
where tl and N~ r e f e r  to the t ime and cyc les  at one 
s t r a i n  range,  t2 and N2 re fe r  to the data at a second 
s t r a i n  range,  and t f  and N f  re fe r  to the fa i lure  t ime 
and cycles  to fa i lure  co r r e spond ing  to t e s t s  at a given 
s t r a i n  range,  leads to conserva t ive  r e su l t s  s ince the 
Table  I data indicate that the cyclic fatigue life actu-  
a l ly  r ema in ing  in a m a t e r i a l  is  g rea te r  than that ca l -  
culated. 

Typica l  load vs t ime and s t r a in  vs t ime plots ob- 
ta ined in the test  of spec imen  67-7 are p r e sen t ed  in 
Fig.  1. P a r t i c u l a r l y  noteworthy in the load- t ime  plot 
is the s t r a i n - h a r d e n i n g  which is indicated at 2 pct 
s t r a i n  range and the s t r a i n  softening which is  noted 
at the 1 pct s t r a in  range.  

Another in t e res t ing  plot obtained in the tes t  of 
spec imen  67-7 is shown in Fig.  2. A definite h y s t e r e -  
s i s  loop is indicated for each s t r a in  range and the 
t r a n s f e r  f rom one loop to another  is also highlighted.  
Ar rows  are shown to identify the h y s t e r e s i s  loops for 
the f i r s t  and last  cyc les  in the sequence and these 
c l e a r l y  indicate the cycl ic  hardening  and sof tening 
ment ioned in the d i s cus s ion  of Fig.  1. It is impor t an t  
to emphas ize  that in this  evaluat ion the spec imen  was 
t es ted  in axial s t r a in  cont ro l  with zero  mean s t r a in .  

Th i s  repor t  or ig ina ted  f rom work sponsored  by the 
U.S. Atomic Energy C o m m i s s i o n ,  Divis ion of Reac tor  
Development  and Technology,  Fue l s  and Ma te r i a l s  
Branch ,  under  Contrac t  AT (40-1)-2847. 

1. T. Slot, R H. Stentz, and J. T. Berhng: Controlled-Strata Testing Procedures 
from the Viewpoint of High Temperature Matermls Behavior, GE-NSP report 
GEMP-698, May, 1969; also a chapter in Am. Soc Testing Mater., Spec Tech. 
Publ. No. 465, 1969. 

Gas Solubility Measurements and 
the Derivation of Inherent 
Thermodynamic Information 

KLAUS W. LANGE AND HERMANN SCHENCK 

MORE informat ion  can be der ived from gas solu-  
b i l i ty  m e a s u r e m e n t s  than just  the knowledge of so lu-  
b i l i ty  values.  If the gas solubi l i ty  in mixed so lvents  
is  sma l l  the solubi l i ty  data give quant i ta t ive  i n fo rma-  
t ion about the the rmodynamic  behavior  of the com-  
ponents  of the mixed solvent.  If these t he rmodynamic  
data a re  known f rom other  independent  m e a s u r e m e n t s ,  
the the rmodynamics  of the mixed solvent  de r ived  from 
gas solubil i ty m e a s u r e m e n t s  can be used to check the 
the rmodynamic  cons i s t ency  between the two se t s  of 
data. 

During m e a s u r e m e n t s  of the hydrogen solubi l i ty  in 
b ina ry  nickel a l loys r-s it was found that,  at cons tant  

KLAUS W. LANGE as Privatdozent, Institut ftar Eisenhii t tenkunde 
der Rheinisch-Westfiilischen Technischen Hochschulle Aachen, Aachen, 
West Germany. HERMANN SCHENCK, formerly Director, Insti tut  fiar 
Eisenhiattenkunde der Rheinisch-Westf~ilischen Technischen Hoch- 
schule Aachen, is Professor Emeritus and Director, Forschungsstelle 
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t e m p e r a t u r e  and par t ia l  p r e s s u r e  of the gas,  log f ~ ~  i 
(and/or  log f N i  ) v a r i e s  l i nea r ly  with the mole fraC- 
t ion XCo (and'7o~ XNi). It was shown 1,6 that this l i nea r  
concen t ra t ion  dependence occurs  if the mixed solvent  
fo rms  an ideal  solution.  Cons ide red  on an atom f rac -  
tion scale  the n i t rogen solubi l i ty  in N i -Co-a l l oys  is  
even s m a l l e r ,  and one would expect the same l inear  
dependence of log NNi-Co on XCo. Of the two m e a s -  
u r e m e n t s  7'8 known f r o m  the l i t e r a t u r e  only one 8 covers  
the whole sys tem with five points ,  Fig.  1. Since the 
l inear  dependence is not c l ea r ly  es tab l i shed ,  the n i -  
t rogen solubi l i ty  m e a s u r e m e n t s  were  repeated.  Ni- 
Co-a l loys  were equi l ib ra ted  with n i t rogen  gas at 
1600~ quenched* and analyzed for n i t rogen .  The r e -  

*The authors wish to thank Dr. T. El Gammal for assistance with the experi- 
ments 

sul ts  a re  given in Fig.  1. The loga r i t hms  of the ni -  
t rogen solubi l i ty  in the N i - C o - a l l o y s  and cobalt  lie 
close to a s t ra igh t  line. The expe r imen ta l  value for 
pure nickel  is  lower.  In view of the ana ly t ica l  diffi-  
cul t ies  at these low n i t rogen  va lues  th is  value is  
omit ted in es tab l i sh ing  the r e g r e s s i o n  l ine through 
the other expe r imen ta l  points.  F r o m  this  r e g r e s s i o n  
line the n i t rogen  solubil i ty in pure n ickel  is e s t ima ted  
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Fig.  1 - -N i t rogen  so lub i l i t y  in l iquid  N i - C o  a l l oys  a t  I a t m  N 
p a r t i a l  p r e s s u r e .  
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Fig. 2--Activity coefficients of nickel and 
molybdenum derived from hydrogen sol- 
ubility measurements. 
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Fig. 3--Raoult's activity of the components in the system 
Ni-Mo, derived from hydrogen solubility measurements 
(standard states: liquid nickel, solid molybdenum). 

to be 14.4 ppm at 1 a tm pa r t i a l  p r e s s u r e  of n i t rogen .  
It was shown ~'8 that qual i ta t ive  r e l a t ionsh ips  exis t  

between the concent ra t ion  dependence of logJ~gas 1 and 
the ac t iv i t i es  of the components  1 and 3 of the mixed  
solvent  1-3. If the log f~as 1 va lues  r e m a i n  s m a l l e r  
than the connect ing s t ra igh t  l ine through the log f~as  1- 
va lues  of the pure components  1 and 3, then the ac t iv i -  
t i es  of the components  1 and 3 show posit ive devia-  

3 t ions  f rom Raoul t ' s  law. If the log fgas  1 va lues  exceed 
this  connecting s t ra ight  l ine ,  then the ac t iv i t i es  of the 
components  1 and 3 show negative deviat ions  from 
Raou l t ' s  law. 

These  qual i tat ive r e l a t i onsh ips  would be of more  
value if they could be made to yield quant i ta t ive infor-  
mat ion .  Th i s  was done %~5 by exp res s ing  the i s o t h e r m a l  
concent ra t ion  dependence of the gas solubi l i ty  in the 
form of potential  s e r i e s  18 and p roces s ing  the data in 
the m a n n e r  of Wagner ~7 and Darken.  ~s This  t r e a t m e n t  

~ 
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xM o 
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is not r e s t r i c t e d  e i ther  to gas so lubi l i ty  m e a s u r e -  
ments  cover ing  the whole concen t ra t ion  range of a 
solvent  sys tem or to b inary  so lvents .  F igs .  2 and 3 
i l l u s t r a t e ,  as  an example ,  the r e s u l t s  of such a 
t r e a t m e n t  of hydrogen-so lub i l i ty  data 4 in l iquid Ni- 
Mo-a l loys .  Since the solubi l i ty  of n ickel  in sol id 
molybdenum is ve ry  sma l l ,  19 Raou l t ' s  law is a s sumed  
to be val id in this  region.  The sa tu ra t ion  solubi l i ty  
of molybdenum in nickel  is taken f rom Casse l ton  
and Hume-Rothe ry .  19 The ac t iv i t i es  of nickel  and 
molybdenum show negative devia t ions  from Raoul t ' s  
law in n i t r o g e n - r i c h  al loys.  The re  a re  no known ac-  
t ivi ty  m e a s u r e m e n t s  in the l i t e r a t u r e ,  only indicat ions  
of short  range o r d e r s ,  2~ while the phase d iagram 23,24 
shows compounds.  Both phenomena a re  usual ly  indica-  
tive of negat ive deviat ions.  

As an example  of checking the cons i s t ency  of solu- 
bi l i ty data the sys tem F e - H - V  is cons idered .  There  
exis t  five 2s-29 de t e rmina t ions  of the hydrogen solu- 
b i l i ty  in l iquid F e - V  al loys.  To ca lcula te  the act ivi ty  
of i ron a n d / o r  vanadium only those hydrogen solubi l i ty  
m e a s u r e m e n t s  are  used 26-29 which cover  an extended 
concent ra t ion  range.  The r e su l t s  are  given in Fig.  4 
and they a re  cont radic tory  even when l imi ted  to one 
publicat ion.  

There  ex is t  two independent  de t e rmina t ions  3~ of 
the ac t iv i t i es  of i ron and vanadium in sol id F e - V  al loys.  
Both ac t iv i t i es  show negative devia t ions  from Raoul t ' s  
law. The avai lable  act ivi ty data of Myles  and Aldred 31 
a re  given in Fig.  4. There  is a r ea sonab ly  good ag ree -  
ment  between the r e su l t s  of the vapor  p r e s s u r e  m e a s -  
u r e m e n t s  and the hydrogen-so lub i l i ty  m e a s u r e m e n t s  
of Ban-ya  e t  a l .  ~8 at 1548~ espec ia l ly  if one takes 
into account the t e mpe r a t u r e  d i f ference.  In the light 
of this  knowledge the other hydrogen solubi l i ty  meas -  
u r e m e n t s  in liquid Fe -V  al loys cannot be cons idered  
as giving ve ry  re l iab le  informat ion  on the exact con- 
cent ra t ion  dependence of the gas solubi l i ty .  The pro-  
posed t r e a t m e n t  of solubi l i ty  m e a s u r e m e n t s  of gases 
sca rce ly  soluble in mixed solvents  provides  thus a 
sens i t ive  means  of tes t ing  the r e l i ab i l i ty  of gas solu-  
bi l i ty  data. Where the i so the rma l  concent ra t ion  de- 
pendence is based on ex t r eme ly  accura te  solubi l i ty  
data,  it is poss ib le  to der ive valuable knowledge on 
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t h e  a c t i v i t y  of the  c o m p o n e n t s  of the  m i x e d  s o l v e n t .  6'15 
W i t h  m e a s u r e m e n t s  of s i m i l a r  a c c u r a c y  a t  d i f f e r e n t  
t e m p e r a t u r e s  i t  i s  e v e n  p o s s i b l e  to  e x t e n d  the  t r e a t -  
m e n t  in  s u c h  a way a2 a s  to  g a i n  q u a n t i t a t i v e  i n f o r m a -  
t i o n  c o n c e r n i n g  the  h e a t  a n d  e n t r o p y  of m i x i n g  of  t he  
m i x e d  s o l v e n t  s y s t e m .  
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Delamination in Banded Steels 

E R I C  A. A L M O N D  

T H E  h i g h  e n e r g y  v a l u e s  a n d  the  i m p r e s s i v e  a m o u n t  
of d e l a m i n a t i o n ,  s e e  F i g .  1, o f t e n  o b s e r v e d  in i m p a c t  

t e s t s  on  b a n d e d  s t e e l s  a n d  s i m i l a r  s t r u c t u r e s  1,2 o f t e n  
c a u s e s  s p e c u l a t i o n  a b o u t  the  p o s s i b l e  a p p l i c a t i o n  of  

t h e s e  s t r u c t u r e s  f o r  t h e i r  c r a c k  a r r e s t i n g  p r o p e r t i e s .  

H o w e v e r ,  a p a r t  f r o m  s e m i q u a n t i t a t i v e  a n a l y s e s  a'4 of 
t he  r o l e  of  t he  p l a s t i c  z o n e  a t  t he  c r a c k  t i p  in p r o d u c -  

ing  d e l a m i n a t i o n  t h e r e  h a s  b e e n  no  d e t a i l e d  e x a m i n a -  

t i o n  of  the  s t r e s s  c o n d i t i o n s  t h a t  c a u s e  t h i s  t y p e  of 
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