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Fig. 3--Actual through-transmission ultrasonic attenuation as 
a function of spheroid quality. 

range  f rom V1 for spheres  to V6 for stubby f lakes ,  
Fig.  1. 

Fig.  2 shows that as  spherodic i ty  degenera te s ,  r e l a -  
t ive a t tenuat ion i n c r e a s e s  for both the f e r r i t i c  and 
pea r l i t i c  m a t r i c e s .  This  is  an expected r e su l t  s ince  a 
g r e a t e r  s ca t t e r ing  of the acoust ic  wave should occur  
for i r r e g u l a r l y  shaped p a r t i c l e s .  Ia th is  f requency 
range,  the sca t t e r ing  loss  appea r s  to be independent  of 
ma t r ix .  The a t tenuat ion is r a the r  i n sens i t i ve  to sphe-  
roid qual i ty f rom V2 to V4, s ince  m i c r o s t r u c t u r a l  
changes a r e  fa i r ly  sma l l  in this  range .  

It appea r s  that su r face  u l t r a son ic  waves do provide  
a r e l i ab l e  nondes t ruc t ive  tes t  of m i c r o s t r u c t u r e .  To 
subs tan t ia te  this  conclus ion,  the u l t r a son ic  a t tenuat ion  
of the s amples  has a l so  been obtained with the m o r e  
f a m i l i a r  t h r o u g h - t r a n s m i s s i o n  technique desc r ibed  
e a r l i e r .  An Automat ion Indus t r i e s  type SFZ, 2.25 MHz 
t r ans t tuce r  is  bonded to the s amples  with the same 
couplants  used in the sur face  wave t e s t s .  The plots  of 
actual  a t tenuat ion aga ins t  spheroid  qual i ty a r e  given 
in Fig.  3, where  it i s  again evident that poore r  sphe-  
ro ids  give r i s e  to higher  damping lo s se s .  

If a r e l i ab le  set  of m i c r o s t r u c t u r a l  s t andards  can 
be developed for  a m a t e r i a l  of i n t e r e s t ,  the re  is  l i t t le  
doubt that su r face  u l t r a s o n i c s  provide  a usab le  tech-  
nique for m i c r o s t r u c t u r e  de te rmina t ion .  

The au thors  express  the i r  thanks to the Metals  and 
C e r a m i c s  Divis ion,  A r m y  Resea rch  Office, Durham,  for  
t he i r  support  of this  work.  
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Comment on the Strength 

Differential (SD)Effect in TD Nickel 

B. A. WILCOX, A . H .  CLAUER, AND 
G. LUETJERING 

W E  wish to emphas ize  an impor tan t  point brought  out 
in a recen t  paper  by Olsen and Anse l l  1 concern ing  the 
s t rength  d i f ferent ia l  (SD) effect in two-phase  a l loys ,  
i . e . ,  the obse rva t ion  that compres s ion  yie ld  s t r eng ths  
a r e  higher  than tens ion  yie ld  s t r eng ths .  The point of 
i n t e r e s t  i s  embodied in the las t  sen tence  of the i r  
Discuss ion :  

" . . .  one might  expect va r i a t i ons  in the SD 
effect in s amples  f rom dif ferent  heats  of a 
given alloy or f rom samples  of the s ame  heat 
that have been p r oc e s se d  d i f f e r en t ly . "  

The purpose  of th is  communica t ion  is  to provide  evi -  
dence for this  suspec ted  lack of reproduc ib i l i ty  of the 
SD effect in TD nickel  (Ni-2 pct ThO2) ba r .  

Tens ion  and compres s ion  t e s t s  were  conducted at two 
l a b o r a t o r i e s  by different  i nves t iga to r s  and the r e su l t s  
a r e  l i s ted in Table  I, together  with the or ig ina l  r e s u l t s  
r epor ted  by Oisen and Anse l l .  The s t r a in  r a t e s  used 
were  about 10 -3 to 10 -4 sec -~, and were  the same  for 
compres s ion  and tens ion  t e s t s  on a given m a t e r i a l .  
Each of the m a t e r i a l s  A through E was f rom a di f ferent  
heat  of ba r  stock. It is  seen that m a t e r i a l s  A and D 
each have a compres s ion  yield s t r e s s  s igni f icant ly  
higher  than the t ens i l e  yie ld  s t r e s s .  However,  for m a -  
t e r i a l s  B and C, the re  is  e s sen t i a l ly  no d i f ference  in 
the compres s ion  and tens ion  yie ld  s t reng ths ,  and the 
t ens i l e  yie ld  s t rength  of m a t e r i a l  E is  h igher  than the 
c o m p r e s s i v e  yield s t rength ,  In the l a t t e r  case  the s a m e  
spec imen  configurat ion was used for t ens ion  and com-  
p r e s s i o n  spec imens  to avoid any poss ib le  effects of 
spec imen  design on the yie ld  s t rength .  

We thus conclude that the SD effect in TD nickel  ba r  
i s  not r eproduc ib le .  This  may be the r e s u l t  of d i f ferent  
leve ls  of impur i t i e s  f rom one m a t e r i a l  to another ,  as  
suggested  by Olsen and Anse l l .  If the p a r t i c l e / m a t r i x  
in fe r fac ia l  s t rength  inf luences  the SD effect, then d i f fe r -  
ent impur i t i e s  segrega ted  to the in t e r f aces  could affect 
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Memorial Institute, Columbus, Ohio. G. LUETJERING, formerly with 
Allied Chemical Corp., Morristown, N.J., is now with Deutsche For- 
schungs- und Versuchsanstalt ftir Luft- und Raumsfahrt E.V., Linder 
H6he, Germany. 
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Table I. Room Temperature Tension and Compression Tests on TO Nickel Bar to Test the Reproducibility of the SD Effect 

Tension 0.2 pet Offset Compression 0.2 pet Offset 
Material* Yield Strength, psi Yield Strength, psi Reference 

A) �88 in. diam bar 45,000 65,000 Olsen and Ansell ~ 
B) ~- in. diam bar 55,600 54,000 Work at Battelle-Columbus 
C) �88 in. diam bar 62,000 60,000 Work at Battelle-Columbus 
D) �88 in. diam bar 72,000 93,500 Work at Battelle-Columbus 
E) s in. diam bar 82,000 76,000 Work at Allied Chemical 

*The difference in magnitude of the strength levels from material to material probably arises from the fact that somewhat different thermo- 
mechanical processing treatments were used for the various heats. 

t h e  t e n s i o n  a n d  c o m p r e s s i o n  y i e l d i n g  b e h a v i o r .  I t  i s  
c l e a r  t h a t  a d d i t i o n a l  r e s e a r c h  i s  n e c e s s a r y  t o  d e t e r -  

m i n e  t h e  c a u s e  of t h i s  i r r e p r o d u c i b i l i t y .  
1. R. J. Olsen and G. S. Ansalh Trans. ASM, 1969, voL 62, p. 711. 

The Influence of Titanium 

Additions on the Fracture 

Behavior of Iron 

H. J .  R A C K  

R E L L I C K  and  M c M a h o n  ~ h a v e  r e c e n t l y  i n d i c a t e d  t h a t  
t i t a n i u m  i s  n o t  a s  e f f e c t i v e  a s  a l u m i n u m  in  p r e v e n t i n g  
low e n e r g y  i n t e r g r a n u l a r  b r i t t l e n e s s  in  i r o n .  H o w e v e r ,  
t h e i r  e x a m i n a t i o n  w a s  l i m i t e d  to r a t h e r  low t i t a n i u m  
c o n c e n t r a t i o n s  (0.12 wt  p e t ) .  J o l l y  2 h a s  a l s o  i n d i c a t e d  
t h a t  a s  the  t i t a n i u m  c o n c e n t r a t i o n  i n c r e a s e s  a m i n i -  
m u m  in  t h e  t r a n s i t i o n  t e m p e r a t u r e ,  a s  m e a s u r e d  b y  t h e  
C h a r p y  i m p a c t  e n e r g y ,  o c c u r s .  U n f o r t u n a t e l y ,  no  g r a i n  
s i z e s  w e r e  r e p o r t e d  by  t h e  l a t t e r  i n v e s t i g a t o r ,  a n d  s i n c e  
t h i s  i s  a n  i m p o r t a n t  f a c t o r  in  e s t a b l i s h i n g  the  low t e m -  
p e r a t u r e  p r o p e r t i e s  of i r o n ,  the  e x a c t  i n f l u e n c e  of 
t i t a n i u m  in  t h i s  r e g a r d  i s  s t i l l  i n  d o u b t .  T h i s  w o r k  w a s  
u n d e r t a k e n  to c l a r i f y  the  r o l e  t i t a n i u m  a d d i t i o n s  p l a y  
in  the  d e f o r m a t i o n  and  f r a c t u r e  b e h a v i o r  of f e r r o u s  
a l l o y s ,  

T h e  c o m p o s i t i o n s  of the  a l l o y s  e x a m i n e d  a r e  g i v e n  
in  T a b l e  I ,  t o g e t h e r  w i t h  a r e c o r d  of t h e i r  t h e r m o -  
m e c h a n i c a l  h i s t o r y  p r i o r  to t e s t i n g .  I t  s h o u l d  be  n o t e d  
t h a t  a l l  of the  a l l o y s  p o s s e s s e d  t he  s a m e  g r a i n  s i z e  
( - 0 . 1 5 0  m m ) .  T e n s i l e  t e s t i n g  w a s  c a r r i e d  out  on e l e c -  
t r o p o l i s h e d  c y l i n d r i c a l  s p e c i m e n s  0 .125  in .  d i a m  by 
0 .75  in .  gage  s e c t i o n  a t  a n o m i n a l  s t r a i n  r a t e  of 1.67 
• 10 -3 s e c  -1 b e t w e e n  25~ a n d - 1 9 5 ~  3 

A t  -195~ a l l  t he  a l l o y s ,  w i t h  t he  e x c e p t i o n  of the  
F e - 3 . 1 6 T i  a l l o y ,  d e f o r m e d  by  a m i x t u r e  of s l i p  and  
t w i n n i n g  w h i l e  no  e v i d e n c e  f o r  t w i n n i n g ,  u n a s s o c i a t e d  
w i t h  the  m a i n  f r a c t u r e ,  w a s  found  in  the  l a t t e r  a l l o y .  
T h e  a m o u n t  of t w i n n i n g  s h a r p l y  d e c r e a s e d  w i t h  i n -  
c r e a s i n g  t e s t  t e m p e r a t u r e ;  a t  -120~  on ly  the  F e - 0 . 0 0 3 C  
e x h i b i t e d  any  tw in  d e f o r m a t i o n .  No t w i n n i n g  w a s  found  
in  any  of the  a l l o y s  a t  a t e s t  t e m p e r a t u r e  of ~50~ o r  
h i g h e r ,  in  a g r e e m e n t  w i t h  t he  p r e v i o u s  o b s e r v a t i o n s  

H. J. RACK, formerly with the Lockheed-Georgia Co., Marietta, Ga., 
is now with the Sandia Laboratories, Albuquerque, N. Mex. 

Manuscript submitted July 21, 1971. 

Table I. Materials 

Heat Treatment Schedule* 

Homogeni- 
Chemistry Weight Percent zationt Recrystallization 

Desig- Temp., Time, Prior Temp., Time, 
nation C O N Ti ~ hr Strain ~ hr 

1 0 .003  0.006 0.0008 - 850 72 0.45 700 3.0 
2 0 .004  0.004 0.0008 0.12 850 72 0.67 700 2.5 
3 0 .001  0.005 0.001 0.49 850 72 0.45 800 2.5 
4 0 .004  0.005 0.003 1.08 850 72 0.45 800 1.0 
5 0 .005  0.007 0.003 3.16 1000 48 0.45 900 1.75 

*All heat treatments were conducted under a dynamic vacuum of 1 X 10 "s mm 
Hg. 

"~Air cooled. 
Furnace cooled. 

of M c M a h o n  and  C o h e n  ~ on a f e r r i t e  of s i m i l a r  c o m p o -  
s i t i o n .  

T h e  f r a c t u r e  m o d e  i s  a l s o  a f u n c t i o n  of the  t i t a n i u m  
c o n t e n t  and  t e s t  t e m p e r a t u r e .  F a i l u r e  of the  F e - 0 . 0 0 3 C  
a t  -195~  i s  i n i t i a t e d  i n t e r g r a n u l a r l y ,  i . e . ,  t h e  o b -  
s e r v e d  m i c r o c r a c k s  l i e  a l o n g  p r i o r  b o u n d a r i e s .  T h e i r  
c h a r a c t e r i s t i c  m o r p h o l o g y  i s  i d e n t i c a l  to  t h a t  o b s e r v e d  
b y  M c M a h o n  5 a n d  G i l b e r t  e t  al.;6 m i c r o c r a c k s  a p p a r -  
e n t l y  b e i n g  n u c l e a t e d  by  t w i n s  a t  g r a i n  b o u n d a r i e s .  
P r o p a g a t i o n  of the  m i c r o c r a c k s  in  F e - 0 . 0 0 3 C  a t - 1 9 5 ~  
w a s  i n t e r g r a n u l a r .  I n t e r e s t i n g l y ,  n u m e r o u s  i n t e r g r a n -  
u l a r  m i c r o c r a c k s  w e r e  o b s e r v e d  in  t h i s  m a t e r i a l  i n d i -  
c a t i n g  t h a t ,  a t  l e a s t  in  the  p r e s e n t  i n s t a n c e ,  c r a c k  
p r o p a g a t i o n  r a t h e r  t h a n  c r a c k  n u c l e a t i o n ,  w a s  the  
c r i t i c a l  e v e n t  l e a d i n g  to u l t i m a t e  f a i l u r e .  

T h e  m i c r o c r a c k s  o b s e r v e d  in  the  F e - T i  a l l o y s  w e r e  
t r a n s g r a n u l a r  in  c h a r a c t e r ,  F i g .  2. T h o s e  in  the  s o l i d -  
s o l u t i o n  a l l o y s  a p p e a r e d  to b e  i n i t i a t e d  a t  a t w i n - g r a i n  
b o u n d a r y  i n t e r a c t i o n .  In  a d d i t i o n ,  the  n u m b e r  of m i c r o -  
c r a c k s  in  t h e s e  a l l o y s  d e c r e a s e d  w i t h  i n c r e a s i n g  t e s t  
t e m p e r a t u r e ;  n o n e  w e r e  o b s e r v e d  a t  - 1 2 0 ~  F l o r e e n  
e t  a l .  7 r e c e n t l y  s h o w e d  t h a t  c l e a v a g e  i n i t i a t i o n  in  F e - N i  
a l l o y s  o r i g i n a t e s  f r o m  c r a c k e d  T i ( C , N )  p a r t i c l e s  l o -  
c a t e d  a t  g r a i n  b o u n d a r i e s .  T h e s e  o b s e r v a t i o n s  s u g g e s t  
t h a t ,  a t  - 1 9 5 ~  t w i n n i n g  a n d  m i c r o c r a c k  f o r m a t i o n  in  
t he  s o l i d - s o l u t i o n  F e - T i  a l l o y s  a r e  i n t i m a t e l y  r e l a t e d  
and  t h a t  the  T i ( C , N )  p a r t i c l e s  l y ing  on g r a i n  b o u n d -  
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