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The fracture surface of industrial tungsten wires containing potassium second phases 
were investigated by AES. The average size and number of potassium second phases were 
determined by TEM. Potassium was the main component of the fracture surface and its amount 
varied on the differently heat treated wires. Utilizing the TEM results the average surface 
concentration was estimated supposing that the fracture is independent of the potassium second 
phases. The measured value was higher showing that the fracture path is partly determined by 
the potassium second phases. 

The high surface concentration of the potassium was explained by surface diffusion. 

Introduct ion  

h is widely accep ted  t h a t  b o t h  grain b o u n d a r y  segregat ions and  second 
phases  p lay  a dom i nan t  tole in the  mechanica l  behav iour  of  metals .  The 
detect ion of second phases  wi th  electron microprobe  is r a the r  difficult  (of 
even impossible),  i f  the  dimensions of  the  second phases are v e r y  small.  In  a 
previous  work  [1] i t  was shown t h a t  the  chemical  na tu re  of  the  second phases 
responsible for the  f rac ture  can be de te rmined  b y  the highly surface sensit ive 
AES.  In  [1] all conclusions were based  on two assumpt ions  a) the po tass ium 
a toms  diffuse f rom the three  dimensional  second phases onto the  free surface 
and  form there  a quas i - two-dimensional  layer ,  b) the  size and  the  form of 
the  po tass ium second phases  ate  the  "wel l  aceep ted"  ones [2]. In  this paper  
the  va l id i ty  of  these assumpt ions  will be inves t iga ted .  

Experimenta l  

The tungs t en  samples  were f r ac tu red  in situ in a Auger  electron spec- 
t roscope.  The b a c k g r o u n d  pressure was lower t h a n  10-s  Pa.  The  Auger spect ra  
were recorded b y  a usual  cylindrical  mir ror  analyser  ( R I B E R  OPC 103). 
The  beam cur ren t  was general ly abou t  1 /xA with  a d iamete r  of 60 /~m, Ep = 
3 kV. 

The samples  were f rac tured  at  var ious  t empera tu re s  in the  range  of 
100--300 K.  Dur ing  the  Auger  measu remen t s  the  t e m p e r a t u r e  of  the  sample  
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holder  could be var ied  froin 100 K to 500 K. I t  was also possible to w a r m  up  
the  sample  to room t e m p e r a t u r e  in a shor t  t ime  (2 - -5  min). 

The following tungs t en  samples  were inves t iga ted:  
a) sintered rod,  and  wires wi th  d iamete rs  of 0.9 and 0.3 m m  in "as  

rece ived"  s ta te ;  
b) wires wi th  d i ame te r  of  0.3 m m  af ter  var ious  kinds of  hea t  t r e a t m e n t  

(see Table  I) .  

Table I 

Annealing parameters of wires with a diameter of 0.3 mm 

Sample 

A 
B 

C 

Annealing 

temperature (K) time (sec) 

1300 
2100 
3000 

300 
2400 
100 

The samples  were f rac tu red  perpendicular  to their  axis. As the  "as  receiv- 
e d "  wires were too ducti le to f rac ture  t h e m  in this w a y  at  r oom t e m p e r a t u r e ,  
t h e y  were f rac tured  below the  ductile br i t t le  t rans i t ion  t empe ra tu r e .  The 
hea t  t r ea t ed  wires and  the  sintered rod could be easily f rac tu red  at  r oom 
t e m p e r a t u r e  perpendicular  to thei r  axis, a l though  in m a n y  cases also these 
samples  were f r ac tu red  at  lower t empe ra tu r e s  in order to l imit  the  surface 
diffusion of potass ium.  

R e s u l t s  

I r  the  samples were f rac tu red  at  higher t empe ra tu r e s  (i. e. above  220 K),  
the  Auger  signal of  the  po t a s s ium was cons tan t  dur ing the measu remen t .  On 
the  other  hand,  ir the  samples  were f r ac tu red  a t  low enough t empe ra tu r e s ,  
the  surface concent ra t ion  of the  po tass ium was defini tely smaller  10 minutes  
af ter  the f rac ture  (i. e. at  the  momen t ,  when  the f irst  Auger spec t rum could 
be recorded) t han  the  corresponding " c o n s t a n t "  signal coming f rom samples  
f r ac tu red  a t  higher t empe ra tu r e s .  F u r t h e r m o r e  af ter  low t e m p e r a t u r e  frac- 
t u t e  the  Auger  signal was n o t a t  all cons tan t  b u t  it increased slowly. If, a f te r  
a shor t  measur ing  t ime  (15- -20  ruin) the  f rac tu re  surface was hea t ed  up  
to  250 K,  the  surface concent ra t ion  of po ta s s ium increased in a re la t ive ly  
shor t  t ime  to a cons tan t  value,  which was rough ly  equal  to the  surface con- 
cen t ra t ion  of the wires f r ac tu red  at  room t e m p e r a t u r e .  In  Table  I I  the  "con-  
s t a n t "  surface concent ra t ions  of po tass ium in var ious  s ta tes  are summar ized .  
All these da ta  ate connec ted  with  f rac tures  a t  t e m p e r a t u r e s  higher t h a n  250 K.  
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Table II 

Potassium concentration ranges on the fracture surface of tungsten samples 

Potassium concentration 
Sample ranges in monolayer 

units 

Sintered rod 

0,9 wire 

0,3 m m  wire "as received" 

A 

B 

C 

1.4 --2.0 

1.9-2.7 

1.6 2.4 

0.9 1.2 

0.3--0.7 

0.2--0.4 

D i s c u s s i o n  

During fracture, potassium second phases are opened up, i .e .  they 
become connected to the free surface investigated by AES. In [1], it was 
suggested that  at room temperatures the potassium diffuses from the inclu- 
sion opened by the fracture along the surface. In this way the surface con- 
centration of potassium will depend, of course, on the size and form of the 
potassium second phases. 

The size and shape of the potassium second phases varies drastically 
during swaging, drawing and annealing. According to the electronmicrographs 
the potassium second phases in the "as received" wires are elongated parallel 
to the axis of the wires and their length amounts to some q According to 
Fig. 1, after a slight heat treatment these elongated second phases are partially 
broken off and form shorter elongated parts and/or bubbles. In sample B 
(Fig. 2) and C there are only bubbles. In these samples the potassium Auger 
signal decreased as the annealing proceeded. This is in very good agreement 
with the Auger resuhs and supports the belief that  the fracturing path is going 
through the potassium second phases. 

In [1] the surface diffusion data available were discussed. I t  was shown 
that  the surface diffusion is generally fast enough to explain our resuhs. In 
the following an experimental verification of the diffusion model will be given. 
The most important experimental fact supporting the diffusion model is the 
slow increase of the potassium signal after fracture. 

At 250 K even some minutes are enough to deplete the inclusions and 
thus the potassium Auger signal during the AES investigation must remain 
constant, as observed. But at 100 K the depletion time will be longer due to 
the reduced diffusivity, and therefore the potassium Auger signal will increase 
during the measurement. Really, in the first spectrum recorded about 10 minu- 
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Fig. 1. Longitudinal micrograph of sample A, illustrating the bubbles and elongated rods 
characteristic for the partially annealed states of severely drawn doped tungsten 

Fig. 2. Longitudinal micrograph of sample B, illustrating the bubble rows in a well 
annealed state 
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tes after  the 100 K fracture  the potass ium Auger signal amoun ted  only  20-- 
40o/o of the Auger signal of similar samples f rac tured  at 250 K. 

Let  us tu rn  now to a more serious question:  Does the to ta l  amoun t  of 
the potassium detected  on the surface originate from threc-dimensional  second 
phases.9 In principle the amount  originat ing from three-dimensional  second 
phases can be de termined  by  measuring the depleting t ime at various tempe- 
ratures.  The deplet ion t ime (tR) of bubbles with a radius of R is defined b y  

the  equat ion:  
E 

R 3 = ~ d ' D 0 " e  kT .tR ' (1) 

where d is the average thickness of the potassium surface layer,  ~ is a constant ,  
the  value of which can be determined by  the solution of the diffusion equation,  
D o and E are the  unknown preexponent ia l  factor  and the act ivat ion energy 
of the surface diffusion, respectively.  The main problem is t h a t  at higher tem- 
peratures  t n is r a the r  small and thus  we have not  enough measured da ta  for 

f i t t in  g. 
In  sintered rods and in thicker  wires the second phases are roughly  as 

much  larger as the  d iameter  of the  specimen [2]. According to Eq.  (1), the 
depletion t ime increases ve ry  much as R increases. At any  given t empera tu re  
the rat io of the deplet ion times for the bubbles in sintered rods and in wires 
of  0.3. mm radius is: 

tR~wire) __ /R(wire)/3 

tR'(roct) , R~-~roa). (2) 

and thus e. g. at 100 K the depletion t ime for a bubble in the  sintered rod 
will be ex t remely  large. The potassium surface concentra t ion on the f rac tured 
surface of sintered rods (as given in Table  II)  is, however,  higher than  for the 
wires with a d iameter  of 0.3 mm. I f  the sintered rod was f rac tured  at  100 K,  
the potassium surface concentra t ion amoun ted  to 25% of tha t  af ter  high tem- 
pera ture  f racture .  This rat io is similar to  t h a t  found  in the case of thin wires. 
This means, however,  that- Eq.  (2) is not  valid for this case; i. e. in the sintered 
rod only par t  of the potassium originates f rom the three-dimensional  potas- 
sium second phases. The other  par t  of potassium must  be on the surface 
already at the v e r y  momen t  of the f racture .  

We must  conclude, therefore,  t ha t  in sintered rods two kinds of potas- 
sium exist. One kind forros three-dimensional  second phases, while the other  
builds quasi- two-dimensional  second phases. This conclusion is in good agree- 
ment  with the suggestion [3] t ha t  in sintered rods two kinds of potassium 
exist  namely " a c t i v e "  and "non -ac t i ve" ,  ir one supposes t h a t  in the sintered 
bodies some par t  of the potassium forms small bubbles,  while the other  par t  
is absorbed on the surface of large voids. 
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Conclusions 

I r  was expe r imen ta l ly  ver if ied t h a t  po ta s s ium diffusion takes  place 
a f te r  the  f racture .  Compar ing  the  po ta s s ium Auger  signal on s intered rods 
and  thin  wires, we have  shown t h a t  a t  least  in s intered rods the  po t a s s ium 
exists  in two forros: in the  f i rs t  case po t a s s ium forms  three-d imensional  se- 
cond phases  and in the  second one, it is p r e s e n t a s  an (absorbed ?) layer .  
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