The fracture  surfaces of specimens aged at 130~ 
and tensile tested at a strain rate of 0.002 rain -1 in 
laboratory air were predominantly intergranular and 
dimpled, resulting from ductile f racture  in the p re -  
cipitate-free zones; regions of t ransgranular  ductile 
f racture  were also evident. In addition, approximately 
1 to 5 pct of the fracture  surface exhibited t ransgran-  
ular regions having a cleavage-like appearance, Fig. 1. 
It can be seen from the SEM s tereo-pai rs  that the r e -  
gion is not flat but consists of a ser ies  of parallel  fa-  
cets, each exhibiting cleavage-like steps. Comparison 
of s te reo-pai rs  from opposite fracture surfaces estab- 
lished that the fractographic features were matching 
and that the facets were interlocking. At higher mag- 
nifications, the facets were found to exhibit parallel 
markings, approximately 1.5 ~m apart, which were 
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Fig. 1-SEM s t e r e o - p a i r s  of the opposite f rac ture  su r faces  of 
a specimen aged at 130~ and tes ted in laboratory-ai r  at a 
s t ra in  rate  of 0.002 rain -1. 
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a l so  ma tch ing  on the oppos i t e  faces ,  Fig .  2. These  
m a r k i n g s ,  s i m i l a r  in a p p e a r a n c e  to fa t igue s t r i a t i o n s ,  
we re  de t ec t ab l e  on a l l  c l e a v a g e - l i k e  f ace t s ,  a l though 
in some  c a s e s  i t  was n e c e s s a r y  to t i l t  and r o t a t e  the 
spec imen  to p r o d u c e  suf f ic ien t  cont~ ~st .  

At tempts  w e r e  m a d e  to ident i fy  the o r i en t a t i on  of 
the c l e a v a g e - l i k e  f ace t s  u s ing  s e v e r a l  e t c h - p i t  t e c h -  
n iques .  ~'2 The p i t s  w e r e  g e n e r a l l y  too i r r e g u l a r  to 
p e r m i t  p r o p e r  o r i en t a t i on  d e t e r m i n a t i o n ,  but  in s o m e  
in s t ances  p i t s  of f a i r l y  r e g u l a r  shape  w e r e  obta ined ,  
and these  sugges t ed  that  the s u r f a c e s  w e r e  e i t h e r  
{ 100} or {110}. 

S i m i l a r  c l e a v a g e - l i k e  r e g i o n s  w e r e  o b s e r v e d  in 
130~ s p e c i m e n s  t e s t e d  at  0.002 min  "1 in both 
m o i s t  a rgon  and 3 pe t  aqueous  NaC1 solut ion.  How- 
eve r ,  t h e r e  was  no ev idence  for  this  type of f a i l u r e  
in these  s p e c i m e n s  when t e s t e d  at  th is  s t r a i n  r a t e  in 
d r y  a rgon  o r  a t  a s t r a i n  r a t e  of 0.2 min -1 in l a b o r a t o r y  
a i r .  Tes t s  on s p e c i m e n s  aged at  160~ did not g e n e r -  
a l ly  p roduce  the c l e a v a g e - l i k e  f r a c t u r e ,  except  for  one 
i s o l a t e d  i n s t ance  in a s p e c i m e n  t e s t ed  at  0.002 min  -~ 
in l a b o r a t o r y  a i r  a f t e r  i m m e r s i o n  for  8 h in aqueous 
NaC1 +A1C13 so lu t ion  (pI-I ~ 2). 

The n e c e s s i t y  for  the p r e s e n c e  of m o i s t u r e  o r  an 
aqueous solut ion s u g g e s t s  that  the c l e a v a g e - l i k e  f r a c -  
t u re  m a y  involve  the e n t r y  of hydrogen  into the l a t t i c e .  
The o c c u r r e n c e  of s t r i a t i o n s  sugges t s  that  the f r a c -  
t u r e  p r o c e s s  i s  d i scon t inuous ,  so that  i t  may  be s p e c -  
u la ted  that  f a i l u r e  involves  c y c l e s  of hydrogen  d i f fu-  
s ion  to the r eg ion  ahead of the  c r a c k  fol lowed by 
c l eavage  through th is  zone,  the  c r a c k  becoming  a r -  
r e s t e d  when i t  p a s s e s  into the u n e m b r i t t l e d  l a t t i ce .  
The o b s e r v e d  s t r a i n - r a t e  dependence  i s  cons i s t en t  
with th is  hypo thes i s ,  and the g e n e r a l  a b s e n c e  of the  
phenomenon in s p e c i m e n s  of lower  s t r eng th  is  a l so  in 
g e n e r a l  a g r e e m e n t  with a h y d r o g e n - e m b r i t t l e m e n t  
phenomenon.  

S i m i l a r  c l e a v a g e - l i k e  f r a c t u r e s  have a l so  been  r e -  
p o r t e d  in A I - Z n - M g  a l l o y s  fa i l ed  by  s t r e s s - c o r r o s i o n  
c r a c k i n g  and by  c o r r o s i o n - f a t i g u e .  In the f o r m e r ,  
f r a c t u r e  is  g e n e r a l l y  i n t e r g r a n u l a r  but  i so l a t ed  c l e a v -  
a g e - l i k e  r e g i o n s  have been  o b s e r v e d f l  This  effect  was 
c o n f i r m e d  in the p r e s e n t  work  in s tud i e s  of the 130~ - 
aged a l l oy  t e s t e d  at  cons tan t  load (70 pe t  of 0.1 pet  
of fse t  y ie ld  s t r eng th )  in the 3 pet  aqueous NaCI s o l u -  
t ion.  The c l e a v a g e - l i k e  r e g i o n s  we re  ind i s t i ngu i shab le  
f rom those  o b s e r v e d  in t en s i l e  s p e c i m e n s  and, in pa  r -  
t i t u l a r ,  exhib i ted  s t r i a t i o n s  of the type shown in Fig .  2. 
In the e a s e  of c o r r o s i o n - f a t i g u e ,  the f r a c t u r e  s u r f a c e s  
a r e  p r e d o m i n a n t l y  c l e a v a g e - l i k e ,  in c o n t r a s t  to those  
in d r y  envi ronments ;4 '5  the  c l e a v a g e - l i k e  s u r f a c e s  have 
been o b s e r v e d  to be p r i m a r i l y  { 100},4's al though { 110} 
and {111} have a l so  been  r e p o r t e d .  6'~ Signif icant ly ,  
s e v e r a l  w o r k e r s  have a t t r i bu t ed  th is  type  of fa t igue 
f a i l u r e  to hydrogenf l  's  Thus i t  a p p e a r s  that  w a t e r - i n -  
duced c l eavage  can o c c u r  wheneve r  t hese  a l loys  a r e  
sub jec t ed  to l a r g e  t e n s i l e  s t r e s s e s ,  r e g a r d l e s s  of 
whe the r  the load ing  is  monotonic ,  s t a t i c  o r  cyc l i c ,  
and tha t  i t s  con t r ibu t ion  to o v e r a l l  f a i l u r e  depends  
on the e x i s t e n c e  of compe t ing  f r a c t u r e  p r o c e s s e s .  

This  r e s e a r c h  was  s u p p o r t e d  in p a r t  by  the  U. S. 
Atomic  E n e r g y  C o m m i s s i o n ,  Con t rac t  AT (11-1)-1198.  
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Fig. 2--Scanning electron mieroga'aphs of regions A and A '  in 
Fig. i i l lustrating the matching parallel  markings, The lower 
mierograph w a s r e v e r s e  printed to facilitate matching of the 
fractographie features, 
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