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Removing  the impur i t i e s  f r o m  tungsten i n c r e a s e s  i ts  ductility, and thus a study of the effect  of non-  
meta l l ic  inclusions on the br i t t le  f r a c t u r e  of tungsten is  of pa r t i cu l a r  impor tance  [1]. 

P r e v i o u s  s tudies  of the e ros ion  of ca s t  c o m m e r c i a l l y  pure  tungsten and i ts  a l loys in a single s t rong 
d ischarge  by low-vol tage  spa rk  showed, along with vapor iza t ion  of the tungsten mat r ix ,  fo rmat ion  of 
c r acks ,  and mel t ing  (with over  0.1 wt. % C), with e ros ion  of some types  of inclusions when the sample  is 
the anode. Four  types  of inclusions were  o bse rved  in cas t  c o m m e r c i a l l y  pure  tungsten - th ree  types  of 
p r i m a r y  and secondary  ca rb ides ,  sha rp -ang led  fa i r ly  c o a r s e  "g l a s se s "  (based on SiO2), and l a rge  round in-  
c lus ions  (based on A1203) that  a r e  eas i ly  dis t inguished on e tched or  unetched mie ro sec t i ons  at magn i f i ca -  
tions of x200 with s tandard  or  oblique i l lumination,  while inclusions of the fourth type, evidently different  
in composi t ion,  a r e  dis t inguishable only in po la r i zed  light. It is difficult to identify the inclusions due to 
the i r  smal l  size (less than 1-4 p) and difficult to obse rve  them in mic roscop i c  examinat ions  [2]. 

In this work we used  the e ros ion  of inclusions under  the influence of d i scharge  for  two types of inves -  
t igations:  17 spec t ra l  ana lys i s  of the m a t e r i a l  in the inclusion ex t rac ted  in the p l a s m a  during the par t ia l  
des t ruct ion of the inclusions;  2) m i c r o p r o b e  ana lys i s  of the inclusion re ta ined  in the meta l ,  the outl ines of 
which on the mic rosec t ion  are  c l ea r ly  r evea l ed  due to the e ros ion  under  the influence of the d ischarge .  

The c h a r a c t e r i s t i c  types  of e ros ion  of inclusions in tungsten are  shown in Fig. 1. The outward ap -  
pea rance  of secondary  ca rb ides  and "g l a s se s "  based  o n  S i O  2 (Fig. la) does not change a f t e r  a single spa rk  
d ischarge ,  although mel t ing would be expected.  There  is  a cons iderab le  group of inclusions not d is t inguish-  
able on the original  m i c ro s ec t i ons  with d i rec t  or  oblique i l lumination that evapora te  or  mel t  under  the in-  
fluence of the d ischarge ,  due to which hydrodynamic  eject ion of the inclusion ma te r i a l  occurs ,  with f o r m a -  
tion of co ronas  where  the m a t e r i a l  is deposi ted in the f o r m  of i r idescen t  f i lms  of condensed vapor s  of the 
inclusion m a t e r i a l  (Fig. la) or  spa t t e r ed  drople ts  (Fig. lb). Some inclusions a re  evidently e roded  to a l e s -  
s e r  extent and re ta in  the i r  or iginal  shape but a r e  c l ea r ly  dist inguishable in a r e a s  of the mic rosec t ion  sub-  
ject  to the effect  of the d ischarge  due to l a rge  evapora t ion  of the meta l  at the inc lus ion- -ma t r ix  in ter face  
(Fig. lc) .  

Mic roprobe  ana lys i s  with the MS-46 ana lyze r  showed that the i r idescen t  b o r d e r  around the inclusion 
(Fig. la) cons i s t s  of approx imate ly  30% sil icon, while the inclusion is r ich in a luminum (along with oxygen). 
The inclusions sur rounded  by spa t t e r ed  drople ts  (Fig. lb) contain ~30% Mg, with some a luminum (Fig. lc ,  
cu rve  3) and in some c a s e s  si l icon or  ca lc ium (Fig. lb).  The fine inclusions undergoing slight e ros ion  
(Fig. lc)  cons i s t  main ly  of a luminum and oxygen. The size of these inclusions does not exceed  5 #, which 
m a k e s  it imposs ib le  to de te rmine  the s to ich iomet r ic  composi t ion  f r o m  the data obtained by m i c r o p r o b e  
analys is .  However ,  it is poss ib le  to dist inguish which a re  the pr incipal  e l emen t s  and which a re  additional 
e lements .  

Spect ra l  ana lys i s  of m a t e r i a l  f r o m  the inclusion ex t rac ted  in the p l a s m a  during a single low-vol tage 
d ischarge  was conducted with the ISP-51 spec t rograph ,  with focused  d ischarge  at the gap of the s p e c t r o -  
graph in a i r  and in an a tmosphe re  of h igh-pur i ty  hel ium [3]. The quanti t ies of oxygen, hydrogen,  and n i -  
t rogen were  de te rmined  in a h e l i u m  a tmosphe re .  With a single d ischarge  (C --0320 #F, L = 10 opH) the va -  
por iza t ion  of tungsten is so slight that  even highly sensi t ive  l ines  WI 4008.75 A and WI 4659.9 A are  a lmo s t  
lacking, which grea t ly  fac i l i t a tes  the identif ication of par t i a l ly  des t royed  inclusions.  The inclusions f r e -  
quently contain O, Ca, A1, C, Ba, H, K, and Mg. 
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Fig. I. Erosion of inclusions in tungsten under the influence of a single 
discharge (x340) and distribution of elements in them. a) "Glass" in an 
inclusion containing aluminum and silicon; b) inclusion containing mag- 
nesium, silicon, aluminum, and calcium; c) inclusion containing alumi- 
num and oxygen. 

In tes ts  of different samples  of tungsten alloys in spark discharge (~0.5 sec with the same p a r a m e -  
ters)  the erosion of tungsten and the inclusions inc reases  - l ines of tungsten appear  in the spec t rum and 
the intensity of lines of other  e lements  increases ,  par t icu lar ly  oxygen, with a weak line of nitrogen NII 
3995 A, and in some cases  l ines of silicon. 

There are  differences in the pat terns  of e lements  observed  in the spec t rum of the spark discharge 
and in the microprobe  analysis  of the inclusions. Thus, there are  no lines of silicon in the spec t rum of the 
spark,  while the microprobe  analysis  shows a substantial number  of eroded and undamaged inclusions based 
on silicon. At the same time, it is impossible to obtain data on the presence  of hydrogen and nitrogen by 
means  of microprobe  analysis .  

Comparison of the resu l t s  of chemical ,  gas, spectral ,  and microprobe  analyses  and data on the mi -  
c ro s t ruc tu r e  leads to the conclusion that the inclusions in tungsten are  very  different in composit ion.  Car -  
bides, and also the l a rges t  inclusions of the oxide type, mainly silicon dioxide (sharp-angled "glasses")  or  
aluminum oxide (rounded), are the most  res i s tan t  to erosion.  Inclusions of more  complex composit ion,  
also containing silicon, aluminum, calcium, and magnesium, barium, and potassium, are  more  subject 
to erosion.  The lines of hydrogen and nitrogen observed  in the spect ra  of the inclusions conf i rm the p r e -  
vious assumption by us and by other invest igators  of the existence of inclusions of complex composit ion 
such as oxynitrides,  earboni t r ides ,  and oxyhydrides.  
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A re la t ionship  can be t r a c e d  between the data f r o m  spec t ra l  ana lys is  of inclusions and the r e su l t s  of 
spec t ra l  and chemica l  ana lys is  of m a s s i v e  s amp le s  for  aluminum, silicon, calc ium,  potass ium,  ba r ium,  
and magnes ium.  It is in te res t ing  that the s p ec t r a  of the inclusions show no l ines of the me ta l s  contained 
in kmgsten  - iron, t i tanium, z i rconium,  molybdenum, niobium, and others .  They are  evidently in solid 
solution or  en te r  into the composi t ion  of m o r e  e ros ion  r e s i s t an t  inclusions in smal l  quanti t ies.  

The des t ruct ion of fine re la t ive ly  low-mel t ing  inclusions in the grain  boundar ies  may  be one r eason  
for  the intensive format ion  of c r a c k s  in the g r a i n  boundar ies  of f i ne -g ra ined  tungsten [2]. 

C O N C L U S I O N S  

1. A single s t rong d ischarge  in an a tmosphe re  of h igh-pur i ty  hel ium or a i r  induces e ros ion  of non- 
meta l l ic  inclusions in tungsten, which p e r m i t s  spec t ra l  ana lys i s  of the inclusion ma te r i a l  ex t r ac t ed  in the 
p l a s m a  and also fac i l i ta tes  observa t ion  of inclusions on mic rosec t i ons  and mic rop robe  ana lys i s  of them. 

2. The mos t  e ros ion  r e s i s t a n t  inclusions in tungsten a r e  ca rb ides  and oxide inclusions such as SiO 2 
and A1203. Inclusions of m o r e  complex composi t ion,  containing silicon, a luminum, magnes ium,  ca lc ium,  
ba r ium,  and po ta s s ium together  a re  e roded  m o r e  eas i ly .  Metall ic impur i t i e s  (titanium, iron, z i rconium,  
and others)  a r e  found in the solid solution or  in negligible quant i t ies  in h igh-mel t ing  impur i t i es .  Along with 
ca rb ides  and oxides, there  a re  some inclusions with hydrogen and ni trogen,  p robab ly  of the type of ca rbon i -  
t r ides ,  0xyni t r ides ,  o r  oxyhydrides.  
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