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The r e su l t s  of m e a s u r e m e n t s  of the t he rma l  diffusivity of ZrB 2 pla tes  a re  given. The spec i -  
mens were  obtained by the method of chemical  ga s -phase  deposition f rom a mixture  of Zr  and 
B halide vapors  with H 2 at  1200~ 

Zirconium diboride is a solid r e f r a c t o r y  compound with a melt ing point of 3040~ [1] and high me ta l -  
type e l ec t r i ca l  conductivity up to a t e m p e r a t u r e  of more than 2000~ [2]. This substance is used as  a hea t -  
r e s i s t an t  and re la t ive ly  f i r ep roof  ma te r i a l  or it~ the fo rm of pro tec t ive  coatings [3-5]. In view of this it is 
of in te res t  to invest igate its the rmophys ica l  p r o p e r t i e s , p a r t i c u l a r l y  the the rma l  diffusivity and conductivity 
at  high t e m p e r a t u r e s .  A p romis ing  method of fabr ica t ing a r t i c l e s  and coatings of z i rconium d[boride is 
chemical  g a s - p h a s e  deposition f rom a mixture  of z i rconium and boron hal[des with hydrogen [6], which p r o -  
vides monolithic p o r e - f r e e  mate r i a l  of high puri ty.  

In the p r e sen t  work we invest igated the the rma l  diffusivity of z i rconium diboride spec imens  obtained 
by this method at  1200~ in the same way as in [7]. Chemical  ana lys is  showed that the obtained z i rconium 
diboride contained 81.18 wt.% Zr and 19.10 wt.% B. X - r a y  analysis  showed that the spec imen contained 
only hexagonal ZrB 2 with lat t ice constants  a = 3.161 and c = 3.525 kX. The re la t ive  intensity of the l ines 
on the x - r a y  d i ag rams  indicated considerable  growth texture in which the c rys t a l  plane [00/] was or iented 
pa ra l l e l  to the deposition surface  (i. e . ,  normal  to the direct ion of m e a s u r e m e n t  of the t he rma l  diffusivity).  
The measu red  densi ty  of the spec imens  was 6.12 g/cm3; this is very  close to the theore t ica l  density of 
ZrB 2 [1] and indicates the absence  of pores  in the spec imens ,  which was conf i rmed by an investigation of 
thei r  m i c r o s t r u c t u r e  (Fig. 1). The e l ec t r i ca l  r e s i s t iv i ty  of the obtained z i rconium diboride spec imens  at 
room t e m p e r a t u r e  was 6.1-6.5 #~ �9 cm, which is s ignif icantly lower than published values [1, 8, 9] for  ZrB 2 
spec imens  obtained by powder meta l lu rgy  techniques (16.6-35 #~2 �9 cm), but a little higher than the figure 
given in [10] for ZrB 2 single c ry s t a l s  (2.9-3.4 t ~  " cm)~ This indicates that the pur i ty  and s t ruc tu re  of the 
invest igated ZrB 2 spec imens  were  sa t i s fac to ry .  

Fig. 1. Micros t ruc tu re  of 
pyroly t ic  z i rconium diboride 
spec imens  (• 500) (etched in 
an alcoholic HF solutionwith 
the addition of NH4SiF6). 
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Fig. 2. The rma l  diffusivity a,  m2/h of z i rconium diboride as func- 
tion of t e m p e r a t u r e  t, ~ 

Fig. 3. The rma l  conductivity ~, W / m - d e g  of z i rconium diboride as 
function of t e m p e r a t u r e  t, ~ 1 )p resen t  work  (pyrolytic ZrB 2 spec i -  
mens);  2 and 31 data of [14] and [13] (powder-meta l lurgy ZrB 2 spec i -  
mens) .  

The the rma l  dtffusivtty of the 0.30 mm thick z i rconium dibor[de pla tes  was measu red  in a vacuum 
(10 -5 mm Hg) in the t e m p e r a t u r e  range 1500-2300~ by a phase method, s imi l a r  to that descr ibed  in [11], 
in which the spec imen is heated by e lec t ron  bombardment .  The t e m p e r a t u r e  of the specimen was measu red  
with an OMP-043 microopt ica l  p y r o m e t e r .  For  convers ion of the br ightness  t empe ra tu r e  of the specimen 
to its t rue t e m p e r a t u r e  we used the emiss ion  coefficient e = 0.75 for  wavelength 0.65 m/z. 

The obtained resu l t s  of the t he rma l  diffusivity m e a s u r e m e n t s  a re  shown in Fig. 2. The f igure shows 
that the t he rma l  diffusivity of z i rconium diboride d e c r e a s e s  with t empe ra tu r e  inc rease ,  which is cha r ac -  
t e r i s t i c  of meta l  conductors with re la t ive ly  low res idual  e l ec t r i ca l  r e s i s t iv i ty ,  where  the main contribution 
to the t he rma l  conductivity and the rma l  diffusivity of the mate r ia l  is made by f ree  e lec t rons ,  and sca t te r ing  
on impur i t ies  and other defects  is of minor  impor tance  [12]. Using the data given in [13] for  the specif ic  
heat  of ZrB 2 we calculated the the rmal  conductivity ~ of pyro ly t ic  z i rconium diboride f rom the obtained ex-  
per imenta l  t he rma l  diffusivity data,  using the well-known re la t ionship  ~ = acT, where  7 is  the density of the 
ma te r i a l  and e is the specif ic heat.  

Figure 3 shows a plot of the obtained values against  t empera tu re .  The figure shows that the the rma l  
conductivity of ZrB 2 d e c r e a s e s  with t e m p e r a t u r e  increase  in the invest igated t e m p e r a t u r e  range,  which is 
a lso  cha rac t e r i s t i c  of meta l  conductors with low res idual  r e s i s t ance .  

For compar i son  Fig. 3 shows the data of Neel et al.  [13, 14] for the t he rma l  conductivity of ZrB 2 
spec imens  obtained by powder -me ta l lu rgy  techniques,  The lower values of the the rma l  conductivity of the 
powder -me ta l lu rgy  specimens  of z i rconium dtbortde in compar i son  with spec imens  obtained by g a s - p h a s e  
chemical  deposition, and the different  nature of the t e m p e r a t u r e  dependence of the t he rma l  conductivity of 
these spec imens  in the invest igated t empe ra tu r e  range,  can probably  be a t t r ibuted to the lower e lec t r i ca l  
conductivity of the power -m e t a l l u rgy  spec imens .  The low conductivity is probably  due to the p re sence  of 
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Fig. 4. X - r a y  d iag ram of z i rconium diboride spec imen,  heated by 
e lec t ron  bombardmen t  in vacuum (10 -5 ram) at 2200~ during m e a -  
su rement  of the t he rma l  diffusivity [1) ZrB2; 2) Zr; 3) ZrB]. 
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impurities and residual  porosi ty,  and also to the less perfec t  micros t ruc ture  of powder-meta l lurgy  speci -  
mens in comparison with the c rys ta l -or ien ted  specimens obtained by chemical gas-phase  deposition. 

Thermal  diffustvity measurements  at t empera tures  above 2300~ with our apparatus were impossible 
owing to the interaction of the ZrB 2 specimens with the tungsten holder. 

An x - r a y  analysis of the zirconium diboride specimens af ter  measurement  showed that the ZrB 2 la t -  
tice constants were prac t ica l ly  the same (a  =3.101; e = 3.531 kX), but the x - r a y  diagrams of specimens 
heated to tempera tures  above 2150~ showed, in addition to the ZrB 2 lines, weak lines of the cubic phase 
of zirconium monoboride (ZrB) with lattice constant 4.68 kX and metallic zirconium (Fig. 4), which indi- 
cates the onset of dissociation of zirconium diboride in vacuum at these tempera tures  and the loss of boron 
by evaporation. 
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