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In te rn a l Friction in Vanadium After 
H eating at Low A ir  Pressure

Edington and Smallman [1 ] have studied, using 
electron microscopy techniques, polycrystalline 
©  1969 Chapman and H all Ltd.

samples of vanadium  after heating at low air 
pressures. They report the existence of a body- 
centred tetragonal phase similar to  the ¿8-phase 
with a high concentration o f twins. They also 
observed, on cooling from  1300° C, a martensitic
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transform ation.
During the preparation of polycrystalline 

vanadium  samples with different am ounts of 
oxygen, intended for internal friction studies, we 
observed the presence o f microstructures which 
are similar to  those, reported by Edington and 
Smallman [1], and which were obtained after 
heating for 10 to 24 h in an air pressure of 5 x  
10~3 torr.

Fig. 1 shows the experimental arrangement. A 
wire, approximately 60 cm in length, was heated 
by passing an electric current through it. After
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grain structure with precipitates in the matrix 
(fig. 2). In  wires annealed at 1300 to 1400° C two 
different structures were observed. Fig. 3 corre­
sponds to region A of fig. 1 and is characterised

Figure 2 M ic ro s tru c tu re  o f a w ire  a n n e a le d  a t 900° C  
s h o w in g  an  e q u ia x ia l g ra in  s tru c tu re  w ith  p re c ip ita te s  in 
th e  m atrix  (x 220).

Figure 3 M ic ro s tru c tu re  o f a  w ire  fro m  reg io n  A  (fig . 1) 
w h e re  a h igh  c o n c e n tra tio n  o f tw in s  is o b s e rve d  ( x  220).

Figure 1 E xp erim e n ta l a rra n g e m e n t fo r  p re p a ra tio n  of 
th e  s a m p le s .

annealing for 10 to  24 h at 1300 to 1400° C it was 
quenched by turning off the current. The 
tem perature was measured with an optical pyro­
meter in the region marked with X  in the figure. 
Then the samples were electropolished with a 
solution containing 10% perchloric acid and 
90 % butyl cellosolve with an applied voltage of 
20 V and continuous stirring.

Replicas o f  the wires were obtained by 
following the m ethod described by Jacquet [2],

Wires annealed a t 900° C show an equiaxed 
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by a high concentration o f twins. Fig. 4 shows 
the region B where martensite-like needles are 
present. In fig. 5 an intermediate region between 
A  and B is presented showing a mixture of twins 
and martensite-like needles.

According to  the literature [3, 4] the picture 
of region A would correspond to the ^3-phase of 
the system vanadium  oxygen which has an 
ordered body-centred tetragonal structure and 
exists, below 1270° C, in the composition range 
from  15 to 22 at. % oxygen. The bounded 
structures are characteristic o f the lower oxygen 
limits o f the phase field. The observed martensite- 
like transform ation product would support the
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Figure 4 M ic ro s tru c tu re  of a  w ire  fro m  reg io n  B (fig . 1) 
s h o w in g  th e  m a r te n s itic -lik e  n e e d le s  ( x  110).

Figure 5 M ic ro s tru c tu re  o f an  in te rm e d ia te  reg ion  
b e tw e e n  A  an d  B w h e re  b o th  s tru c tu re s  a re  ob s e rve d  
(x  220).

conclusion o f Seybolt and Sumsion [4] about the 
existence of a phase stable at high temperature 
due to the presence of impurities.

The measurements o f internal friction and 
squared frequency (which is proportional to the 
modulus) between room tem perature and 550° C, 
carried out using an inverted torsion pendulum, 
show:
(a) In fig. 6 the two internal friction peaks 
corresponding to oxygen and nitrogen are 
observed around 170° C and 260° C in the “ as 
received” sample. From  the height of the maxi­
mum, the concentrations are deduced to be 
0.19 at. % and 0.12 at. % for oxygen and 
nitrogen respectively.
(b) In fig. 7, which corresponds to samples from 
the A region o f fig. 1, a new internal friction peak 
appears at approximately 390° C for a frequency

at room  tem perature o f 0.72 c/s, with the 
following features:
(i) Its activation energy AH,  determined by 
measuring the shift in the tem perature o f the 
maximum which accompanies a variation in 
frequency, is 51000 ±  5000 cal/mol (fig. 8).
(ii) The half-width o f the peak does not corres­
pond to a process with a single relaxation time 
and the observed t 0 is 4.8 X  10-17 sec.
(iii) The modulus relaxation is about 20% 
(fig- 7).

In order to explain the observed peak, two 
possible mechanisms are discussed: (a) stress- 
induced interstitial ordering, and (b) movement 
o f twin interfaces.

The peak, as mentioned before, does not have 
a single relaxation time. The measured value for 
A H  is too large and it seems unreasonable to 
associate it with interstitial diffusion. In addi­
tion, the modulus relaxation is about three times 
larger than the value which would correspond to 
the observed internal friction maximum. For all 
these reasons we reject the first mechanism.

Internal friction due to stress relaxation at 
twin boundaries has been observed in pure 
metals and alloys [5, 6, 7], Zener [8, 9] has 
shown how shear stress acting on a twin inter­
face induces an anelastic effect. The twin inter­
face adjusts its position so as to  minimise the 
applied stress. As the stress changes, the con­
tinuous rearrangem ent o f the twin interface pro­
duces anelastic effects characterised by a large 
relaxation of the modulus. In  our case the ratio 
of relaxed to unrelaxed modulus is about 0.8, 
which agrees with values quoted by Zener [8].

The lack of a model able to explain quan tita ­
tively this mechanism o f movement of twins 
makes this interpretation appear somehow 
speculative; however it is the most reasonable if 
one takes into account the abnorm ally high 
modulus relaxation which takes place at the 
maximum of internal friction.
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Figure 6 In te rn a l fr ic tio n  a n d  s q u a re d  fre q u e n c y  o f an  a s -re c e iv e d  s a m p le .

Figure 7  In te rn a l fr ic tio n  an d  s q u a re d  fre q u e n c y  of a w ire  fro m  reg io n  A  a fte r  th e  th e rm a l tre a tm e n t. T h e  S n o e k  
peaks d u e  to  oxygen  an d  n itro g e n  have d is a p p e a re d .
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Figure 8 P lo t o f log  /  vs 1/7" fro m  w h e re  a v a lu e  H  =
(51 000 ±  5000) c a l/m o l is  o b ta in e d . T h e  q u o te d  va lu e s  
fo r  th e  fre q u e n c ie s  c o rre s p o n d  to  th e  fre q u e n c ie s  a t th e  
m a x im u m  o f in te rn a l fr ic tio n .
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