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I n t r o d u c t i o n  

The po lymer i za t ion  of methane, or o t h e r  low-molecular weiqht hydrocarbons ,  i n  
t h e  presence  o f  electrical d i s c h a r g e s  or i n  low tempera ture  plasmas, has  been 
t h e  s u b j e c t  of  a l a r q e  number of r e p o r t s  i n  t h e  l i t e r a t , u r e  (1-3). 
f e a t u r e s  a r e  t h e  o p e r a t i o n  under vacuum and t h e  product ion  of r a d i c a l s  
d i f f u s i n q  towards  t h e  r e a c t o r  wal l  wi th  subseauent  po lymer i za t ion  t o  a s o l i d  
product .  The 
po lymer i za t ion  of hydrocarbons  can be i n i t i a t e d  t.hrouah t h e  p o s i t i v e - i o n  
molecule type  r e a c t i o n  and t h e  r a d i c a l  molecule type  r e a c t i o n  (4). 
ca thode  is a medium of h ioh  i n t e r e s t  f o r  o e n e r a t i n o  a !arqe c o n c e n t r a t i o n  of  
h iqhly  e n e r q e t i c  e l e c t r o n s ,  l ead inq  t o  t h e  p o s s i b l e  format ion  of CHI,+ i ons .  

P re l imina ry  resul ts  ob ta ined  i n  t h i s  l a b  ( 5 - 6 )  have shown t h a t  methane 
conve r s ion  can  be e f f e c t e d  us inq  a hollow ca thode  a s  t h e  sou rce  of polymer 
i n i t i a t o r s .  
ca thode  meta l  used (Tungsten, Tantalum and a Tungsten-Platinum s o l i d  s o l u t i o n )  
a s  wel l  a s  t h e  i n f l u e n c e  on t h e  y i e l d  of  t h e  qas  used a s  a d i l u e n t  (a rgon  and 
he l ium) .  

Theory 

Within t h e  hollow ca thode ,  an atom or molecule  is i o n i z e d  fo l lowing  energy  
t r a n s f e r s  r e s u l t i n g  from atom - e l e c t r o n  c o l l i s i o n s  or charqe  t r a n s f e r  ( 7 ) .  
With mix tu res  of A r - C t i ~ ,  and He- CHI, ,  t h e  i o n i z a t i o n  s t e p  of .methane  t a k e s  
p l a c e  acco rd ing  t o  t h e  r e a c t i o n s :  

Common 

The gas  phase  is q e n e r a l l y  composed of hydrocarbons up t o  C5. 

The hol low 

The p r e s e n t  work i n v e s t i q a t e s  t h e  e f f e c t s  on t h e  p rocess  of  t h e  

Ar + e + Ar+ + 2e ( 1 )  
Ar++ CHI, + A r  + CH4+ (2)  

Also ,  a r aon  m e t a s t a b l e s  3P2 (11.54 eV) and 3Po (11.72 eV) can  be qene ra t ed :  

Ar + e + A r *  + e ( 3 )  
A r *  + CHI, + Ar + CHI,+ + e (4) 

S i m i l a r  r e a c t i o n s  may occur wi th  He* which p r e s e n t s  a me tas t ab le  level a t  19.8 
eV, t h i s  p a r t i c l e  be ina  then  much more e n e r s e t i c  than  t h e  a rqon  me tas t ab le s .  
The po lymer i za t ion  then  proceeds  fo l lowing  t h e  equa t ion :  

CHI,+ + CHI, * C2Hn+ + n/2 H2 ( 5 )  

t h e  cha in  r e a c t i o n  y i e l d i n g  CmH+n. Termina t ion  of t h e  process  occur s  when 
low v e l o c i t y  e l e c t r o n s  a r e  a v a i l a b l e :  
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The s t e p s  d e s c r i b e d  a r e  not unique and low v e l o c i t y  e l e c t r o n s  c a n  a l s o  l e a d  t o  
t h e  format ion  of r a d i c a l s ,  t h i s  l i k e l y  o c c u r r i n g  a t  t h e  o u t l e t  o f  t h e  c a t h o d e :  

CH4 + e + CH3* + H* + e 

CH3* + CH4 + Hf + C2Hg + H2 ( 7 )  

and t h e  p r o c e s s  c o n t i n u e s  through hydroqen a b s t r a c t i o n .  

Experimental  

The r e a c t o r  is shown i n  F i g u r e  1.  I t  c o n s i s t e d  mainly of an a r c  d i s c h a r q e  wi th  
a c y l i n d r i c a l  hollow ca thode  4 cm lonq and 0.2 cm t h i c k .  The c a t h o d e  m a t e r i a l s  
used were t u n g s t e n ,  a s o l i d  s o l u t i o n  of t u n g s t e n  and p la t inum and f i n a l l y  
tan ta lum.  The anode was made o f  s t a i n l e s s  steel wi th  a water -cooled  t u n a s t e n  
d i s c h a r g e  t i p .  The e l e c t r o d e s  were l o c a t e d  i n  a c o o l i n q  chamber where t h e  
polymer obt.ained was c o l l e c t e d  on t h e  water -cooled  w a l l s .  A Var ian  Inl5SL 
quadrupole  mass s p e c t r o q r a p h  was used f o r  t h e  e f f l u e n t  g a s  a n a l y s i s .  Hiqh 
p u r i t y  arqon and chemical pure  (99.9% p u r i t y )  met.hane were used i n  m i x t u r e s  up 
t o  25% methane by volume. Dependinq on t h e  experiment., t h e  e l e c t r o d e  gap was 
a d j u s t e d  between 1 . 5  and 4.0 mm. 
whi le  t h e  a r c  d i s c h a r g e  was s t a r t e d  and t h e  r e q u i r e d  methane flow added t o  t h e  
main arqon s t ream.  
t h e  pre-determined c o n d i t i o n s .  The d u r a t i o n  of an exper iment  was t y p i c a l l y  10  
minutes and t h e  i n i t i a l  ad jus tments  l a s t e d  about 30 seconds .  A t  t h e  end o f  t h e  
run, t h e  polymer d e p o s i t e d  on t h e  cooled  w a l l  of t h e  r e a c t o r  was c o l l e c t e d ,  
t o q e t h e r  wi th  t h e  carbon appear inq  on t h e  e l e c t r o d e s .  They were weighed t o  t h e  
n e a r e s t  20.1 mg. 

R e s u l t s  and D i s c u s s i o n  

The main product  r e s u l t i n g  from t h e  convers ion ,  o f  methane u s i n g  t h e  hollow 
ca thode  is a s o l i d  polymer. F i g u r e  2 i l l u s t r a t e s  t h e  r e l a t i o n s h i p  between 
polymer y i e l d ,  d e f i n e d  a s  weiqht of polymer/weight of methane f e d ,  and E/P (E = 
e l e c t r i c  f i e l d  between e l e c t r o d e s ,  V-cm-'; Ps p r e s s u r e ,  T o r r ) .  T h i s  y i e l d  is a 
f u n c t i o n  of t h e  averaqe  e l e c t r o n  energy. 
50% h i q h e r  i n  helium t h a n  i n  arqon, t h e  cor respondinq  E/P v a l u e  f o r  helium 
being about  twice t h e  one r e q u i r e d  f o r  argon. 
ob ta ined  wi th  helium a r e  p o s s i b l y  r e l a t e d  t.o a h i q h e r  r a t e  of format ion  o f  
CH4+. For i n s t a n c e :  

The ca thode  f u r n a c e  was a d j u s t e d  t o  2400°K 

F u r t h e r  a d j u s t m e n t s  were t h e n  made i n  o r d e r  t o  o p e r a t e  a t  

The maximum polymer y i e l d  is about 

The h i g h e r  polymer y i e l d s  

He* + CHI, + CH4" + 2e 
CH4-H + CHI, * 2 CH4+ 

(8) 
(9) 

t a k i n q  i n t o  account t h e  presence  of t h e  h i q h l y  e n e r q e t i c  He+ ( i o n i z a t i o n  
v o l t a q e  24.6V) and He* (19 .W).  

When Helium is used a s  d i l u e n t  h i q h e r  CH, c o n c e n t r a t i o n s  do not  seem t o  
s i q n i f i c a n t l y  a f f e c t  t h e  maximum polymer y i e l d  ( F i g u r e  3 ) .  In a rqon ,  i n c r e a s e s  
i n  methane c o n c e n t r a t i o n  l e a d  t o  d e c r e a s i n q  polymer y i e l d s  a s  shown i n  F i q u r e  4 
curve  2 B. 
i n c r e a s i n g  t h e  ca thode  v o l t a q e .  
a c e t y l e n e  and e t h y l e n e  were found i n  t h e  g a s  phase which is probably t h e  r e s u l t  
of p r o p a q a t i o n  r e a c t i o n  s t e p s  havinq been i n t e r r u p t e d  by t e r m i n a t i o n  r e a c t i o n s  
with slow e l e c t r o n s  or r a d i c a l s  recombinat,ion. 

Higher polymer y i e l d s  can be o b t a i n e d  a t  h igh  c o n c e n t r a t i o n  by 
A t  h i g h  methane c o n c e n t r a t i o n  only  methane, 

' I  

261 



Another i n t e r e s t i n g  f e a t u r e  observed i n  t h e  c a s e  of CHt+/He mix tures  is t h e  
complete absence  of ca rbon  d e p o s i t s .  The hydrocarbon s p e c i e s  p re sen t  a r e  
c h a r a c t e r i z e d  by h i q h e r  d i f f u s i v i t i e s  i n  He than  i n  Ar ( A ) .  
r e spons ib l e  f o r  h i q h e r  d e p o s i t i o n  r a t e s  of  t h e  hydrocarbon s p e c i e s  p r e s e n t  i n  
t h e  gas phase on t h e  r e a c t o r  wall. I t  cou ld  a l s o ,  at. l e a s t  p a r t l y ,  e x p l a i n  t h e  
dec reas inq  e f f e c t  of c o m p e t i t i v e  r e a c t i o n s  l e a d i n g  t o  t h e  format ion  of carbon 
when argon i s  used as a d i l u e n t  gas.  

Res ides  t u n g s t e n  (work f u n c t i o n  Ow = 4.6 eV), t an ta lum (Qa= 4.1 eV) and a 
tungs ten-p la t inum s o l i d  s o l u t i o n  were used t o  s tudy  t h e  i n f l u e n c e  of ca thode  
m a t e r i a l  on polymer y i e l d .  The work f u n c t i o n  of  t h e  W-Pt ca thode  was e v a l u a t e d  
t o  be 6.5 eV. Th i s  result compares r a t h e r  c l o s e l y  wi th  t h e  6 .3  eV ob ta ined  f o r  
t h e  P t  ca thode .  

These ca thodes  were t e s t e d  wi th  Ar+CHt, mix tures .  F i g u r e  4 i l l u s t r a t e s  t h e  
compara t ive  behaviour  of W-Pt and W ca thodes .  For 10% CHI, m ix tu res  a h i ah  
y i e l d  is ob ta ined  f o r  t h e  W-Pt ca thode ,  t h e  y i e l d  dec reas ing  wi th  i n c r e a s i n g  
e l e c t r o n s  energy  ( c u r v e  IA). 
i n c r e a s i n g  e l e c t r o n  ene rgy  f o r  bo th  t h e  W-Pt and t h e  W ca thodes  (Curve If3 and 
2 8 ) .  
lower conve r s ions ,  a l though  t h e  behaviour  of y i e l d  v s  E/P  is t h e  same (cu rves  
2A and 2R).  

The c u r r e n t  d e n s i t y  f o r  t h e  W-Pt ca thode  is es t ima ted  t o  be 10% t h a t  ob ta ined  
wi th  the  W ca thode .  The d r i f t  v e l o c i t y  be ing  similar i n  both c a s e s ,  one would 
expec t  a lower e l e c t r o n  c o n c e n t r a t i o n  (o f  t h e  same enerqy)  f o r  W-Pt ca thodes .  
A s  a conseauence, lower  rates of  format ion  of  po lymer i za t ion  promotors and 
lower polymer y i e l d s  shou ld  be obta ined  wi th  t h e  W-Pt cat,hode compared t o  t h e  W 
ca thode .  To e x p l a i n  t h e  h ighe r  y i e l d s  observed  t h e  assumption is then  made 
t h a t  the W-Pt ca thode  s u r f a c e  does  p lay  a c a t a l y t i c  r o l e  whose c o n t r i b u t i o n  
i n c r e a s e s  a5  e l e c t r o n  enerqy d e c r e a s e s  ( 6 ) .  
hehaviour of t an ta lum and tungs t en  ca thodes .  Althouqh t h e  thermoemissive 
c h a r a c t e r s  of Ta and W a r e  r a t h e r  s i m i l a r ,  t an t a lum does  show only an i n c r e a s e  
i n  y i e l d  w i t h  a co r re spond inq  i n c r e a s e  of  e l e c t r o n  enerqy (curve  IC, F igu re  
6 ) . I t  is p o s s i b l e  t h a t  c a t a l y t i c  e f f e c t s  a r e  absent  i n  t h i s  c a s e ,  i n  o p p o s i t i o n  
t o  t h e  tunqs t en  behaviour  ( cu rve  2A). 

This  may be 

For t h e  25% CHI, m ix tu re  t h e  y i e l d  i n c r e a s e s  wi th  

Tungsten c a t h o d e s  o p e r a t i n g  a t  the same c o n d i t i o n s  show s i g n i f i c a n t l y  

F iqu re  5 shows t h e  relative 

Conclusion 

Using helium i n s t e a d  of  argon i n  t h e  polymer iza t ion  of methane, by means of a 
hollow ca thode ,  i n c r e a s e s  t h e  r a t e  of  po lymer i za t ion  and suppres ses  carbon 
format ion .  These c o n c l u s i o n s  only apply t o  law methane c o n c e n t r a t i o n s  (10%). 
Tungsten ( I ) ,  t a n t a l u m  ( 2 )  and a s o l i d  s o l u t i o n  tungs ten-p la t inum (3 )  have been 
used f o r  making hol low ca thodes .  
c o l l i s i o n a l  p r o c e s s e s ,  ca thodes  1 and 3 seem t o  p l ay  a c a t a l y t i c  r o l e  i n  t h e  
format ion  of po lymer i za t ion  promoters.  In  t h i s  r e s p e c t ,  ca thode  3 shows h igh  
y i e l d s  of polymer format ion .  
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Fiqure 1 Outside ,view o f  reactor 

1 -  GAS METER 
2 -  GAS MIXER 
3 -  MANOMETER 
4 -  VACWM G A E  
5- ENCLOSURE UNDER VACWM 
6-  COOLING WATER 
7- TO VACUUM PUMP 
8 -  MIXTURE ARGON-METHANE 
9 -  OUTLET 64s 
10- VACUUM PUMP 
11- OVEN 
12- WARTZ WINOOW 
13-14 TRANSFORMER - RECTIFIER 
15- VARIAC 
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Figure 2. EFFECT OF GAS DILUENT 
10% methane i n  argon Conditions; tungsten cathode 

Cap=O. 15. 0.25, 0.40 cm 
Cathode temperature- 2600 K 
Pressure= 5 Torr 

B 10% methane i n  helium 
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Figure 3. EFFECT OF METHANE CONCENTRATION 
A IOX methane in helium 

20% methane i n  helium 
Conditions os i n  Fig. I 
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Figure 4. EFFECT OF CATHODE MATERIAL  
----,-I 

Conditions os in Fig. 1. 
0 18: Y-Pt cathode; 25% mothano 

2A; Y cathode: 10% methono 
28: Y cathode8 25% nothono 

diluent is argon 
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Figure 5. BEHAVIOR OF TANTALUM CATHODE 
1 

o. IC: To cathode: 10% methane 
0 2A: Same os in Fig. 4 
28: Same as in Fig. 4 

Conditions os in Fig. 4 
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