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©  Analytical  apparatus. 
The  instant  invention  relates  to  a  mass  spectometer 

having  an  inlet  leak  and  a  flow-by  sampling  arrangement.  In 
accordance  with  the  invention,  aerosols  and  solid  impurities 
are  removed  from  the  sample  by  packing  a  portion  of  the 
flow-by  tubing  prior  to  the  inlet  capillaries  or the  inlet  leak  of 
the  mass  spectrometer  with  a  packing  material  coated  with  a 
suitable  nonvolatile  liquid.  The  packing  must  have  the 
spaces  between  the  particles  thereof  small  enough  to 
remove  fine  particles  while  still  permitting  adequate  flow. 
With  this  apparatus  the  solids  are  collected  by  simple 
filtration  through  the  packing  material  while  the  aerosols 
flowing  into  the  packing  are  partitioned  into  the  nonvolatile 
liquid  coating  the  particles  and  are  released  at  a  later  time 
into  the  sample  stream  as  a  vapor  or  gas. 



T h i s   i n v e n t i o n   r e l a t e s   to  a  m e t h o d   and  a p p a r a t u s  

f o r   use   in  t he   a n a l y s i s   of  g a s e s   and  v a p o r i z e d   s u b s t a n c e s   b y  

means   of  a  mass   s p e c t r o m e t e r .   The  mass   s p e c t r o m e t e r   i s   a  

w e l l   known  a p p a r a t u s   f o r   o n - l i n e   a n a l y s i s   and  c o n t r o l   o f  

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

i n d u s t r i e s .   Such  an  a p p a r a t u s   is   d e s c r i b e d   in  U.  S.  P a t e n t  

3 , 6 4 8 , 0 4 7 .   The  s a m p l e s   f rom  the   p r o c e s s i n g   e q u i p m e n t   may  b e  

t a k e n   from  m u l t i p l e   p o i n t s   or  l o c a t i o n s   e m p l o y i n g   a  f l o w - b y -  

i n l e t   s y s t e m .   Flow  w i t h i n   t he   s a m p l e   s y s t e m   i s   e s t a b l i s h e d  

by  a  p r e s s u r e   head  in  t he   p r o c e s s   and  t h e   u n u s e d   p o r t i o n   o f  

t h e   s a m p l e   may  be  r e t u r n e d   to   t he   p r o c e s s   or  a  common 

sump.   These   a re   c o n t i n u o u s   f low  t ype   s y s t e m s ,   no  b a t c h  

s a m p l i n g   t e c h n i q u e   i s   r e q u i r e d .   In  t he   f l o w - b y - s a m p l e  

s y s t e m s   where   t h e r e   a r e   m u l t i p l e   s a m p l i n g   p o i n t s ,   f low  i s  

m a i n t a i n e d   in  a l l   s a m p l e   l i n e s   even   t h o u g h   an  a n a l y s i s   i s  

t a k i n g   p l a c e   from  o n l y   one  l i n e .   In  t h e   c a s e   of  m u l t i p l e  

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

c o n t r o l l e d ,   a re   e m p l o y e d   w h e r e b y   t h e r e   may  be  s u c c e s s i v e  

a n a l y s i s   from  e a c h   f l o w   t u b e   or  c o n d u i t .   In  a  f l o w - b y -  

s y s t e m   the  s a m p l e   i s   o b t a i n e d   t h r o u g h   an  i n l e t   l e a k   i n t o   t h e  

mass   s p e c t r o m e t e r .   T h e s e   i n l e t   l e a k s   a r e   g e n e r a l l y   a  p o r o u s  

b a r r i e r   t ype   which   may  be  made  of  s u i t a b l e   m a t e r i a l s   s u c h  a s  

s i n t e r e d   m e t a l .  



The  f l o w - b y   p a t h   f r o m   e a c h   s a m p l e   p o i n t   m a y  

s u i t a b l y   t a k e   t he   form  of  a  U - s h a p e d   t u b e   g o i n g   f rom  t h e  

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

r e t u r n i n g   b a c k   to   the   p r o c e s s   s t r e a m   or   sump.   The  s u c -  

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

c l e a n l i n e s s   of  t he   v a p o r i z e d   l i q u i d   or  gas  e n t e r i n g   t h e  

a n a l y z e r .   In  many  p r o c e s s e s   a e r o s o l s   a n d / o r   s o l i d s   a r e  

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

t h e y   may  p l u g   e i t h e r   t he   c a p i l l a r y   t u b i n g   e m p l o y e d   to   r e d u c e  

s a m p l e   p r e s s u r e   or  p lug   t h e   i n l e t   l e a k   to  t he   mass   s p e c -  

t r o m e t e r   i t s e l f .   I f   e i t h e r   of  t h e s e   p r o b l e m s   o c c u r ,   t h e  

a n a l y z e r   m u s t   be  s h u t   down  and  t he   p r o b l e m   c o r r e c t e d .   In  a  

g i v e n   c o n v e n t i o n a l   a p p a r a t u s   known  to   t he   i n v e n t o r ,   i t   w a s  -  

n e c e s s a r y   to   s h u t   down  t h e   a p p a r a t u s   e v e r y   t h r e e   to   s e v e n  

d a y s .  

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

i n v e n t i o n   to  p r o v i d e   a  means   f o r   p r e v e n t i n g   t h e   p l u g g i n g   o f  

t h e   c a p i l l a r y   a n d / o r   i n l e t   l e a k   f o r   t he   mass   s p e c t r o m e t e r  

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

be  i n c r e a s e d   s u b s t a n t i a l l y .  

The  a b o v e   p u r p o s e s   of   t h e   i n s t a n t   i n v e n t i o n   a r e  

a c c o m p l i s h e d   by  p a c k i n g   a  p o r t i o n   of  t he   f l o w - b y   t u b i n g ,  

p r i o r   to   t h e   i n l e t   c a p i l l a r i e s   or   t h e   i n l e t   l e a k   o f   t h e   m a s s  

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



n o n v o l a t i l e   l i q u i d .   The  p a c k i n g   m u s t   have   t h e   s p a c e s  

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

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

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

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

the   p a c k i n g   a r e   p a r t i t i o n e d   i n t o   t h e   n o n v o l a t i l e   l i q u i d  

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

the   s a m p l e   s t r e a m   as  a  v a p o r   or  g a s .  

W i t h   r e f e r e n c e   now  more  p a r t i c u l a r l y   to   t h e  

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

a r e   r e p r e s e n t e d   by  t he   same  n u m b e r s .  

F i g u r e   1  i s   a  d i a g r a m m a t i c   r e p r e s e n t a t i o n   i n  

s e c t i o n   of   a  c o v e n t i o n a l   f l o w   by  mass   s p e c t r o m e t e r   s a m p l i n g  

t u b e   of  t h e   p r i o r   a r t .  

F i g u r e   2  i s   a  d i a g r a m m a t i c   r e p r e s e n t a t i o n   of   t h e  

s a m p l i n g   t u b e   of   F i g u r e   1  i n c o r p o r a t i n g   t he   f e a t u r e s   of  t h i s  

i n v e n t i o n ,   a n d  

F i g u r e   3  i s   a  s c h e m a t i c   r e p r e s e n t a t i o n   of   a  m a s s  

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

f e a t u r e s   of   t h i s   i n v e n t i o n .  

R e f e r r i n g   now  more   p a r t i c u l a r l y   to  F i g u r e   1  

i l l u s t r a t i n g  a   c o n v e n t i o n a l   s a m p l i n g   l o o p   or  s a m p l i n g   t u b e ,  

f o r   s a m p l i n g   f rom  a  g i v e n   p o i n t   in  a  p r o c e s s i n g   a p p a r a t u s ,  



w h i c h   c o m p r i s e s   a  t u b e   1  p r e f e r a b l y   a b o u t   3 / 3 2   to   1 / 2 "  

i n t e r n a l   d i a m e t e r   of  m a t e r i a l   w h i c h   i s   u n a f f e c t e d   by  t h e  

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

a n a l y z e d .   I t   mus t   a l s o   be  p h y s i c a l l y   and  c h e m i c a l l y   s t a b l e  

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

s u r e ,   e t c .   T y p i c a l   m a t e r i a l s   wou ld   i n c l u d e   s t a i n l e s s   s t e e l ,  

g l a s s   l i n e d   m e t a l   t u b i n g   and  p o l y m e r i c   t u b i n g .   Tube  1 

c o m p r i s e s   an  i n l e t   arm  2  and  an  o u t l e t   or  r e t u r n   arm  3 .  

A  s m a l l   t u b e   or  c a p i l l a r y   4  of   s u i t a b l e   m a t e r i a l  

such   as  f o r   t u b e   1  l e a d s   f rom  the   end  of  t he   l o o p   or   t u b e   1 

to  t he   m a s s   s p e c t r o m e t e r .   A  v e n t i n g   means   s u c h   as  a  t u b e   5 

of  s u i t a b l e   m a t e r i a l   as  p r e v i o u s l y   d e s c r i b e d   i s   p r o v i d e d  

b e t w e e n   t u b e   4  and  t h e   mass   s p e c t r o m e t e r .   Tube  5  l e a d s   t o  a  

r o u g h i n g   v a c u u m   pump  ( n o t   shown  in  f i g u r e   1 ) .   J u s t   b e y o n d  

t u b e   5  an  i n l e t   l e a k   7  i s  p r o v i d e d   f o r   l e a k i n g   a  s m a l l  

a m o u n t   of  gas   to  t he   mass   s p e c t r o m e t e r .   The  i n l e t   l e a k   7  i s  

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

s i n t e r e d   m e t a l .  

In  a c c o r d a n c e   w i t h   t h e   p r i o r   a r t ,   as  shown  i n  

f i g u r e   1,  t he   gas   s a m p l e s   p a s s i n g   t h r o u g h   t he   t u b e   1  o f t e n  

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

b a c k   to   t h e   p r o c e s s   or  sump  and  a l s o   t h r o u g h   t u b e   4  to  t h e  

i n l e t   l e a k   7  w h e r e b y   t h e y   have   t h e   e f f e c t   of   p l u g g i n g   t h e  

i n l e t   l e a k   7 .  



In  a c c o r d a n c e   w i t h   t he   i n s t a n t   i n v e n t i o n ,   as  s h o w n  

in  f i g u r e   2,  p a r t i c u l a t e   m a t e r i a l   c o a t e d   w i t h   a  n o n v o l a t i l e  

l i q u i d   9  i s   p a c k e d   i n t o   t h e   i n l e t   arm  2  of  s a m p l e   l o o p   o r  

t u b e   1.  Any  p a c k i n g   or   l i q u i d   s u p p o r t   m a t e r i a l   c o u l d   b e  

u s e d   as  t he   p a r t i c u l a t e   m a t e r i a l   w h i c h   i s   p h y s i c a l l y   a n d  

c h e m i c a l l y   s t a b l e   when  e x p o s e d   to  t he   p r o c e s s   s t r e a m .  

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

as  no t   to  form  d r o p l e t s   or   p o o l s   of  l i q u i d .   In  a  p r e f e r r e d  

e m b o d i m e n t   t he   c o a t e d   p a r t i c u l a t e   m a t e r i a l   9  c o n s i s t s   o f  

d i a t o m a c e o u s   e a r t h   w i t h   a  p a r t i c l e   m e s h  s i z e   of   f rom  a b o u t  

40  to  180  c o a t e d   w i t h   a  n o n v o l a t i l e   l i q u i d   s u c h   as  a  

s i l i c o n e - t y p e   l i q u i d .   The  p e r c e n t a g e   by  w e i g h t   of   t h e  

s i l i c o n e   l i q u i d   b a s e d   on  t h e   t o t a l   w e i g h t   of   t h e   p a r t i c u l a t e  

m a t e r i a l   is   a b o u t   3  to  15  p e r c e n t .   The  p a c k i n g   m u s t   be  a i r -  

s i z e d   to   r e m o v e   t h e   f i n e   p a r t i c l e s   h a v i n g   a  mesh  s i z e  

g r e a t e r   t h a n   180  w h i c h   m i g h t   a l s o   p lug   the   s a m p l e   c a p i l l a r y  

4  or  t he   i n l e t   l e a k   7.  O t h e r   s u i t a b l e   p a r t i c u l a t e   m a t e r i a l s  

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

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

% i n c l u d e   any  s u b s t a n c e   t h a t   is  l i q u i d   a t   the   o p e r a t i n g  

t e m p e r a t u r e   of   t h e   d e v i c e   and  h a v i n g   a  low  v a p o r   p r e s s u r e  

such   as  p o l y e t h e r s ,   h y d r o c a r b o n s   and  d e r i v a t i v e s   t h e r e o f .  

The  c o a t e d   p a r t i c u l a t e   m a t e r i a l   9  i s   s e c u r e d  

w i t h i n   the   arm  2  of  t u b e   1  by  means  of  s m a l l   wads  of   i n e r t  

5 g l a s s   wool   or   o t h e r   s i m i l a r   i n e r t   p a c k i n g   m a t e r i a l   ( n o t  



s h o w n ) .   The  p a c k i n g   o f   t h e   p a r t i c u l a t e   m a t e r i a l   9  i n t o   t h e  

arm  2  of   t u b e   1  is  done   in  such   a  way  as  n o t   to   form  f i n e  

p a r t i c l e s .   T h i s   i s   a c c o m p l i s h e d   by  a d d i n g   t h e   p a c k i n g   t o  

t he   t u b i n g   w h i l e   g e n t l y   t a p p i n g   on  t he   t u b i n g   w i t h   a  

1 / 4 "   d i a m e t e r   wooden   s t i c k   or   p e n c i l .   T h i s   y i e l d s   a  p a c k i n g  

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

min imum  f i n e   p a r t i c l e s .   By  e m p l o y i n g   t h e   c o a t e d   p a r t i c u l a t e  

m a t e r i a l   in  t he   i n l e t   arm  2  of  t u b e   1  t he   a e r o s o l s   a n d  

s o l i d s   a r e   r e m o v e d .   W h i l e   t he   s o l i d s   c o u l d   be  c o l l e c t e d   b y  

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

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

p a r t i c u l a t e   m a t e r i a l   9,  t he   a e r o s o l s   p a s s   i n t o   t h e   p a c k e d  

m a t e r i a l   9  and  a r e   p a r t i t i o n e d   i n t o   t h e   n o n - v o l a t i l e   l i q u i d  

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

t h e   s a m p l e   s t r e a m   as  a  v a p o r   or  g a s .  

A  s i n g l e   t u b e   or   l o o p   1  may  be  c o n n e c t e d   to   a  m a s s  

s p e c t r o m e t e r   or  a  p l u r a l i t y   of  s a m p l e   l o o p s   or   t u b e s   1  m a y  

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

s i n g l e   mass   s p e c t r o m e t e r .   For  e x a m p l e ,   w i t h   r e f e r e n c e   m o r e  

p a r t i c u l a r l y   to   F i g u r e   3,  f o u r   s u c h   s a m p l e   l o o p s   or  t u b e s   1 

a r e   i l l u s t r a t e d .   In  a c c o r d a n c e   w i t h   t h i s   e m b o d i m e n t   of  t h e  

i n v e n t i o n ,   the   t u b e   or   c a p i l l a r y   4  f rom  e a c h   s a m p l e   l o o p   o r  

t u b e   1  is  c o n n e c t e d   t h r o u g h   a  v a l v e   11  of   any  c o n v e n t i o n a l  

d e s i g n   and  a n o t h e r   t u b e   13  to  a  t u b e   or   h e a d e r   15.  A 

s u i t a b l e   t u b e ,   c a p i l l a r y ,   e t c . ,   17  i s   c o n n e c t e d   to  t h e  



h e a d e r   a t   one  end  and  i s   p r o v i d e d   w i t h   an  i n l e t   l e a k   7 

t h e r e i n   b e y o n d   w h i c h   i t   i s   c o n n e c t e d   to  t he   mass   s p e c -  

t r o m e t e r   19.  A  v a c u u m   g e n e r a l l y   f rom  a b o u t   25  to   100  TORR 

is   m a i n t a i n e d   in  t h e   s a m p l e   i n l e t   s y s t e m   by  p r o v i s i o n   of  a  

r o u g h i n g   pump  21  c o n n e c t e d   to   t h e   v e n t   t u b e   5.  An  ion   p u m p  

23  m a i n t a i n s   a  v a c u u m   w i t h i n   the   mass   s p e c t r o m e t e r   a p p a r a t u s  

of  a b o u t   10-5   to   1 0   T o r r .   A l l   of  s u c h   a p p a r a t u s ,   i . e . ,  

t h e   mass   s p e c t r o m e t e r   19,  ion  pump  23,  r o u g h i n g   pump  2 1 ,  

v e n t   t u b e   5  and  t h e   a r r a n g e m e n t   t h e r e f o r ,   a r e   w e l l   known  t o  

t h o s e   s k i l l e d   in  t h e   a r t   and  a r e   d e s c r i b e d   in  more  d e t a i l   i n  

the   m a n u f a c t u r e r s '   l i t e r a t u r e .   The  v a l v e s   11  may  b e  

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

e a c h   s o u r c e   in  t u r n ,   i . e . ,   f rom  e a c h   s a m p l e   l o o p   or  t u b e   1 

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

c l o s e d   a n d  t h e   n e x t   v a l v e   i s   o p e n e d ,   o n l y   one  v a l v e   b e i n g  

o p e n   a t   a  t i m e   g e n e r a l l y   s p e a k i n g .   T h i s   s e q u e n c i n g   o p e r a -  

t i o n   can  be  a c c o m p l i s h e d   by  any  c o n v e n t i o n a l   c o n t r o l  

a p p a r a t u s   ( n o t   s h o w n ) .   In  mos t   c a s e s   t h e   d i s c h a r g e   f rom  t h e  

r o u g h i n g   pump  is   r e t u r n e d   to   t he   p r o c e s s   a p p a r a t u s   a t   o r  

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



The  e m b o d i m e n t s   of   t h e   i n v e n t i o n   in  w h i c h  a n  

e x c l u s i v e   p r i v i l e g e   or  p r o p e r t y   is  c l a i m e d   a r e   d e f i n e d   a s  

f o l l o w s :  

1.  A  p r o c e s s   a n a l y z e r   a p p a r a t u s   c o m p r i s i n g   a  

s a m p l e   c o n d u i t   h a v i n g   an  i n l e t   c o n n e c t e d   to  t h e   s a m p l e   p o i n t  

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

to  s a i d   p r o c e s s   a p p a r a t u s ,   a  mass   s p e c t r o m e t e r ,   s e c o n d  

c o n d u i t   means   c o n n e c t i n g   s a i d   s a m p l e   c o n d u i t   to   s a i d   m a s s  

s p e c t r o m e t e r ,   i n l e t   l e a k   means   p r o v i d e d   in  s a i d   s e c o n d  

c o n d u i t   b e t w e e n   s a i d   s a m p l e   c o n d u i t   and  s a i d   mass   s p e c -  

t r o m e t e r ,   a  v e n t   p r o v i d e d   in  s a i d   s e c o n d   c o n d u i t   m e a n s  

s u b s t a n t i a l l y   a d j a c e n t   s a i d   i n l e t   l e a k   m e a n s   and  b e t w e e n  

s a i d   i n l e t   l e a k   means   and  s a i d   s a m p l e   c o n d u i t   m e a n s ,   p a c k i n g  

means   p r o v i d e d   in  s a i d   s a m p l e   c o n d u i t   means   b e t w e e n   s a i d  

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

m a t e r i a l   of   a b o u t   40  to   180  mesh  c o a t e d   w i t h   n o n v o l a t i l e  

l i q u i d .  

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

s a i d   n o n v o l a t i l e   l i q u i d   i s   f rom  a b o u t   3.0  to   2 0 . 0   p e r c e n t   b y  

w e i g h t   of   t h e   p a r t i c u l a t e   m a t e r i a l .  

3.  The  a p p a r a t u s   of   c l a i m   2  w h e r e i n   t h e   p r e s s u r e  

in  t he   i n l e t   to  the  mass   s p e c t r o m e t e r   is   m a i n t a i n e d   a t   a b o u t  

25  to   100  TORR  by  means   of  a  r o u g h i n g   pump  p u l l i n g   a  v a c u u m  

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



t r o m e t e r   i s   m a i n t a i n e d   a t   a b o u t   10 -5   to   10 -7   TORR  by  an  i o n  

p u m p .  

4.  The  a p p a r a t u s   of   c l a i m   2  w h e r e i n   t h e   p a c k i n g  

m a t e r i a l   i s   d i a t o m a c e o u s   e a r t h   and  s a i d   n o n v o l a t i l e   l i q u i d  

c o a t i n g   m a t e r i a l   i s   a  s i l i c o n e .  

5.  The  a p p a r a t u s   of   c l a i m   4  w h e r e i n   s a i d   i n l e t  

l e a k   is   of  s i n t e r e d   g l a s s .  

6.  The  a p p a r a t u s   of   c l a i m   4  w h e r e i n   s a i d   i n l e t  

l e a k   is   of  s i n t e r e d   m e t a l .  

7.  The  a p p a r a t u s   of   c l a i m   5  w h e r e i n   t h e   p r e s s u r e  

in  s a i d   mass   s p e c t r o m e t e r   i n l e t   i s   m a i n t a i n e d   a t   a b o u t   25  t o  

100  TORR  by  means   of  a  r o u g h i n g   pump  c o n n e c t e d   to   s a i d   v e n t  

and  the   p r e s s u r e   w i t h i n   t h e   mass  s p e c t r o m e t e r   i s   m a i n t a i n e d  

a t   a b o u t   10 -5   to   10-7  TORR  by  an  ion   p u m p .  

8.  The  a p p a r a t u s   of  c l a i m   6  w h e r e i n   t h e   p r e s s u r e  

in  s a i d   mass   s p e c t r o m e t e r   i n l e t   is   m a i n t a i n e d   at   a b o u t   25  t o  

100  TORR  by  means   of   a  r o u g h i n g   pump  c o n n e c t e d   to   s a i d   v e n t  

and  the   p r e s s u r e   w i t h i n   t h e   mass   s p e c t r o m e t e r   i s   m a i n t a i n e d  

a t   a b o u t   10 -5  to  10 -7  TORR  by  an  ion   p u m p .  

9.  The  a p p a r a t u s   of   c l a i m   7  w h e r e i n   m u l t i p l e  

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

p r o c e s s i n g   a p p a r a t u s ,   v a l v e s   a r e   p r o v i d e d   in  s a i d   s e c o n d  



c o n d u i t   m e a n s   b e t w e e n   s a i d   s a m p l e   t u b e s   and  s a i d   m a s s  

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

w i t h   a  s i n g l e   c o n d u i t   f rom  s a i d   h e a d e r   m e a n s   to   s a i d   v e n t ,  

i n l e t   l e a k   and  mass   s p e c t r o m e t e r ,   and  m e a n s   f o r   s e q u e n t i a l l y  

o p e n i n g   and  c l o s i n g   s a i d   v a l v e s .  

10.   The  a p p a r a t u s   of  c l a i m   8  w h e r e i n   m u l t i p l e  

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

p r o c e s s i n g   a p p a r a t u s ,   v a l v e s   a r e   p r o v i d e d   in   s a i d   s e c o n d  

c o n d u i t   means   b e t w e e n   s a i d   s a m p l e   t u b e s   and  s a i d   m a s s  

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

w i t h   a  s i n g l e   c o n d u i t   f rom  s a i d   h e a d e r   m e a n s   to   s a i d   v e n t ,  

i n l e t   l e a k   and  mass   s p e c t r o m e t e r ,   and  m e a n s   f o r   s e q u e n t i a l l y  

o p e n i n g   and  c l o s i n g   s a i d   v a l v e s .  

11.   A  p r o c e s s   f o r   a n a l y z i n g   a  s t r e a m   c o m p r i s i n g   a  

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

a e r o s o l   i m p u r i t i e s   by  p a s s i n g   s a i d   s t r e a m   a l o n g   a  p r e d e t e r -  

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

s u r f a c e s   in  c l o s e   p r o x i m i t y   to  one  a n o t h e r   w h i c h   s u r f a c e s  

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

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

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

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

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

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



of   s a i d   s e c o n d   p o r t i o n   of   s a i d   s t r e a m   p r i o r   to   s a i d   p o r o u s  

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

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

12.   The  p r o c e s s   of  c l a i m   11  w h e r e i n   s a i d   v e n t e d  

p o r t i o n   i s   r e t u r n e d   to  s a i d   p r o c e s s i n g   a p p a r a t u s .  

13.  The  p r o c e s s   of  c l a i m   12  w h e r e i n   t he   p r e s s u r e  

a t   t he   i n l e t   of   s a i d   mass   s p e c t r o m e t e r   i s   a b o u t   25  and  1 0 0  

TORR  the   p r e s s u r e   w i t h i n   s a i d   mass  s p e c t r o m e t e r   i s  

a b o u t   10 -5   to  1 0 - 7 .  
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