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©  High-pressure  gas  discharge  lamp. 

  The  high-pressure  gas  discharge  lamp  according  to  the 
invention  provided  with  a  ceramic  lamp  vessel  has  at  least 
one  current  lead-in  member  which  consists  of  an  electrically 
conducting  sinter  body  (7).  The  sinter  body  (7)  has  ceramic 
granules  which  are  embedded  in  an  electrically  conducting 
mass  of interlocking  networks  of  ceramic  material  and  metal 
respectively. 



The  i n v e n t i o n   r e l a t e s   to  a  h i g h - p r e s s u r e   g a s  

d i s c h a r g e   lamp  p r o v i d e d   w i t h   a  t r a n s l u c e n t   t u b u l a r   c e r a m i c  

lamp  v e s s e l   w h i c h   i s   s e a l e d   in   a  v a c u u m - t i g h t   m a n n e r ,   w h i c h  

a c c o m m o d a t e s   a  p a i r   of  e l e c t r o d e s   and   an  i o n i z a b l e   g a s  

f i l l i n g ,   and  w h i c h   i s   p r o v i d e d   a t   i t s   e n d s   w i t h   c u r r e n t  

l e a d - i n   c o n d u c t o r s   e a c h   c o n n e c t e d   to  a  r e s p e c t i v e   e l e c t r o d e  

and  to  a  r e s p e c t i v e   e x t e r n a l   c u r r e n t   c o n d u c t o r ,   a t   l e a s t  

one  c u r r e n t   l e a d - i n   c o n d u c t o r   c o n s i s t i n g   of  an  e l e c t r i c a l l y  

c o n d u c t i n g   s i n t e r   b o d y   w h i c h   c o n t a i n s   m e t a l   p a r t i c l e s  

b e t w e e n   c e r a m i c   g r a n u l e s .   Such   a  lamp  i s   known  f r o m  

US  P a t e n t   No.  4 , 1 5 5 , 7 5 8 .  

C e r a m i c   lamp  v e s s e l s   a r e   u s e d   in   lamp  t y p e s   i n  

w h i c h   d u r i n g   o p e r a t i o n   t h e   lamp  v e s s e l   i s   g i v e n   a  v e r y   h i g h  

t e m p e r a t u r e ,   f o r   e x a m p l e   900  C   or  h i g h e r .   As  e x a m p l e s   a r e  

m e n t i o n e d   h i g h - p r e s s u r e   s o d i u m   d i s c h a r g e   l a m p s   and  h i g h -  

p r e s s u r e   m e r c u r y   d i s c h a r g e   l a m p s   w i t h   h a l i d e   a d d i t i o n s .  

The  t e r m   " c e r a m i c   l amp  v e s s e l s "   i s   to  be  u n d e r s t o o d   to  m e a n  

h e r e i n   lamp  v e s s e l s   w h i c h   c o m p r i s e   m o n o c r y s t a l l i n e   o r  

p o l y c r y s t a l l i n e   m a t e r i a l ,   s u c h   a s ,   f o r   e x a m p l e ,   t r a n s l u c e n t  

g a s - t i g h t   a l u m i n i u m   o x i d e ,   m a g n e s i u m   a l u m i n a t e ,   y t t r i u m  

o x i d e ,   y t t r i u m   a l u m i n i u m   g a r n e t   and  s a p p h i r e .   The  p o l y -  

c r y s t a l l i n e   m a t e r i a l   may  c o n t a i n   one  or  more  a d d i t i o n s  

w h i c h   i n f u e n c e   the   s i n t e r i n g   p r o c e s s   by  w h i c h   the   l a m p  

v e s s e l   i s   f o r m e d ,   f o r   e x a m p l e   in   t h e   c a s e   of  a l u m i n i u m  

o x i d e :   m a g n e s i u m   o x i d e   a n d / o r   y t t r i u m   o x i d e   in   a  q u a n t i t y  

of  a  few  h u n d r e d t h s   of  a  p e r   c e n t .  

B o t h   t he   c o n s t i t u e n t s   of  t he   i o n i z a b l e   gas   f i l l i n g  

of  a  h i g h - p r e s s u r e   d i s c h a r g e   lamp  and   t h e   c o e f f i c i e n t   o f  

t h e r m a l   e x p a n s i o n   of   t he   m a t e r i a l   of  t h e   lamp  v e s s e l   i m p o s e  

s t r i n g e n t   l i m i t a t i o n s   on  m e t a l s   w h i c h   can   be  u s e d   to  c o n -  

s t i t u t e ,   in   t he   fo rm  of   t u b e s ,   w i r e s   or  h o o d s   c u r r e n t  

l e a d - i n   m e m b e r s   in   t h e   l a m p .   In   l a m p s   d e s t i n e d   to  b e  



o p e r a t e d   w i t h   t h e   e l e c t r o d e   p a i r   in   a  v e r t i c a l   p o s i t i o n ,  

one  of   t h e   c u r r e n t   l e a d - i n   c o n d u c t o r s ,   f o r   e x a m p l e   t h e   u p p e r  

c o n d u c t o r ,   i s   s o m e t i m e s   s u b j e c t e d   to  a  more  a g r e s s i v e   m e d i u m  

t h a n   t h e   o t h e r   c o n d u c t o r .   As  a  r e s u l t ,   in   t h e s e   l a m p s   t h e  

c h o i c e   of   m a t e r i a l   f o r   t h e   one  c u r r e n t   l e a d - i n   m e m b e r   i s   m o r e  

s t r o n g l y   l i m i t e d   t h a n   f o r   t h e   o t h e r   c o n d u c t o r .   The  m e t a l  

w h i c h   i s   u s e d   mos t   f r e q u e n t l y   f o r   a  c u r r e n t   l e a d - i n   m e m b e r ,  

i . e .   n i o b i u m ,   h a s   t he   d i s a d v a n t a g e   t h a t   i t   i s   v e r y   e x p e n s i v e .  

I n   t he   lamp  a c c o r d i n g   to  t he   s a i d   US  P a t e n t  

S p e c i f i c a t i o n ,   a  s o - c a l l e d   c e r m e t   i s   u s e d   as  c u r r e n t   l e a d - i n  

m e m b e r .   The  c e r a m i c   g r a n u l e s   of   t h e   c e r m e t   may  c o n s i s t   of  t h e  

same  or   of  a  s i m i l a r   m a t e r i a l   as  t he   lamp  v e s s e l .   The  m e t a l  

w i t h   i t s   d e v i a t i n g   c o e f f i c i e n t   of   t h e r m a l   e x p a n s i o n   i s  

p r e s e n t ,   d i s p e r s e d   b e t w e e n   t h e s e   g r a n u l e s ,   in   a  g i v e n   v o l u m e  

f r a c t i o n .   W i t h   c o n d u c t i n g   c e r m e t s   a c c o r d i n g   to  t h i s   P a t e n t  

S p e c i f i c a t i o n ,   as  t he   d i m e n s i o n s   of  t h e   c e r a m i c   g r a n u l e s  

a r e   l a r g e r ,   t he   v o l u m e   f r a c t i o n   of  m e t a l   can   be  s m a l l e r .  

N e v e r t h e l e s s ,   a t   l e a s t   4 . 5  %   by  v o l u m e   of  m e t a l   h a s   to  b e  

p r e s e n t   to  o b t a i n   a  c o n d u c t i n g   c e r m e t   e v e n   w i t h   t h e   u se   o f  

l a r g e   g r a n u l e s   ( 4 0 0 - 8 0 0   / u m ) .   I n   the   s a i d   S p e c i f i c a t i o n   i t  

i s   t h e r e f o r e   p o i n t e d   ou t   t h a t   f i n e   c e r a m i c   p a r t i c l e s   h a v e  

to  be  a v o i d e d   in   o r d e r   to   u t i l i z e   the   m e t a l   p o w d e r   to  t h e  

o p t i m u m .  

A c c o r d i n g   to  t he   a f o r e m e n t i o n e d   P a t e n t   S p e c i f i c a t i o n  

t he   c e r a m i c   g r a n u l e s   a r e   c o a t e d   w i t h   a  u n i f o r m   l a y e r   o f  

m e t a l   p o w d e r .   In   t h e   c e r m e t ,   t h e   c o a t i n g   l a y e r s   t o g e t h e r  

c o n s t i t u t e   a  s e p a r a t e   c o n t i n u o u s   p h a s e   w h i c h   h a s   t h e   f o r m  

of  a  t h r e e - d i m e n s i o n a l   n e t w o r k   of   m e t a l   and  i n   w h i c h   t h e  

c e r a m i c   g r a n u l e s   a r e   d i s p e r s e d   as  a  d i s c o n t i n u o u s   p h a s e .  
I f   t he   c e r a m i c   g r a n u l e s   a r e   s m a l l   or  i f   f i n e   p a r t i c l e s   a r e  

p r e s e n t   b e t w e e n   t h e   c e r a m i c   g r a n u l e s ,   t he   same  v o l u m e   o f  

c e r a m i c   m a t e r i a l   r e q u i r e s   a  l a r g e r   q u a n t i t y   of  m e t a l   p o w d e r  

to  p r o v i d e   t he   c e r a m i c   g r a i n s   w i t h   a  u n i f o r m   c o a t i n g   o f  

m e t a l   p o w d e r .  

E v e n   w i t h   t he   u s e   of   l a r g e   g r a n u l e s   ( 4 0 0 - 8 0 0   / u m ) ,  
t h e   c o n d u c t i v i t y   of   t he   c e r m e t   a c c o r d i n g   to  t h e   s a i d  

US  P a t e n t   S p e c i f i c a t i o n   i s   s t i l l   v e r y   s m a l l .   F o r   a  c e r m e t  



c o m p r i s i n g   t h e s e   l a r g e   g r a n u l e s   and   4 . 5  %   by  v o l u m e   o f  

t u n g s t e n   p o w d e r ,   a  r e s i s t i v i t y   of   6  Ohm.cm  i s   s t a t e d .  

Such   a  c e r m e t   u s e d   as  c u r r e n t   l e a d - i n   c o n d u c t o r   l e a d s   t o  

h i g h   p o w e r   l o s s e s .   An  a d d i t i o n a l   d i s a d v a n t a g e   i s   t h a t   l a r g e  

g r a n u l e s   c a n n o t   be  u s e d   when  the   c u r r e n t   l e a d - i n   member   h a s  

a t   l e a s t   one  d i m e n s i o n   w h i c h   i s   n o t   much  l a r g e r   t h a n   t h e  

d i a m e t e r   of  t he   g r a n u l e s .   I f   t he   c u r r e n t   l e a d - i n   member   h a s  

one  or  more   s m a l l   d i m e n s i o n s ,   s m a l l   g r a n u l e s   and  h e n c e   a  

l a r g e r   v o l u m e   f r a c t i o n   of  m e t a l   h a s   to  be  u s e d .  

E s p e c i a l l y   i f   t he   t h e r m a l   c o e f f i c i e n t   of  t h e r m a l  

e x p a n s i o n   of  t he   m e t a l   d e v i a t e s   s t r o n g l y   f rom  t h a t   of  t h e  

c e r a m i c   m a t e r i a l ,   a  l a r g e   v o l u m e   f r a c t i o n   of  m e t a l   i s   d i s -  

a d v a n t a g e o u s ,   h o w e v e r .   S t r e s s e s   can   t h e n   i m p a i r   t he   v a c u u m -  

t i g h t   s e a l   of  t he   lamp  v e s s e l .  

The  i n v e n t i o n   has   f o r   i t s   o b j e c t   to  p r o v i d e   a  l a m p  

of  t h e   k i n d   d e s c r i b e d   in   the   o p e n i n g   p a r a g r a p h ,   in   w h i c h  

the   s i n t e r   b o d y   of  t h e   c u r r e n t   l e a d - i n   c o n d u c t o r ( s )   h a s   a  

h i g h   c o n d u c t i v i t y ,   even   w i t h   t he   u s e   of  c o m p a r a t i v e l y   s m a l l  

g r a n u l e s   and  a  s m a l l   v o l u m e   f r a c t i o n   of  m e t a l   p a r t i c l e s ,   a n d  

a  g r e a t   s t r e n g t h .  

A c c o r d i n g   to  t he   i n v e n t i o n ,   in   a  h i g h - p r e s s u r e  

gas   d i s c h a r g e   lamp  of  the   k i n d   d e s c r i b e d   in   the   o p e n i n g  

p a r a g r a p h   t h i s   o b j e c t   i s   a c h i e v e d   i n   t h a t   t he   s i n t e r   b o d y  

of  t h e   c u r r e n t   l e a d - i n   c o n d u c t o r   c o n t a i n s   c e r a m i c   g r a n u l e s ,  

w h i c h   a r e   e m b e d d e d   in   an  e l e c t r i c a l l y   c o n d u c t i n g   mass   o f  

i n t e r l o c k i n g   n e t w o r k s   of  c e r a m i c   m a t e r i a l   and  m e t a l  

r e s p e c t i v e l y .  

In   t he   lamp  a c c o r d i n g   to  t h e   i n v e n t i o n ,   c u r r e n t   i s  

s u p p l i e d   to  t he   e l e c t r o d e   by  a  n e t w o r k   of   m e t a l   t r a c k s   w h i c h  

i s   i n t e r w o v e n   w i t h   a  n e t w o r k   of  c e r a m i c   m a t e r i a l .   T h e s e  

i n t e r l o c k i n g   n e t w o r k s   t o g e t h e r   c o n s t i t u t e   t h e   c o n t i n u o u s  

c o n d u c t i n g   p h a s e   of  the   s i n t e r   b o d y .   T h i s   p h a s e   i s   t h e r e f o r e  

i n h o m o g e n e o u s ,   w h i c h   i s   in   c o n t r a s t   w i t h   t h e   c o n t i n u o u s  

p h a s e   of  t h e   s i n t e r   body   a c c o r d i n g   to  t he   a b o v e m e n t i o n e d  

US  P a t e n t   S p e c i f i c a t i o n ,   in   w h i c h   t h i s   p h a s e   c o n s i s t s  

e n t i r e l y   of  m e t a l .   Due  to  t he   f a c t   t h a t   t h e   mass  of  t h e  

c o n t i n u o u s   p h a s e   c o n s i s t s   of  m e t a l   o n l y   f o r   a  v o l u m e  



f r a c t i o n ,   t h i s   mass   h a s   i n   t h e r m a l   r e s p e c t s   to   a  v e r y  
c o n s i d e r a b l e   e x t e n t   t h e   p r o p e r t i e s   of  c e r a m i c   m a t e r i a l ,  

b u t   i t   b e h a v e s   in   e l e c t r i c a l   r e s p e c t s   l i k e   a  m e t a l .   In   t h i s  

c o n d u c t i n g   mass   t h e r e   a r e   f o r m e d   c a v i t i e s   w h i c h   a re   f i l l e d  

w i t h   c e r a m i c   g r a n u l e s .   As  a  r e s u l t ,   t h e   v o l u m e   f r a c t i o n   o f  

m e t a l   of   t he   s i n t e r   b o d y   i s   s m a l l   and  much  s m a l l e r   t h a n  

t h a t   of  t h e   c o n d u c t i n g   m a s s .   The  s i n t e r   b o d y   c o n s e q u e n t l y  

b e h a v e s   in   t h e r m a l   r e s p e c t s   ( t h e r m a l   c o n d u c t i v i t y   a n d  

c o e f f i c i e n t   of  t h e r m a l   e x p a n s i o n )   s u b s t a n t i a l l y   l i k e   c e r a m i c  

m a t e r i a l ,   w h i l e   i t   h a s   in   e l e c t r i c a l   r e s p e c t s   t he   p r o p e r t i e s  

of  m e t a l .  

I t   i s   e s s e n t i a l   t h a t   t h e  c o n t i n u o u s   c o n d u c t i n g  

p h a s e   in   t he   c u r r e n t   l e a d - i n   c o n d u c t o r s   of  t h e   l a m p  

a c c o r d i n g   to  t he   i n v e n t i o n   d o e s   n o t   c o n s i s t   e n t i r e l y   n o r  

s u b s t a n t i a l l y   e n t i r e l y   of  m e t a l ,   b u t   o n l y   f o r   a  g i v e n  

v o l u m e   f r a c t i o n .   T h i s   f r a c t i o n   g e n e r a l l y   l i e s   b e t w e e n   15  

and  60  %,  m o s t l y   b e t w e e n   20  and  50  %.  W i t h   l o w e r   v o l u m e  

f r a c t i o n s   of  m e t a l   in   t h e   c o n t i n u o u s   p h a s e ,   t he   c o n d u c t i v i t y  

of  t h i s   p h a s e   i s   l o s t ;   w i t h   h i g h e r   v o l u m e   f r a c t i o n s   t h e  

s t r e n g t h   of  t he   s i n t e r   b o d i e s   s t r o n g l y   d e c r e a s e s   and  t h e i r  

v a c u u m - t i g h t n e s s   i s   i m p a i r e d .  

In  v i e w   of   t h e   f a c t   t h a t   t h i s   c o n d u c t i n g   p h a s e  

can   be  up  to  f i v e   to  s i x   t i m e s   as  v o l u m i n o u s   as  t h e  

q u a n t i t y   of  m e t a l   i n c o r p o r a t e d   t h e r e i n ,   i n   t h i s   c o n d u c t i n g  

p h a s e ,   w h i l s t   m a i n t a i n i n g   a  h i g h   c o n d u c t i v i t y ,   a  l a r g e r  

v o l u m e   of  c e r a m i c   g r a n u l e s   can  be  i n c o r p o r a t e d   t h a n   w h e n  

t he   c o n d u c t i n g   p h a s e   c o n s i s t s   of  t h e   same  q u a n t i t y   o f  

u n m i x e d   m e t a l ,   as  i s   t h e   c a s e   a c c o r d i n g   to  t h e   s a i d  

US  P a t e n t   S p e c i f i c a t i o n .   As  a  r e s u l t ,   t h e   s i n t e r   body   i n  

t he   l amp  a c c o r d i n g   to  t h e   i n v e n t i o n   can   c o n t a i n   a  v e r y  
s m a l l   v o l u m e   f r a c t i o n   of   m e t a l   b u t   n e v e r t h e l e s s   can  h a v e  

a  v e r y   h i g h   c o n d u c t i v i t y .  

In   v e r y   f a v o u r a b l e   e m b o d i m e n t s ,   t h e   v o l u m e  

f r a c t i o n   of  t he   m e t a l   in   the   c o n t i n u o u s   c o n d u c t i n g   p h a s e  

i s   30  ±  5  %.  I n   t h e s e   e m b o d i m e n t s ,   on  t h e   one  h a n d   t h e  

v o l u m e   f r a c t i o n   of  m e t a l   in   t h e   c o n t i n u o u s   c o n d u c t i n g   p h a s e  

i s   so  low  t h a t   t he   v o l u m e   of  t h i s   p h a s e   i s   a b o u t   t h r e e   t o  



f o u r   t i m e s   l a r g e r   t h a n   t h e   v o l u m e   of  t he   q u a n t i t y   of   m e t a l  

i n c o r p o r a t e d   t h e r e i n ,   and   as  a  r e s u l t   a  l a r g e   v o l u m e   o f  

g r a n u l e s   can  be  i n c o r p o r a t e d   t h e r e i n .   On  t h e   o t h e r   h a n d ,  

in   t h e s e   e m b o d i m e n t s   t h e   v o l u m e   f r a c t i o n   of  m e t a l   in   t h e  

c o n t i n u o u s   c o n d u c t i n g   p h a s e   i s   s t i l l   so  l a r g e   t h a t   t h e  

s i n t e r   b o d i e s   o b t a i n e d   h a v e   a  v e r y   low  r e s i s t i v i t y   c o m b i n e d  

w i t h   a  v e r y   low  v o l u m e   f r a c t i o n   of  m e t a l   in   t h e s e   b o d i e s .  

The  t e r m   " v o l u m e   f r a c t i o n "   w i t h   r e s p e c t   to  t h e  

s i n t e r   body   of  t h e   lamp  a c c o r d i n g   to  t he   i n v e n t i o n   i s   to  b e  

u n d e r s t o o d   to  mean :   t he   r a t i o   of  the   v o l u m e   of  a  c o n s t i t u e n t ,  

f o r   e x a m p l e   t he   m e t a l ,   to  t he   sum  of  the   v o l u m e s   of  c o n -  

s t i t u e n t s ,   c a l c u l a t e d   to  t he   t h e o r e t i c a l   d e n s i t i e s   of  t h e  

p u r e   c o n s t i t u e n t s .  

In   g e n e r a l ,   g r a n u l e s   h a v i n g   d i m e n s i o n s   b e t w e e n  

50  and  5 0 0  / u m   a r e   u s e d .   The  s i z e   of  t he   g r a n u l e s   i n   t h e  

l e a d - i n   c o n d u c t o r   may  c o v e r   t h i s   w h o l e   r a n g e   or  a  s u b - r a n g e  

t h e r e i n ,   f o r   e x a m p l e ,   t he   s u b - r a n g e   f rom  100  to  400  /um  o r  

t he   s u b - r a n g e   f rom  400  to  500  /um,   or  may  h a v e   a  v e r y   s m a l l  

s p r e a d   and  be ,   f o r   e x a m p l e ,   2 0 0  +   20  /um.  The  l o w e r   l i m i t  

of  the   g r a n u l e   s i z e   i s   d e t e r m i n e d   by  p r a c t i c a l   p o s s i b i l i t i e s  

to  r emove   s m a l l e r   g r a n u l e s   d u r i n g   t h e i r   m a n u f a c t u r e   a n d  

the   u p p e r   l i m i t   i s   d e t e r m i n e d   by  t he   d i m e n s i o n s   of  c u r r e n t  

l e a d - i n   c o n d u c t o r s .  

The  s m a l l e s t   d i m e n s i o n   of  s u c h   a  c o n d u c t o r   s h o u l d  

be  a  few  t i m e s ,   f o r   e x a m p l e   f i v e   t i m e s ,   l a r g e r   t h a n   t h e  

d i m e n s i o n   of   t he   l a r g e s t   g r a n u l e   a f t e r   s i n t e r i n g .   The  v o l u m e  

f r a c t i o n   of  g r a n u l e s   in   t he   s i n t e r   body   may  be  v e r y   h i g h   a n d  

may  a m o u n t   to  more  t h a n   95  %. 

The  d i m e n s i o n s   r e f e r r e d   to  a r e   t he   d i m e n s i o n s   o f  

t h e   g r a n u l e s   u s e d   in   t h e   m a n u f a c t u r e   of  s i n t e r   b o d i e s .  

D u r i n g   s i n t e r i n g ,   a b o u t   40 %  of  l i n e a r   s h r i n k a g e   o c c u r s ,  

as  a  r e s u l t   of  w h i c h   g r a n u l e s   u s e d   h a v e   a  s i z e   o f ,   f o r  

e x a m p l e ,   4 0 0  -   500  /um  in   d i a m e t e r   u l t i m a t e l y   have   a  s i z e  

of  a b o u t   240  to  a b o u t   300  / u m .  
The  g r a n u l e s   a r e   c o a r s e   w i t h   r e s p e c t   to  t h e   m e t a l  

p o w d e r   f r o m  w h i c h   t h e   c o n d u c t i n g   n e t w o r k   in   t he   c o n t i n u o u s  

p h a s e   of  t he   s i n t e r   b o d y   i s   f o r m e d   and  a r e   c o a r s e   w i t h  



r e s p e c t   to  t he   c e r a m i c   p o w d e r   f rom  w h i c h   t h e   c e r a m i c   n e t w o r k  

in   t h e   c o n t i n u o u s   p h a s e   of   t h e   s i n t e r   b o d y   i s   f o r m e d .  

In   g e n e r a l ,   m e t a l   p o w d e r   i s   u s e d   t h e r e i n ,   w h o s e   p a r t i c l e s  

h a v e   a  s i z e   l y i n g   b e t w e e n   0 .1  and  10  /um.   In   g e n e r a l ,  

a  p o w d e r   i s   u s e d   h a v i n g   an  a v e r a g e   p a r t i c l e   s i z e   l y i n g  

b e t w e e n   0 . 4   and  1  /um.   M e t a l s   w h i c h   a r e   p a r t i c u l a r l y   s u i t a b l e  

to  be  u s e d   a r e   W,  Mo,  Fe ,   Ta  and  Nb,  as  w e l l   as  c o m b i n a t i o n s  

t h e r e o f .   F o r   t he   c e r a m i c   n e t w o r k   in   t he   c o n d u c t i n g   p h a s e   u s e  

i s   a d v a n t a g e o u s l y   made  of  p o w d e r   h a v i n g   a  s p e c i f i c   s u r f a c e  

a r e a   of  a b o u t   6  -   30  m2Ig   and  a  p a r t i c l e   s i z e   of  m a i n l y  

a b o u t   0 . 3 / u m .  
The  s i n t e r   b o d i e s   of  t he   c u r r e n t   l e a d - i n   c o n d u c t o r s  

may  h a v e   a  v e r y   low  r e s i s t i v i t y ,   w h i c h   i s   m e a s u r e d   i n  

m i l l i o h m . c m ,   e v e n   w i t h   a  v e r y   low  v o l u m e   f r a c t i o n   of  m e t a l  

o f ,   f o r   e x a m p l e ,   l e s s   t h a n   1  %  by  v o l u m e .  

A  d i r e c t i v e   f o r   t he   s m a l l e s t   q u a n t i t y   of  m e t a l  

in   s i n t e r   b o d i e s   r e q u i r e d   f o r   e l e c t r i c a l   c o n d u c t i v i t y   c a n  

be  d e r i v e d   f rom  T a b l e   1.  T h i s   T a b l e   shows  t h e   r e l a t i o n  

b e t w e e n   t h i s   s m a l l e s t   q u a n t i t y   of  m e t a l ,   t h e   v o l u m e   f r a c t i o n  

of  m e t a l   in   t he   c o n t i n u o u s   p h a s e   and  the   a v e r a g e   s i z e   of  t h e  

g r a n u l e s   when  m e t a l   p o w d e r   h a v i n g   a  p a r t i c l e   s i z e   of  a b o u t  

0 . 4   /um  and  c e r a m i c   p o w d e r   h a v i n g   a  p a r t i c l e   s i z e   of  a b o u t  

0 . 3   /um  and  a  s p e c i f i c   s u r f a c e   a r e a   of  30  m2 /g   a r e   u s e d .  

In   t h i s   T a b l e   " g r a n u l e   s i z e "   i s   t he   s i z e   of   t h e   g r a n u l e s  

b e f o r e   s i n t e r i n g ,   t h a t   i s   to  say   b e f o r e   a b o u t   40 %  o f  

l i n e a r   s h r i n k a g e   due  to  s i n t e r i n g   has   o c c u r r e d .  



I t   can   be  s e e n   f rom  T a b l e   1  t h a t  t h e   l o w e s t   p r o d u c t  

i s   f o u n d   i n   t h e   r i g h t h a n d   c o l u m n   when  the   q u a n t i t y   of  m e t a l  

p o w d e r   i n   t h e   c o n t i n u o u s   p h a s e   of  30 %  by  v o l u m e .  

C o n s e q u e n t l y ,   f o r   a  g i v e n   g r a n u l e   s i z e   t he   s m a l l e s t   v o l u m e  

f r a c t i o n   of   m e t a l   in   t h e   s i n t e r   body   may  be  u s e d   i n   t h i s   c a s e .  

T h e r e f o r e   w i t h   a  v o l u m e   f r a c t i o n   of  m e t a l   p o w d e r   i n   t h e  

c o n t i n u o u s   p h a s e   of  30 %  by  v o l u m e   t he   min imum  r e q u i r e d  

v o l u m e   f r a c t i o n   of  m e t a l   i s :  

w i t h   g r a n u l e s   of  100  /um,   3 %  by  v o l u m e ;  

w i t h   g r a n u l e s   of  500  /um,   0 . 6  %   by  v o l u m e .  

The  s i n t e r   b o d i e s   g e n e r a l l y   c o n t a i n   more   t h a n   t h e  

minimum  r e q u i r e d   q u a n t i t y   of  m e t a l .   The  d i f f e r e n c e   i n  

c o e f f i c i e n t   of  e x p a n s i o n   b e t w e e n   the   s i n t e r   b o d y   and   t h e  

lamp  v e s s e l   w i l l   a l s o   p l a y   an  i m p o r t a n t   p a r t   i n   c h o s i n g   t h e  

v o l u m e   f r a c t i o n   of  m e t a l   in   a  s i n t e r   b o d y .   I f   t he   lamp  v e s s e l  

has   a  c o e f f i c i e n t   of  e x p a n s i o n   l y i n g   b e t w e e n   t h a t   of  t h e  

m e t a l   and   t h a t   of  the   c e r a m i c   m a t e r i a l   of  t he   s i n t e r   b o d y ,  

a  l a r g e   v o l u m e   f r a c t i o n   of  m e t a l   may  be  r e q u i r e d   to  m a k e  

the   d i f f e r e n c e   in   c o e f f i c i e n t   of  e x p a n s i o n   b e t w e e n   s i n t e r  

body   and  lamp  v e s s e l   v e r y   s m a l l .  

The  s i n t e r   b o d y   may  be  m a n u f a c t u r e d   i n t e r   a l i a  

as  f o l l o w s .   C e r a m i c  p o w d e r   i s   s u s p e n d e d   in  w a t e r .   A  s u b s t a n c e  

may  t h e n   be  a d d e d ,   w h i c h   i n f l u e n c e s   t he   l a t e r   s i n t e r i n g   s t e p ,  

s u c h   as  MgO.  I n s t e a d ,   a  m a g n e s i u m   s a l t ,   s u c h   as  t he   n i t r a t e ,  

may  be  a d d e d .   E x p r e s s e d   as  MgO,  the   a d d i t i o n   a m o u n t s ,   f o r  

e x a m p l e ,   to  0 . 0 3  %   by  w e i g h t .  

The  s u s p e n s i o n   i s   d r i e d   and  the   cake   t h u s   o b t a i n e d  

is   b r o k e n .   The  g r a n u l a t e   i s   s i e v e d   to  r e m o v e   l a r g e   l u m p s .  

A f t e r   h a v i n g   b e e n   r o l l e d   in   a  b a l l - m i l l   w i t h o u t   b a l l s ,  

the   g r a n u l e s   a r e   s i e v e d   to  i s o l a t e   the   d e s i r e d   s i e v e  

f r a c t i o n .   When  t h e   g r a n u l e s   a r e   h e a t e d   i n   a i r ,   m a g n e s i u m  

s a l t s   a r e   c o n v e r t e d   i n t o   t h e   o x i d e .  

M e t a l   p o w d e r ,   or  i n s t e a d   t h e r e o f   m e t a l   o x i d e   p o w d e r ,  

and  c e r a m i c   p o w d e r   a r e   m i x e d   in   a  p r e d e t e r m i n e d   v o l u m e   r a t i o .  

T h i s   c an   be  e f f e c t e d   in   a  v e r y   s u i t a b l e   m a n n e r   by  s u s p e n d i n g  

the   p o w d e r s   i n   a  l i q u i d ,   s u c h   as  e t h a n o l ,   w h i c h   d o e s   n o t   o r  

s u b s t a n t i a l l y   n o t g i v e   r i s e   to  f o r m a t i o n   of  l u m p s .  



A l s o   in   t h i s   c a s e ,   a  a u b s t a n c e   i n f l u e n c i n g   t he   s i n t e r i n g  

s t e p ,   s u c h   as  MgO,  may  be  a d d e d .   The  s u s p e n s i o n   i s   d r i e d .  

I f   d e s i r e d ,   t he   d r y   s u b s t a n c e   may  be  p u l v e r i z e d   in   a  b a l l -  

m i l l .   I f   m e t a l   o x i d e   p o w d e r   i s   u s e d ,   t h e   p o w d e r   i s   r e d u c e d ,  

f o r   e x a m p l e   in   t h e   c a s e   of  t u n g s t e n   o x i d e ,   i n   h y d r o g e n   a t  

a b o u t   7 0 0 ° C .   From  t h e   r e s u l t i n g   p o w d e r   m i x t u r e ,   t h e  

c o n d u c t i n g   mass   of  i n t e r l o c k i n g   n e t w o r k s   of   c e r a m i c   m a t e r i a l  

and   of  m e t a l ,   r e s p e c t i v e l y ,   i s   o b t a i n e d   a f t e r   s i n t e r i n g .  

The  p o w d e r   m i x t u r e   i s   j o i n e d   w i t h   t h e   g r a n u l e s   in   a  

p r e d e t e r m i n e d   r a t i o   and   m i x e d   t h e r e w i t h   by  r o l l i n g .  

The  m i x t u r e   i s   c o m p r e s s e d ,   f o r   e x a m p l e   i s o s t a t i c a l l y ,   a t   a  

f i n a l   p r e s s u r e   b e t w e e n   0 . 5   and   2  k b a r .   The  m o u l d i n g   o b t a i n e d  

i s   s i n t e r e d ,   f o r   e x a m p l e   a f t e r   a  m e c h a n i c a l   p r e t r e a t m e n t ,  

in   v a c u o ,   in   a  n e u t r a l   or  i n   a  r e d u c i n g  g a s   up  to  a  t e m p e r a -  

t u r e   b e t w e e n   a b o u t   1600  and  1800  ° C .  

In  E u r o p e a n   P a t e n t   S p e c i f i c a t i o n   2 8 , 8 8 5   r e f e r e n c e  

i s   made  to  t he   US  P a t e n t   S p e c i f i c a t i o n  4   155  758  m e n t i o n e d  

in   t h e o p e n i n g   p a r a g r a p h .   A l t h o u g h   t h e   s a i d   US  P a t e n t  

S p e c i f i c a t i o n   p r e s c r i b e s   t he   t e m p e r a t u r e  r a n g e   of  1 6 0 0  -  

1800  C   to  m a n u f a c t u r e   t he   c u r r e n t   l e a d - i n   c o n d u c t o r   b y  

s i n t e r i n g ,   t he   s a i d   E u r o p e a n   P a t e n t   S p e c i f i c a t i o n   s t a t e s  

t h a t   a  s t r o n g   bond   b e t w e e n   c e r a m i c   m a t e r i a l   and   m e t a l   i s  

o b t a i n e d   in   t he   t e m p e r a t u r e   r a n g e   of  1 8 0 0  -   1975  °C.  S i n c e   a t  

t h a t   t e m p e r a t u r e   a  s t r o n g   g r a i n   g r o w t h   o c c u r s   i n   the   c e r a m i c  

m a t e r i a l ,   w h i c h   g i v e s   r i s e   to  c a v i t i e s   and  i n t e r n a l   s t r e s s e s ,  

a c c o r d i n g   to  t he   s a i d   E u r o p e a n   P a t e n t   S p e c i f i c a t i o n   m e t a l  

p o w d e r   i s   m o r e o v e r   i n c o r p o r a t e d   in   t he   c e r a m i c   g r a n u l e s .  

As  a  r e s u l t ,   a  s t r o n g   g r a i n   g r o w t h   i s   p r e v e n t e d .   The  m e t a l  

p o w d e r   in   t he   g r a n u l e s   d o e s   n o t   c o n t r i b u t e ,   h o w e v e r ,   to  t h e  

e l e c t r i c a l   c o n d u c t i v i t y   of  t h e   c u r r e n t   l e a d - i n   c o n d u c t o r ,  

b u t   in   f a c t   i n c r e a s e s   t h e   v o l u m e   f r a c t i o n   of   m e t a l .  

E x p e r i m e n t s   i n   c o n n e c t i o n   w i t h   t h e   i n v e n t i o n   h a v e  

shown  t h a t   s i n t e r   b o d i e s   h a v i n g   a  s t r e n g t h   of   c o n s i d e r a b l y  

l e s s   t h a n   250  mn/m2  ( m e a s u r e d   i n   a  t h r e e - p o i n t   b e n d i n g   t e s t ) ,  

a r e   n o t   v a c u u m - t i g h t   or  do  n o t   r e m a i n   so .   The  s i n t e r   b o d i e s  

of   t he   l a m p s   a c c o r d i n g   to  t h e   i n v e n t i o n   h a v e   a  s t r e n g t h  

w h i c h   i s   a b o u t   250  mn/m2  or   l i e s   w e l l   o v e r   t he   s a i d   v a l u e  



and  g e n e r a l l y   a m o u n t s   to   3 0 0  -   400  mn/m2 .  T h i s   g r e a t  

s t r e n g t h   i s   due  to  t h e   s t r u c t u r e   of  t he   s i n t e r   b o d i e s   i n  

w h i c h   in   f a c t   t he   c e r a m i c   g r a n u l e s   of  the   d i s c o n t i n u o u s  

p h a s e   a r e   in   c o n t a c t   w i t h   t he   c e r a m i c   n e t w o r k   of  t h e  

c o n t i n u o u s   p h a s e .   D u r i n g   s i n t e r i n g ,   as  a  r e s u l t   n u m e r o u s  

c e r a m i c - c e r a m i c   b o n d s   a r e   o b t a i n e d   w h i c h   a n c h o r   t h e   c o n t i n u -  

ous  p h a s e   and  t h e   d i s c o n t i n u o u s   p h a s e   to  e a c h   o t h e r .  

The  a f o r e m e n t i o n e d   c o m p a r a t i v e l y   low  t e m p e r a t u r e   of  b e t w e e n  

1600  and  1800  C   f o r   s i n t e r i n g   the   c u r r e n t   l e a d - i n   c o n d u c t o r  

i s   c o n s e q u e n t l y   a m p l y   s u f f i c i e n t   to  o b t a i n   a  g r e a t   s t r e n g t h  

and  a  h i g h   d e g r e e   of   v a c u u m - t i g h t n e s s ,   b u t   i s   on  t h e   o t h e r  

h a n d   s u f f i c i e n t l y   low  to  p r e v e n t   a  s t r o n g   g r a i n   g r o w t h .  

T h e r e f o r e ,   i t   i s   n o t   n e c e s s a r y   t h a t   m e t a l   p o w d e r   i s   i n -  

c o r p o r a t e d   in   t h e   g r a n u l e s   of  the   s i n t e r   b o d y .  

E x a m i n a t i o n   of  r u p t u r e   s u r f a c e s   of  t h e   s i n t e r  

b o d i e s   a c c o r d i n g   to  t h e   i n v e n t i o n   c o n t a i n i n g   up  to  35  % 

by  v o l u m e   of  m e t a l   in   t h e   c o n t i n u o u s   p h a s e   h a v e   shown  t h a t  

t h e s e   r u p t u r e   s u r f a c e s   e x t e n d   s t r a i g h t   t h r o u g h   g r a n u l e s .  

A p p a r e n t l y ,   n o t   t h e   a d h e s i o n   of  the   c o n t i n u o u s   p h a s e   to  t h e  

g r a n u l e s ,   bu t   t h e  i n n e r   s t r e n g t h   of  t he   c o n s t i t u e n t s   of  t h e  

s i n t e r   b o d i e s   i s   d e t e r m i n a t i v e   of  the   s t r e n g t h   of  the   s i n t e r  

b o d i e s .   T h i s   i s   i n   c o n t r a s t   w i t h   the   known  s i n t e r   b o d i e s ,  

in   w h i c h   c e r a m i c   g r a n u l e s   a r e   i n c o r p o r a t e d   i n   a  c o n t i n u o u s  

p h a s e   w h i c h   i s   c o m p o s e d   of  m e t a l   p o w d e r .   C a v i t i e s   a t   o n e  

r u p t u r e   s u r f a c e   t h e n   c o r r e s p o n d   to  g r a n u l e s   p r o j e c t i n g   f r o m  

the   o t h e r   r u p t u r e   s u r f a c e .   A p p a r e n t l y ,   in   t h e s e   known  s i n t e r  

b o d i e s   t h e r e   i s   a  low  a d h e s i o n   of  t he   c o n t i n u o u s   p h a s e   t o  

t h e   g r a n u l e s .   In   s i n t e r   b o d i e s   a c c o r d i n g   to  t h e   i n v e n t i o n  

h a v i n g   in   the   c o n t i n u o u s   p h a s e   a  m e t a l   c o n t e n t   i n c r e a s i n g l y  

e x c e e d i n g   35 %  by  v o l u m e ,   r u p t u r e   s u r f a c e s   a r e   f o u n d   t o  

e x t e n d   i n c r e a s i n g l y   a l o n g   g r a n u l e   s u r f a c e s .  

An  e m b o d i m e n t   of  t he   lamp  a c c o r d i n g   to  t h e  

i n v e n t i o n   i s   shown  in   t h e   d r a w i n g .   In   t he   d r a w i n g :  

F i g .   1  i s   a  p e r s p e c t i v e   v i ew   of  an  e m b o d i m e n t  

of  t he   lamp  a c c o r d i n g   to  t h e   i n v e n t i o n ;  

F i g .   2  s h o w s   a  d e t a i l   of  t he   lamp  of   F i g .   1 

in   l o n g i t u d i n a l   s e c t i o n a l   v i e w .  



In   F i g u r e   1,  a  t r a n s p a r e n t   t u b u l a r   c e r a m i c   l a m p  

v e s s e l   1  s e a l e d   in   a  v a c u u m - t i g h t   m a n n e r   i s   a r r a n g e d   i n   a n  

e v a c u a t e d   g l a s s   o u t e r   e n v e l o p e   2  w h i c h   i s  c o n n e c t e d   to  a  

lamp  cap  3.  T e r m i n a l   w i r e s   4  and   5,  w h i c h   a r e   e l e c t r i c a l l y  

c o n n e c t e d   to  t h e   lamp  cap   3,  c a r r y   t h e   lamp  v e s s e l   1 ,  

The  t e r m i n a l   w i r e   5  i s   s e c u r e d   as  an  e x t e r n a l   c o n d u c t o r   t o  

a  s l e e v e   6  of  n i o b i u m ,   w h i c h   a c t s   as  one  of  t he   c u r r e n t  

l e a d - i n   c o n d u c t o r s ,   w h i l e   t h e   t e r m i n a l   w i r e   4  i s   c o n n e c t e d  

to  an  e x t e r n a l   c u r r e n t   c o n d u c t o r   8  w h i c h   i s   c o n n e c t e d   to  a  

s i n t e r   body   7  as  c u r r e n t   l e a d - i n   c o n d u c t o r .   The  c u r r e n t  

l e a d - i n   c o n d u c t o r s   6  and  7  b o t h   c a r r y   a  r e s p e c t i v e   e l e c t r o d e  

l o c a t e d   in   the   lamp  v e s s e l   1  and  a r e   t h e r e f o r e   n o t   v i s i b l e .  

The  lamp  v e s s e l   h a s   an  i o n i z a b l e   gas   f i l l i n g   c o n s i s t i n g   o f  

0 . 4   mg  of  i n d i u m ,   1 7 . 5   mg  of  m e r c u r y ,   3 .7   mg  of  t h a l l i u m  

i o d i d e ,   30  mg  of   s o d i u m   i o d i d e ,   2  mg  of  m e r c u r y   i o d i d e   a n d  

a r g o n   a t   a  p r e s s u r e   a t   room  t e m p e r a t u r e   of  5330  P a .  

As  shown  in   F i g u r e   2,  t h e   lamp  v e s s e l   1  h a s   a t  

i t s   end  a  c e r a m i c   d i s k   10,  w h i c h   i s   f i x e d   in   t he   l amp  v e s s e l  

by  s i n t e r i n g .   A  s i n t e r   b o d y   7  i s   c o n n e c t e d   in   a  v a c u u m - t i g h t  

m a n n e r   to  t he   d i s k   10  by  m e a n s   of  f u s i o n   j o i n t   m a t e r i a l   1 3 .  

When  t h e   b o d y   7,  w h i c h   a c t s   as  a  c u r r e n t   l e a d - i n   c o n d u c t o r ,  
is   s i n t e r e d ,   a  t u n g s t e n   e l e c t r o d e   1 1 , 1 2   and  an  e x t e r n a l  

m o l y b d e n u m   c u r r e n t   c o n d u c t o r   8  a r e   f i x e d   in   t h i s   b o d y   7 
and  e l e c t r i c a l l y   c o n n e c t e d   to  e a c h   o t h e r   by  means   of  t h e  

s i n t e r   body   7 .  

The  l amp  of  F i g u r e s   1  and  2  can   be  o p e r a t e d  

v e r t i c a l l y   w i t h   t h e   l amp  cap  3  d i r e c t e d   d o w n w a r d s .  

E x a m p l e s   of  s i n t e r   b o d i e s   (7)  a r e   c h a r a c t e r i z e d  

in   T a b l e   2  by  t h e i r   p r o p e r t i e s .  





The  s i n t e r   b o d i e s   w e r e   m a n u f a c t u r e d   as  f o l l o w s :  

Al2O3  p o w d e r   h a v i n g   a  s p e c i f i c   s u r f a c e   a r e a   of  25  m 2 / g  

was  s u s p e n d e d   i n   w a t e r   to   w h i c h   M g ( N O 3 ) 2   was  a d d e d   in   a  

q u a n t i t y   c o r r e s p o n d i n g   to  250  ppm  of   MgO  c a l c u l a t e d   w i t h  

r e s p e c t   to  A 1 2 0 3 .   The  s u s p e n s i o n   was  d r i e d .   The  r e s i d u e   w a s  

b r o k e n   and   s i e v e d   t h r o u g h   a  s i e v e   of   500  / um.   The  g r a n u l a t e  

was  r o l l e d   i n   a  b a l l - m i l l   w i t h o u t   b a l l s   and   was  t h e n   s i e v e d  

to  i s o l a t e   t he   f r a c t i o n   s t a t e d   i n   T a b l e   1.  The  g r a n u l e s   o f  

t h i s   f r a c t i o n   w e r e   h e a t e d   in   a i r   f o r   10  h o u r s   a t   600°C  a n d  

f o r   1  h o u r   a t   1200  °C.  T h e s e   g r a n u l e s   s e r v e   f o r   the   d i s -  

c o n t i n u o u s   p h a s e   of  the   s i n t e r   b o d i e s .  

T u n g s t e n   p o w d e r   h a v i n g   a  p a r t i c l e   s i z e   of  m a i n l y  

0 . 4   /um  was  s u s p e n d e d   in   e t h a n o l   and   m i x e d   w i t h   A l 2 O 3  p o w d e r  
of   t he   s a i d   k i n d   ( c o n t a i n i n g   259  ppm  of  MgO)  in   a  v o l u m e  

r a t i o   y i e l d i n g   t he   m e t a l   f r a c t i o n   f r o m   c o l u m n   3  of  T a b l e   1 .  

The  s u s p e n s i o n   was  d r i e d ;   t he   r e s i d u e   was  p u l v e r i z e d   i n  

a  b a l l - m i l l .   T h i s   p o w d e r   s e r v e s   f o r   t h e   c o n t i n u o u s   c o n -  

d u c t i n g   p h a s e   f r o m   i n t e r l o c k i n g   n e t w o r k s   of  t he   r e l e v a n t  

s i n t e r   b o d i e s .  

The  p o w d e r   m i x t u r e   and  t h e   g r a n u l e s   were   j o i n e d  

i n   s u c h   a  r a t i o   t h a t   the   v o l u m e   f r a c t i o n   of   t u n g s t e n   o f  

c o l u m n   2  of  T a b l e   1  i s   o b t a i n e d   t h e r e f r o m .   The  p o w d e r  

m i x t u r e   and  t he   g r a n u l e s   we re   m i x e d   by  r o l l i n g .  

The  m i x t u r e   was  p r e s s e d   i s o s t a t i c a l l y   a t   a  f i n a l  

p r e s s u r e   of  1 .6   k b a r .   The  m o u l d i n g   o b t a i n e d   was  t r e a t e d  

m e c h a n i c a l l y   to  g i v e   i t   t he   c o r r e c t   s h a p e   and   was  p r o v i d e d  

w i t h   a  c u r r e n t   c o n d u c t o r   and  an  e l e c t r o d e .   The  w h o l e   w a s  

s i n t e r e d   f o r   2  h o u r s   a t   1700  ° C .  



1.  A  h i g h - p r e s s u r e   gas   d i s c h a r g e   lamp  p r o v i d e d   w i t h  

a  t r a n s l u c e n t   t u b u l a r   c e r a m i c   lamp  v e s s e l   w h i c h   i s   s e a l e d  

in   a  v a c u u m - t i g h t   m a n n e r ,   w h i c h   a c c o m m o d a t e s   a  p a i r   o f  

e l e c t r o d e s   and  an  i o n i z a b l e   gas   f i l l i n g   and  w h i c h   i s  

p r o v i d e d   a t   i t s   e n d s   w i t h   c u r r e n t   l e a d - i n   c o n d u c t o r s   w h i c h  

a r e   e a c h   c o n n e c t e d   to  a  r e s p e c t i v e   e l e c t r o d e   and   to  a  

r e s p e c t i v e   e x t e r n a l   c u r r e n t   c o n d u c t o r ,   a t   l e a s t   one  c u r r e n t  

l e a d - i n   c o n d u c t o r   c o n s i s t i n g   of  an  e l e c t r i c a l l y   c o n d u c t i n g  

s i n t e r   body   w h i c h   c o n t a i n s   m e t a l   p a r t i c l e s   b e t w e e n   c e r a m i c  

g r a n u l e s ,   c h a r a c t e r i z e d   in   t h a t   the   s i n t e r   b o d y   of  t h e  

c u r r e n t   l e a d - i n   c o n d u c t o r   c o n t a i n s   c e r a m i c   g r a n u l e s   w h i c h  

a r e   e m b e d d e d   in   an  e l e c t r i c a l l y   c o n d u c t i n g   mass   of  i n t e r -  

l o c k i n g   n e t w o r k s   of   c e r a m i c   m a t e r i a l   and  m e t a l   r e s p e c t i v e l y .  

2.  A  h i g h - p r e s s u r e   d i s c h a r g e   lamp  as  c l a i m e d   i n  

C l a i m   1,  c h a r a c t e r i z e d   in   t h a t   t he   v o l u m e   f r a c t i o n   of  m e t a l  

in   the   e l e c t r i c a l l y   c o n d u c t i n g   mass   l i e s   b e t w e e n   20  and  5 0  

3.  A  h i g h - p r e s s u r e   d i s c h a r g e   lamp  as  c l a i m e d   i n  

C l a i m   2,  c h a r a c t e r i z e d   in   t h a t   t he   v o l u m e   f r a c t i o n   of  m e t a l  

in   the   e l e c t r i c a l l y   c o n d u c t i n g   mass   l i e s   b e t w e e n   25  and  35  %. 
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