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Table I. The Interaction Coefficients at 1200~ 

e~ t = a logfo/a %M; eo M = a In "yo/a N M 

Alloying Element e M eo M Calculated* eo M 

Gold 0.0318 20.6 23 
Platinum 0.0300 19.1 21 
Silver 0.0335 12.4 13 
Nickel 0.0375 8.0 9 

*Using the formula given in Ref. 2, see Eq. [I]. 

p e r a t u r e  c o n d i t i o n s .  On  the  o t h e r  hand ,  i t  w a s  e x p e c t e d  
tha t  n i c k e l  wou ld  p r o b a b l y  i n c r e a s e  t he  o x y g e n  s o l u -  
b i l i t y  s h o w i n g  a n e g a t i v e  eo M , b e c a u s e  i t  is  c o n s i d e r -  
ab ly  l e s s  nob l e  than  c o p p e r .  T h i s  w a s  not  found,  h o w -  
e v e r ,  and  p o s s i b l y  c a n  be  e x p l a i n e d  a s  be ing  due  to 
n i c k e l  d e c r e a s i n g  the  a c t i v i t y  of  f r e e  e l e c t r o n s  on t h e  
a s s u m p t i o n  tha t  o x y g e n  u n d e r g o e s  i o n i z a t i o n  upon d i s -  
s o l u t i o n  a c c o r d i n g  to 

+ 2e-  = o =  [2] 

T h e  n i c k e l  a t o m s ,  h a v i n g  an i n c o m p l e t e  d - o r b i t a l ,  c a n  
p e r h a p s  c a p t u r e  s o m e  e l e c t r o n s ,  t h e r e b y  r e d u c i n g  
t h e i r  a c t i v i t y  in the  s o l u t i o n .  Such r e d u c t i o n  in t h e  
e l e c t r o n  a c t i v i t y  w o u l d - -  a c c o r d i n g  to E q .  [2 ] - -  d e c r e a s e  
t he  s o l u b i l i t y  of  o x y g e n  and t h e r e f o r e  a p o s i t i v e  ENi 
wou ld  be  o b s e r v e d .  

T a n k i n s ,  E r t h a l  and T h o m a s  3 h a v e  i n v e s t i g a t e d  t h e  
s y s t e m  C u - N i - O  o v e r  t he  e n t i r e  c o m p o s i t i o n  r a n g e  b e -  

t w e e n  p u r e  c o p p e r  and p u r e  n i c k e l .  T h e i r  r e s u l t s  
s h o w e d  tha t  EoNi a t  1550~ = - 4 . 2 6  and Eo Ni a t  1500~ 
= - 3 . 9 1  w h i c h  i n d i c a t e s  tha t  Co Ni i n c r e a s e s  r a p i d l y  (be-  
c o m e s  l e s s  n e g a t i v e )  a s  t h e  t e m p e r a t u r e  d e c r e a s e s .  A 
l i n e a r  e x t r a p o l a t i o n  b a s e d  on s u c h  r a t e  of  c h a n g e  wou ld  
p r e d i c t  tha t  toni a t  1200~ m a y  be  c l o s e  to z e r o  o r  e v e n  
p o s i t i v e  a s  found in th i s  w o r k .  Wi th  a l l o y s  r i c h  in 
n i c k e l  t he  s a m e  r e s e a r c h e r s  3 found tha t  the  a d d i t i o n  of  
c o p p e r  to n i c k e l  i n c r e a s e s  t he  o x y g e n  s o l u b i l i t y  w h i c h  
is  o p p o s i t e  to wha t  m igh t  be  e x p e c t e d  on t h e  b a s i s  of 
n o b i l i t y  c o n s i d e r a t i o n  a l o n e  but  p e r h a p s  in l i ne  wi th  the  
" e l e c t r o n  c a p t u r e "  t h e o r y  c i t e d  a b o v e .  

E~g c a l c u l a t e d  f r o m  the  r e s u l t s  of  F r u e h a n  and 
R i c h a r d s o n  4 n e a r  1200~ i s  about  4 .6  w h i c h  is  l e s s  
than  the  v a l u e  of  13 found in t h i s  w o r k .  T h e r e  i s  no 
e x p l a n a t i o n  a t  t h i s  t i m e  f o r  t he  d i f f e r e n c e .  

T h e  a u t h o r s  w i t h  to e x p r e s s  t h e i r  t h a n k s  to t he  N a -  
t i o n a l  S c i e n c e  F o u n d a t i o n  fo r  t h e i r  f i n a n c i a l  s u p p o r t  
of  t h i s  w o r k .  

1. M. M. A. E1-Naggar and N. A. D. Padee: Met. Trans., 1970, vol. 1, pp. 2975-77. 
2. C. Lupis and J. Elliot: Trans. TMS-AIME, 1965, vol. 233, pp. 257-58. 
3. E. S. Tankins, J. F. Erthal, and M. K. Thomas, Jr.: J. Electrochem. Soc., 1965, 

vol. 112, pp. 446-50. 
4. R. Fruehan and F. Richardson: Trans. TMS-AIME, 1969, vol. 245, pp. 1721-26. 

Relationship between Alpha Grain 
Size and Crack Initiation Fatigue 
Strength in Ti-6AI-4V 

J . J .  LUCAS AND 1 a. P. KONIECZNY 

DURING the course of investigating the effects of 
processing variables and heat treat conditions on the 
mechanical properties of Ti-6AI-4V, a general relation- 
ship was observed between ~ grain size and the high 
c y c l e  (108) f a t i g u e  s t r e n g t h  f o r  bo th  s m o o t h  (/i  t = 1.0) 
and no t ched  (K t = 1.8) s p e c i m e n s .  T h i s  r e l a t i o n s h i p  i s  
p r e s e n t e d  in F i g .  1. L i m i t e d  d a t a  on s o l u t i o n  t r e a t e d  
and a g e d  (STA) T i - 6 A 1 - 6 V - 2 S n  is  a l s o  p r e s e n t e d .  The  
f i n e r  a g r a i n  s i z e s  h a v e  b e e n  o b t a i n e d  in t h e  b a r s t o c k  
and in t h e  STA f o r g i n g  m a t e r i a l s  and t h e s e  m a t e r i a l s  
e x h i b i t  t he  h i g h e r  f a t i g u e  s t r e n g t h s .  

A l l  m a t e r i a l  t e s t  s p e c i m e n s  w e r e  o r i e n t e d  in t he  
l o n g i t u d i n a l  d i r e c t i o n  of  t h e  t e s t  m a t e r i a l  and w e r e  
l o n g i t u d i n a l l y  p o l i s h e d  a s  t he  f i na l  s u r f a c e  p r e p a r a t i o n .  
T e s t i n g  w a s  c o n d u c t e d  u n d e r  a x i a l  l oad ing  a t  a m b i e n t  
t e m p e r a t u r e  c o n d i t i o n s  w i t h  a +45 K s i  s t e a d y  t e n s i l e  
s t r e s s .  C o n s t a n t  load  t y p e  t e s t  m a c h i n e s  o p e r a t i n g  a t  
1800 c p m  w e r e  u t i l i z e d .  T h e  m e a n  f a t i g u e  s t r e n g t h  d e -  
t e r m i n e d  f o r  e a c h  m a t e r i a l  c o n d i t i o n  w a s  b a s e d  on the  
r e s u l t s  of  8 to 10 t e s t s .  

g r a i n  s i z e  w a s  d e t e r m i n e d  by e x a m i n a t i o n  of  l on -  
g i t ud ina l  s e c t i o n s  of t y p i c a l  t e s t  m a t e r i a l  on an o p t i c a l  
m i c r o s c o p e .  At  l e a s t  25 v a l u e s  of  a g r a i n  d i a m e t e r  

J. J. LUCAS and P. P. KONIECZNY are Supervisor, Materials Develop- 
ment, and Materials Engineer, respectively, Sikorsky Aircraft, Div. 
U.A.C., Stratford, Conn. 
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Fig. 1--Relationship between c~ grain size and crack initiation 
fatigue strength. 

4V s indica te  a r e a sonab l e  c o r r e l a t i o n  between t ens i l e  
s t r eng th  and fa t igue s t rength .  

Since t ens i l e  s t r eng th  cannot be used  as  a cons i s t en t  
indica t ion  of fa t igue s t rength  in Ti -6A1-4V,  m i c r o s t r u c -  
t u r e  con t ro l s  such as  g ra in  s i ze  may prove  to be nec -  
e s s a r y  qual i ty  a s s u r a n c e  r e q u i r e m e n t s  for obtaining 
r epea t ab l e  fat igue s t rength .  It is t h e r e f o r e  impor tan t  
to fu r the r  subs tant ia te  and quantify the o b s e r v e d  ef fec t  
of g ra in  s i ze  on fat igue s t reng th  r e p o r t e d  here in .  

1. R. W. Karry and T. J. Dolan:Amer. Soc. Testing Mater. Proc., 1953, vol. 53, p. 
789. 

2. N. G. Turner and W. T. Roberts: Tran~ TMS-AIME, 1968, vol. 242, p. 1223. 
3.MetalsHandbook, vol. 1, p. 130, Amer. Soc. Met., Novelty, Ohio, 1962. 
4. G. Sines and J. L. Waisman: Metal Fatigue, p. 26, Maple Press Co., York, Pa., 

1959, 
5. L. J. Bartlo: Fatigue at High Temperature, STP 459, pp. 144-54, Amer. Soc. 

Testing Mater., Philadelphia, Pa., 1969. 
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Fig. 2--Relationship between ultimate tensile strength and 
crack initiation fatigue strength. 

were made by a random intercept method for each sam- 
ple. The range of measured values and the mean value 
obtained are shown in Fig. 1. 

Similar results on the effect of grain size on fatigue 
strength have been previously observed in steel alloys ~ 
and in commercially pure titanium 2 and although other 
variables were present in our tests such as the basic 
chemistry and percentage primary or, the present evi- 
dence indicates processing methods which result in 
finer ot grain sizes should be further investigated to 
improve the fatigue strength of titanium components. 

Fig. 2 presents a comparison of the ultimate tensile 
strength of these materials to the smooth specimen 
fatigue strengths. Although the fatigue strength tends 
to increase with tensile strength, the percentage in- 
crease in fatigue strength is abnormally higher than 
the corresponding increase in tensile strength. For 
instance, although there was only a 17 pct difference 
in tensile strength, greater than a 2 to 1 difference in 
fatigue strength was obtained between the lowest 
strength Ti-6AI-4V forging material and the highest 
value which was for the barstock. 

Because of the small differences in tensile strength 
and large differences in fatigue strength observed in 
this material it does not appear reasonable to reliably 
predict fatigue strength on the basis of tensile test 
values. In contrast with these results, previously re- 
ported data for steels, s aluminum alloys, 4 and Ti-6Al- 

Self-Diffusion Data of Metals and 
Stable Electronic Configuration 
Model 
G. S. UPADHYAYA 

IN a r ecen t  paper  Sha rma  and Ray 1 have a t tempted to 
c o r r e l a t e  se l f -d i f fus ion  data with the E n g e l - B r e w e r  
t h e o r i e s  of me ta l s  and a l loys .  In the p r e sen t  communi -  
cat ion an a t tempt  is  made to study the mode of va r ia t ion  
of the se l f -d i f fus ion  coef f ic ien t  of m e t a l s  on the model  
of s table e l e c t r o n i c  conf igura t ion ,  proposed  by Sam- 
sonov .2,3 

During the formation of a solid, the valence electrons 
can be divided into localized and nonlocalized parts. 4-6 
This proposal has been experimentally verified by 
X-ray spectroscopy of some transition metals 6-I~ and 
a lso  by Hall  constant  data.  1I In the f u r t h e r  deve lopment  
of th is  approach it was  proposed  2'3''2'~3 that the loca l -  
ized f rac t ion  of the va lence  e l e c t r o n s  f o r m  a f a i r l y  
broad spec t rum (s ta t i s t ica l  c o l l e c t i o n ) o f  conf igura t ions  
in which the m a x i m u m  s t a t i s t i ca l  weight  is  pos se s sed  
by the e n e r g e t i c a l l y  mos t  stable e l e c t r o n i c  conf igura-  
tion co r r e spond ing  to the m i n i m u m  state  of f r ee  ene rgy .  
Such stable e l e c t r o n i c  conf igura t ions  for  d - m e t a l s  a re  
d e, d s, and d ~~ and acco rd ing  to the deg ree  of descending  
ene rgy  s tabi l i ty ,  these can be a r r a n g e d  in the o r d e r  
d 5 - d ~ ~  ~ An  analogous  p ic ture  is a lso  obse rved  for  
f - e l e m e n t s ,  the a toms  of which can f o r m  stable P - f  
and f , 4  conf igura t ions  with fT having the m ax imum s t a -  
b i l i ty .  Assuming  that fo r  t r ans i t i on  me ta l  a toms  in the 
f r e e  state with the number  of d - e l e c t r o n s  nd<--5 , only 
two stable conf igura t ions ,  d e and d 5, of loca l ized  e l e c -  
t r ons  are  f o rm ed .  Using X - r a y  s p e c t r o s c o p i c  and Hall  
coef f ic ien t  data,  the s t a t i s t i c a l  weight  of a toms  having 
s table  dS-conf igurat ions  (SWASC) in the me ta l l i c  c r y s -  
ta l  has  been d e t e r m i n e d .  14 

In the case  of a lkal i  and alkal ine ea r th  m e t a l s  the 
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