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The r e su l t s  obtained in invest igat ing the t h e r m a l  and e lec t r i ca l  conductivi t ies  and the t h e r m a l  
expansion in the 300-2200~ range  of the h o t - p r e s s e d  W + (8-9)%Cu pseudo al loy a r e  descr ibed .  
The effect  of copper  on the physical  p r o p e r t i e s  of the composi t ion is d i scussed .  

H o t - p r e s s e d  t u n g s t e n - c o p p e r  pseudo al loys a r e  used as s t ruc tu ra l  m a t e r i a l s  for  operat ion at high 
t e m p e r a t u r e s .  The i r  the rmophys ica l  and heat  c h a r a c t e r i s t i c s  mus t  be known in o r d e r  to use them c o r -  
r e c t l y  under  var ious  opera t ing conditions and p e r f o r m  engineer ing calculat ions of pa r t s  and units made of 
these  m a t e r i a l s .  

We a r e  concerned with the invest igat ion of a number  of physical  p r o p e r t i e s  of these  m a t e r i a l s  in a 
wide range of t e m p e r a t u r e s :  t h e r m a l  conductivi ty in the 3 70-2200~ range,  e l ec t r i ca l  conductivi ty in the 
300-1970~ range,  and t he rm a l  expansion in the ranges  f rom 300-870 ~ and f rom 1370-2200~ 

In invest igat ing the s t rength  c h a r a c t e r i s t i c s  of h o t - p r e s s e d  pseudo a l loys ,  it has been found that 
a l loys  whose  tungsten m a t r i x  has  a re la t ive  dens i ty  of not l e s s  than 0.78-0.82 d isp lay  suff icient ly g r e a t  
s t rength  and p las t ic i ty .  In connection with th is ,  the invest igat ions were  p e r f o r m e d  on spec imens  having the 
above m a t r i x  densi ty  and containing 8-9% by weight  copper .  The po ros i t y  of the spec imens  amounted to 
3-4%. 

Two methods were  used for  measu r ing  the t he rma l  conductivity:  the Kohlransch method [2-3], modi -  
fied to a ce r ta in  extent to allow for  the speci f ic  fea tu res  of the m a t e r i a l ,  was used in the range to 1300~ 
which made it poss ib le  to inc rease  the exper imenta l  a c c u r a c y  to 4%; the method of s t e ady - s t a t e  radiant  
heat  flux [4] was  used at  t e m p e r a t u r e s  above 1300~ 

In the f i r s t  case ,  a rod spec imen  with a d i a m e t e r  of 5 m m  and a length of 100 m m  was  heated by 
t r ansmi t t i ng  a cu r r en t  through it. The heat  loss  through its side su r face  was  e l iminated  by means  of a 
heated  tubular  s c r een ,  so that  heat  was  r emoved  only through its  end- faces .  

The t e m p e r a t u r e  was  m e a s u r e d  by means  of p l a t i n u m - p l a t i n o r h o d i u m  the rmocoup les  with a d ia-  
m e t e r  of 0.2 m m .  The invest igat ions w e r e  p e r f o r m e d  in vacuttm of 10 -4 m m  Hg. The e lec t r i ca l  conduct-  
ivi ty was m e a s u r e d  at the s ame  t ime as the t he rma l  conductivity.  

The t he rm a l  conductivity at t e m p e r a t u r e s  above 1300~ was de te rmined  by means  of r ing-shaped  
spec imens  with d i a m e t e r s  of 40/14 m m  and a width of 30 ram. A tungsten rod hea t e r  with a d i a m e t e r  of 
10 m m  and a length of 350 m m ,  heated by indus t r i a l - f r equency  a l te rna t ing  cu r ren t ,  was  placed inside the 
s p e c i m e n s .  The spec imens  were  posit ioned in the i so the rmic  zone and accura te ly  cen te red  with r e s p e c t  to 
the hea t e r .  This ensured  a uni form t h e r m a l  flux in the radia l  d i rec t ion of the spec imen .  

A column of five r ings  was a s s e m b l e d  in o r d e r  to e l iminate  the heat  loss  through the end- faces  of the 
spec imen .  The m e a s u r e m e n t s  w e r e  p e r f o r m e d  on the middle r ing (Fig. 1). As a r e su l t  of this  e x p e r i m e n t -  
al a r r a n g e m e n t ,  the re  was no axial  t e m p e r a t u r e  gradient  in the t e s t  zone of the spec imen  under inves t iga -  
tion. Before  s ta r t ing  the m e a s u r e m e n t s ,  we checked the t e m p e r a t u r e  constancy along each t e s t  spec imen 
by means  of a p y r o m e t e r  a f t e r  it was  heated to 1300-1400~ 
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Fig. 1. A r r a n g e m e n t  of the hea t e r  and the spec imen 
in measur ing  the the rma l  conductivity at  t e m p e r a t u r e s  
above 1300~ 1) Tungsten rod heater ;  2) specimens;  
3) holes for  p y r o m e t r i c  m e a s u r e m e n t s .  
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Fig. 2. E lec t r i ca l  conductivity a -  108, ~2 -1.  m -1 (a) and the rma l  
conductivity k, W/m* deg (b) as functions of the t e m p e r a t u r e  (T, 
~ 1 )Hot -p res sed  W + (8-9)%Cu; 2) solid tungsten. 

Two holes were  dr i l led  to different  depths in the i so the rmic  zone of the spec imen for  de termining 
the t e m p e r a t u r e  drop  along its radius .  A h igh -accu racy  OMP-054 optical  m i c r o p y r o m e t e r  was used.  
The accu racy  in de termining the t he rm a l  conductivity at t e m p e r a t u r e  above 1300~ was equal to 15%. The 
invest igat ions were  p e r f o r m e d  in a vacuum of 10 .3 m m  Hg. 

At t e m p e r a t u r e s  above 1300~ the e lec t r i ca l  conductivity was measu red  by using the two-probe  
method on cyl indrical  spec imens  with a d i ame te r  of 10 m m  and a length of 120 mm.  The poten t iomet r ie  
p robes  were  located in the spec imen ' s  i so the rmic  zone. The accu racy  in de termining  the e lec t r i ca l  r e s i s -  
t ivi ty  was not worse  than 4%. The h i gh - t empe ra tu r e  m e a s u r e m e n t s  were  p e r f o r m e d  on four to five spec i -  
ments .  F igure  2 shows the t e m p e r a t u r e  dependences of the t he rma l  and e lec t r i ca l  conductivi t ies  of the in-  
ves t igated h o t - p r e s s e d  t u n g s t e n - c o p p e r  pseudo alloy,  compensa ted  for  the s p e c i m e n ' s  poros i ty .  The 
m e a s u r e m e n t  resu l t s  for  the 370-1300~ and 1300-2200~ ranges  obtained by means  of the two methods a r e  
in good a g r e e m e n t  with each other .  At t e m p e r a t u r e s  close to 1300~ the m e a s u r e d  values a r e  v i r tua l ly  
identical.  F o r  compar i son ,  Fig. 2 a lso  shows the values of ~ and ~ for  solid tungsten bor rowed f rom [5]. 

I t  is evident f rom the f igures  that the t he rma l  and e lec t r ica l  conductivi t ies  of t u n g s t e n - c o p p e r  pseudo 
al loys a re  higher  than those of tungsten. The higher  conductivity of the pseudo alloys is due to the effect  of 
copper ,  whose c and k values in the solid s tate  exceed those of tungsten by a f ac to r  of 2.5-3.  The mono-  
tonic dec r ea se  of the conductivity in the range of 1320~ or  1330~ is due to the decay of these  c h a r a c t e r -  
i s t ics  in both copper  and tungsten. 

The s h a r p e r  reduction in the t he rma l  and e lec t r ica l  conduetivi t ies of pseudo al loys at t e m p e r a t u r e s  
above the mel t ing point of copper  is caused par t i a l ly  by a reduction in the conductivity of melt ing copper ,  
but p robab ly  for  the mos t  pa r t  by the outflow or  evaporat ion of copper  f rom pores  of the tungsten mat r ix .  

I t  should be noted that  intensive oozing and evaporat ion of copper  f rom the spec imens  is obse rved  at 
t e m p e r a t u r e s  above the melt ing point of copper ,  e spec ia l ly  at 1700-2200~ Analysis  shows that  the cop-  
pe r  content in spec imens  a f t e r  h igh - t empera tu re  invest igat ions is l e s s  than 2-3%. 

The coefficient  of t he rma l  expansion (CTE) of t u n g s t e n - c o p p e r  composi t ion in the t e m p e r a t u r e  range 
f rom 300 to 870~ was invest igated by means  of a Chevenard quar tz  d i l a tomete r  during the cooling as  well  
as the heating. The d i l a tomet r ic  curves  a re  a lmos t  l inear  in the 300-870~ range.  
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TABLE 1. Coefficient of Thermal  Expansion 
of the Hot -Pressed  W + (8-9)% Cu Pseudo Al- 
loy as a Function of Tempera ture  
-- a. 1o*- deg- i 

T, ~ 
W+(8--9) % Cu W f rom [7] 

300--870 6,9 4,8 
300--i370 8,2 5,3 
300--2200 7,5 6, 5 

At t empera tures  f rom 1300 to 2200~ the CTE 
of this mater ia l  was determined by means of the device 
descr ibed in [6] and cylindrical  graphite hea ters ,  inside 
which the specimens were placed. The tempera ture  
along the specimen 's  length was kept constant.  The 
variation of the speeimen 's  length during heating was 
monitored through longitudinal slots in the heater  by 
means of a KM-4 cathetometer  with respect  to the end- 
faces of the specimen,  which were  careful ly  machined 
for  this purpose.  The tempera tu re  of the specimen was 
determined by means of an optical m ic ropy rome te r  with 

respec t  to the ideal blackbody model through a hole with a depth- to-d iameter  ratio of 3, which was dril led 
in the side of the specimen. The accuracy  in measur ing the CTE was 4-5%. 

The measurements  were per formed in a vacuum of 10  -3 m m  Hg. The data given in Table 1 for the 
13 70-2200~ range were  obtained by averaging the measurement  resul ts  for  10 specimens.  

The given CTE values for the W + {8-9)% Cu composition exceed the CTE value for tungsten, which 
is due to the presence  of a considerable amount of copper,  whose thermal  expansion is much l a rge r  than 
that of tungsten, This effect is especial ly  noticeable near  the melting point of copper,  when its expansion 
reaches  the maximum. Hence the high CTE value of W + (8-9)% Cu in the 300-1370~ range, which is 
equal to 8.2 10 -6 deg -1. With continued heating beyond the melting point of copper,  the la t ter  evaporates 
intensively from the specimens,  whose copper  content diminishes.  At t empera tures  of the o rder  of 2200~ 
the effect of copper  on the thermal  expansion of the composition dec reases ,  and the CTE value of the W + (8- 
9)% Cu alloy approaches the CTE of tungsten. 

denotes the e lect r ical  conductivity; 
k is the thermal  conductivity; 
a is the coefficient of thermal  expansion. 
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