
temperature may help to clarify how stacking fault
energy is affected by temperature.
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Fracture Topography--Microstructure
Correlations in the SEM

J. C. CHESNUTT AND R. A. SPURLING

The ability t o observe simultaneously fracture
features and the underlying microstructure is a tre-
mendous a s s e t in studies directed towards the defini-
tion of the relationship of fatigue and fracture prop-
e r t i e s t o fracture topography and microstructure.
The availability of the scanning electron microscope
(SEM), which is capable of extending microstructural
resolution far beyond that of an optical microscope
and which has sufficient depth of focus t o permit sim-
ultaneous viewing of fractures and underlying m i c r o -
structures, has prompted development of techniques
for preparing specimens suitable for such s i m u l -
taneous viewing. A technique which has been used
previously is one in which the fracture surface of a
specimen is protected by a suitable m a t e r i a l and the
specimen subsequently sectioned, polished and etched
on a plane perpendicular to the fracture path.1 The
technique suffers from two deficiencies, 1) edge
rounding at the fracture-metallographic section edge
may occur, obliterating some desirable features, and
2) r e m o v a l of the mounting m a t e r i a l r e q u i r e s con-
siderable care in o r d e r not t o damage the fracture
f a c e . Shechtman2 has suggested a technique for pre-
p a r i n g titanium alloy specimens which partially o v e r -
comes t h e s e drawbacks, but which re l i e s heavily on
differential polishing of the a and/3 phases. This
communication describes a technique which is
basically a refinement of Shechtman's technique
and which permits considerable latitude for polishing
and etching depending on the s c a l e of the m i c r o -
structure b e i n g examined and the degree of m i c r o -
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structural resolution desired. This technique, there-
fore, can be applied t o literally any structural mate-
rial which can be electropolished.

The fracture surface t o be examined is cut into a
convenient size for use in the SEM and the a reas of
the fracture surface which will be examined are pro-
tected by stop off lacquer. The exposed fracture sur-
face is then electropolished u s i n g the method which is
detailed l a t e r in the communication. One method for
stopping off the fracture face is t o use a circular drop
of lacquer. This leads t o a c i r c u l a r plateau of un-
altered fracture surface which permits observation
of the underlying microstructure in a plane parallel
to, or perpendicular to, the macroscopic direction of
c r a c k propagation, or at any other location around
the periphery of the plateau. A second effective
method of stopping off the a reas to be examined is t o
apply a s t r i p of lacquer parallel to the m a c r o -
scopic d i r e c t ion of c r a c k propagation. This method
permits examination of fatigue fractures over s e v e r a l
o r d e r s of magnitude in growth r a t e . A schematic of
both methods of stopping off the fracture surface is
shown in Fig. l(a), with details of a typical spot shown
in Fig. l(b).

P r i o r to application of the stop off lacquer (Stoner-
Mudge Lacquer) the f r a c t u r e surface is ultrasonically
cleaned in acetone. We obtain the best lacquer ad-
hesion if the electropolishing and etching is done
within an hour following the lacquer application. T o
demonstrate the technique, both lacquered s t r ips and
s m a l l round patches are u s e d . A convenient specimen
size is one which has an exposed area for electro-
polishing of 1 cm2 or l e s s .

ORIGINAL FRACTURE SURFACE~ [-ELECTROPOLISHEDAREA

(a)

DCP"
(b )

Fig. 1-Schematic of methods of stopping off a r e a s to be e x -
amined: (a) overall specimen; (b) details of a typical spot.
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F i g . 2 - - F a t i g u e f r a c t u r e of Ti-6A1-4V in a recrystallization
annealed condition t e s t e d at R = 0.1 and 20 Hz in d r y a i r , AK
= 9.9 M N / m 3/2, d a / d N = 2.5 × 10-6 m m / c y c l e .

E l e c t r o p o l i s h i n g o f t h e e x p o s e d f r a c t u r e d s u r f a c e
i s c a r r i e d out u s i n g a n e l e c t r o l y t e d e v e l o p e d f o r T t
t h i n f o i l p r e p a r a t i o n f l T h i s e l e c t r o l y t e c o n s i s t s o f 5
p c t H2SO4 by v o l u m e in m e t h a n o l c o o l e d t o 238 K .
T h e p o l i s h i n g o p e r a t i o n i s p e r f o r m e d f o r 1 m i n a t 14
v o l t s D C u s i n g a P t c a t h o d e in a s l o w l y s t i r r e d s o l u -
t i o n . I m m e d i a t e l y f o l l o w i n g e l e c t r o p o l i s h i n g t h e s p e c i -
m e n i s w a s h e d in m e t h a n o l a n d d r i e d . T h e p o l i s h e d
a r e a i s e t c h e d f o r 15 s , u s i n g e q u a l p a r t s of 1 p c t H F
a n d 10 p c t o x a l i c a c i d s o l u t i o n s . T h e s p e c i m e n i s
t h e n w a s h e d w i t h w a t e r a n d c l e a n e d u l t r a s o n i c a l l y in
a c e t o n e t o r e m o v e the l a c q u e r . A f i n a l r i n s e in f r e s h
a c e t o n e i s u s e d t o e n s u r e a c l e a n s u r f a c e .

E x a m p l e s of t h e t e c h n i q u e a s a p p l i e d t o T i - 6 A 1 - 4 V
( T i - 6 - 4 ) a n d T i - 6 A 1 - 2 S n - 4 Z r - 6 M o ( T i - 6 - 2 - 4 - 6 ) a r e

F i g . 3 - - F r a c t u r e s u r f a c e of a f r a c t u r e t o u g h n e s s s p e c i m e n
of Ti-6A1-4V in a STOA condition. Note the transition r e -
gion (arrows) b e t w e e n the f a t i g u e p r e c r a c k and the t e n s i l e
f a s t - f r a c t u r e r e g i o n s .

s h o w n in t h e f o l l o w i n g f i g u r e s . F i g . 2 s h o w s a p o r t i o n
o f a f a t i g u e f r a c t u r e f r o m a T i - 6 - 4 s p e c i m e n in a r e -
c r y s t a l l i z a t i o n a n n e a l c o n d i t i o n . * T h i s f i g u r e s h o w s

*Details of processing and resultant properties for all microstmctures discussed
are found in Ref. 4 .

c r a c k p r o p a g a t i o n by c y c l i c c l e a v a g e of p r i m a r y a
( d a r k e r g r e y e q u i a x e d g r a i n s ) a n d t e a r i n g o f t h e
t r a n s f o r m e d ~ . T h e t r a n s i t i o n f r o m c y c l i c c l e a v a g e
t o t e a r i n g c a n c l e a r l y be s e e n in F i g . 2 ( b ) . F i g . 3
was o b t a i n e d f r o m a p l a n e - s t r a i n f r a c t u r e - t o u g h n e s s
s p e c i m e n ( K i c ) o f T i - 6 - 4 in a n S T O A c o n d i t i o n a n d
s h o w s t h e r e g i o n ( a r r o w s ) o f t h e p r e c r a c k t o f a s t
f r a c t u r e t r a n s i t i o n ; l i t t l e c h a n g e o f s u r f a c e t o p o g r a p h y
i s n o t e d . F i g . 4 s h o w s t h e d i f f e r e n c e in f r a c t u r e
t o p o g r a p h y in a / f l v s fl p r o c e s s e d T i - 6 - 2 - 4 - 6 . In t h e
a / f i p r o c e s s e d m a t e r i a l ( F i g . 4 ( a ) ) , t h e f a t i g u e c r a c k
p r o p a g a t e s p r i m a r i l y by t e a r i n g a n d a p p e a r s t o do so
w i t h o u t m u c h e f f e c t f r o m t h e u n d e r l y i n g m i c r o s t r u c -
t u r e . O n t h e o t h e r h a n d , in t h e fi p r o c e s s e d m a t e r i a l
( F i g . 4 ( b ) ) , t h e e f f e c t of m i c r o s t r u c t u r e c a n c l e a r l y
be s e e n in t h e f o r m of c o n s i d e r a b l e s e c o n d a r y c r a c k -
i n g a l o n g W i d m a n s t / ~ t t e n oL/fi i n t e r f a c e s . I n F i g . 5 t h e
d e t a i l s of t h i s s e c o n d a r y c r a c k i n g c a n be s e e n , es -
p e c i a l l y in t h e p o l i s h e d p o r t i o n of t h e s p e c i m e n s h o w n
in F i g . 5 ( b ) .

T w o f u r t h e r c o m m e n t s s e e m a p p r o p r i a t e . T h e use
of n o n l i n e a r ( g a m m a ) s i g n a l a m p l i f i c a t i o n a s s u g g e s t e d
by S h e c h t m a n d o e s i n d e e d r e d u c e t h e b r i g h t l i n e a t
t h e edge j o i n i n g the f r a c t u r e f a c e a n d t h e m i c r o s t r u c -
r u r a l p o r t i o n o f t h e i m a g e , but i t m a y a l so r e d u c e
s i g n i f i c a n t l y t h e r e s o l u t i o n of l i g h t l y e t c h e d m i c r o -
s t r u c t u r e s . F o r a m a j o r i t y o f t h e m i c r o g r a p h s in t h i s
p a p e r , l i n e a r a m p l i f i c a t i o n was u s e d . T h e s e c o n d p o i n t
i s that w i t h t h e S E M o p e r a t i n g in t h e n o r m a l c o n t r a s t
m o d e , t h e c o n t r a s t of t h e p o l i s h e d a n d e t c h e d m i c r o -
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Fig. 4 - - F a t i g u e f r a c t u r e 0f-Ti-6A1-2Sn-4Zr-6Mo t e s t e d at
R = 0.1 and 20 Hz in d r y a i r : (a) ~/ f l p r o c e s s e d m a t e r i a l ,
£xK = 4.5 M N / m 322, da/ /dN = 2.5 X 10-6 m m / c y c l e ; (b) /3 p r o -
c e s s e d m a t e r i a l , £XK = 5.0 M N / m 3/~, d a / d N = 2.5 X 10-4 m m /
cycle.

s t r u c t u r e i s r e v e r s e d f r o m that of i n c i d e n t l i g h t m i -
c r o g r a p h s in that ot p h a s e a p p e a r s a d a r k e r g r e y than
/3 p h a s e .

I n c o n c l u s i o n , we h a v e s h o w n by e x a m p l e t h e p o w e r -
f u l n a t u r e of t h i s t e c h n i q u e f o r t w o ot +/3 t i t a n i u m
a l l o y s . T h e s e e x a m p l e s c o m p r i s e only a s m a l l f r a c -
t i o n o f t h e t i t a n i u m a l l o y s we h a v e e x a m i n e d u s i n g
t h i s t e c h n i q u e . T h e t e c h n i q u e h a s p r o v e n to be g e n e r -
a l l y a p p l i c a b l e t o a n y m a t e r i a l w h i c h c a n be e l e c t r o -
p o l i s h e d a n d p r o m i s e s to be v e r y h e l p f u l in e l u c i d a t i n g

F i g . 5--Fatigue f r a c t u r e of Ti-6A1-2Sn-4Zr-6Mo t e s t e d at R
= 0.3 and 20 Hz in d r y a i r , £XK = 3.5 M N / m 322, d a / d N = 2.5
X 10-4 r a m / c y c l e .

t h e r e l a t i o n s h i p b e t w e e n f r a c t u r e t o p o g r a p h y a n d m i -
c r o s t r u c t u r e .

T h i s t e c h n i q u e was d e v e l o p e d u n d e r A i r F o r c e C o n -
t r a c t No. F 3 3 6 1 5 - 7 4 - C - 5 0 6 7 .
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