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ABSTRACT

The d es ig n  p a ram e te rs  fo r  a s u r f a c e  i o n i z a t i o n  d e t e c t o r  f o r  hy­

drogen in  a i r  a re  d e te rm in e d ,  and a d e s c r i p t i o n  o f  th e  d e t e c t o r  i s  p r e ­

s e n te d .

A p o s s i b l e  t h e o r e t i c a l  model o f  th e  i o n i z a t i o n  p ro c e s s  i s  g iv e n .  

The e x p e r im e n ta l  p ro ced u re  i s  e x p la in e d  and perform ance cu rves  in  h y d ro ­

g e n / a i r  and h y d ro g e n /n i t ro g e n  a re  shown.

S u g g e s t io n s  f o r  d e t e c to r s  fo r  gases  o th e r  than  hydrogen have 

been in c lu d e d .  These d e t e c t o r s ,  o p e r a t in g  on th e  s u r f a c e  i o n i z a t i o n  

p r i n c i p l e ,  sh o u ld  e x h i b i t  many o f  th e  same c h a r a c t e r i s t i c s  as th e  d e ­

t e c t o r  fo r  hydrogen , and w i l l  p ro b ab ly  e x h i b i t  s i m i l a r  s e n s i t i v i t i e s .

v i



I .  INTRODUCTION

As a r e s u l t  o f  th e  e x p lo s iv e  n a tu r e  o f  sm a ll  amounts o f  hydrogen 

in  a i r a n  a c c u r a te  hydrogen d e t e c t i o n  d ev ice  i s  bad ly  needed . T h is  

d e t e c to r  must meet th e  r e q u i r e m e n t s .o f  be ing  s e l e c t i v e  in  i t s  m easu re ­

m en ts ,  r e l i a b l e  in  o p e r a t io n  and s e n s i t i v e  to  ve ry  d i l u t e  m ix tu re s  o f  

hydrogen.
2

Of th e  d e t e c to r s  now in  u s e ,  one o p e ra te s  by b u rn in g  th e  h y d ro ­

gen w i th  a i r  on a p a l la d iu m  f i l a m e n t  and m easuring  th e  r e s u l t a n t  r i s e  in

th e  f i l a m e n t  te m p e r a tu r e « A nother d e t e c t o r ,  developed  by th e  Bendix 
3Company , m easures th e  change in  th e  r e s i s t a n c e  o f  a p a l la d iu m  f i lm  

when exposed to  hydrogen.

Each o f  th e  above d e t e c to r s  has c e r t a i n  d i s a d v a n ta g e s . The f i r s t  

d e t e c t o r  has l im i t e d  s e n s i t i v i t y  becuase  o f  th e  la rg e  h e a t  c a p a c i ty  o f  

th e  f i l a m e n t . I t  a l s o  r e q u i r e s  th e  p re se n c e  o f  an o x id i z in g  g as .  The 

second d e t e c t o r  i s  s e n s i t i v e  to  o x y g e n , , . th e re fo re  a l l  oxygen must be 

exc luded  from th e  system . I t s  r e sp o n se  i s  dependent upon th e  r a t e  o f  

hydrogen d i f f u s i o n  in  and o u t  o f  th e  p a l la d iu m  f i lm  and t h i s  may r e s u l t  

in  a long re sp o n se  tim e a t  low hydrogen p r e s s u r e s .

T h is  t h e s i s  w i l l  d is c u s s  th e  development o f  a s u r f a c e  i o n i z a t i o n  

d e t e c t o r  f o r  hydrogen . T h is  d e t e c t o r  p ro v id e s  a r e p r o d u c ib le  c u r r e n t  

o f  p o s i t i v e  ions  when exposed to  hydrogen . The ion  c u r r e n t  i s  l i n e a r l y  

p r o p o r t i o n a l  to  th e  hydrogen c o n te n t  o f  th e  c a r r i e r  gas from 0 .5  to  4% 

hydrogen by volume,,,

; - i



2

T his  d e t e c t o r  has th e  im p o r ta n t  advan tage  t h a t  i t  can o p e ra te  

when d i l u e n t  gases  ( i . e .  n i t r o g e n )  a re  i n t e r f e r i n g  w i th  th e  use o f  com­

b u s t io n  d e t e c t o r s .  I t  o p e ra te s  e q u a l ly  w e l l  in  th e  p re s e n c e  o f  i n e r t  

gases  o r  in  th e  p re se n c e  o f  a i r .  I t  i s  r a p id  in  re sp o n se  (3 -1 0  seconds)  

to  m ix tu re s  as low as 0 .5  p e r  cen t  hydrogen in  a i r  by volume. I t  i s  

s e l e c t i v e  in  t h a t ,  w i th  th e  e x c e p t io n  o f  carbon  monoxide and F reon ,  i t  

responds  o n ly  to  th e  p re s e n c e  o f  hydrogen . Thus, th e  s e l e c t i v i t y ,  r e ­

l i a b i l i t y  and s e n s i t i v i t y  g iv e  t h i s  d e t e c t o r  p a r t i c u l a r  advan tage  over 

o th e r  system s c u r r e n t l y  used  f o r  s i m i l a r  p u r p o s e s .

\



I I .  SURFACE IONIZATION OF HYDROGEN

The i o n i z a t i o n  o f  hydrogen when i t  i s  b rought i n t o  c o n ta c t  w i th  

h e a te d  p a l la d iu m  i s  n o t  c l e a r l y  u n d e rs to o d .  The exp er im en ts  o f  F in ch  

and h i s  a s s o c i a t e s ^  showed t h a t  v a r io u s  m e ta ls  a c q u i re d  an e l e c t r i c a l  

charge  when h e a te d  in  th e  p re se n c e  o f  c e r t a i n  g a s e s .  T h is  c h a rg in g  p r o ­

cess  cou ld  be e x p la in e d  in  term s o f  p o s i t i v e  ions  le a v in g  th e  m e ta l  s u r ­

face^ which th e re b y  a c q u i re d  a n e g a t iv e  c h a rg e .

The r a t e  o f  c h a rg in g  was d i f f e r e n t  f o r  each  m e ta l -g a s  combin­

a t i o n ,  i n d i c a t i n g  t h a t  th e  r e a c t i o n  was s p e c i f i c  and u n q u e s t io n a b ly  r e ­

l a t e d  to  th e  c h e m iso rp t io n  o f  th e  gas on th e  m e t a l l i c  s u r f a c e . Of a l l  

r e a c t i o n s ,  t h a t  o f  p la t in u m  w i th  hydrogen was most e n e r g e t i c  in  terms 

o f  c h a rg in g .  Because o f  th e  s i m i l a r i t i e s  in. th e  e l e c t r o n  s t r u c t u r e  o f  

p la t in u m  and p a l la d iu m ,  i t  was b e l ie v e d  t h a t  p a l la d iu m  would a l s o  have 

an e n e r g e t i c  r e a c t i o n  and t h i s  r e a c t i o n  was s tu d ie d  fo r  use  as a h y d ro ­

gen d e t e c t o r .

In  t r y i n g  to  e x p la in  th e  phenomenon o f  the  p ro d u c t io n  o f  t h i s  

c h a rg in g .  F in ch  e t . a l .  p roposed  t h a t  two p ro c e s s e s  m igh t ta k e  p la c e  one 

a f t e r  th e  o th e r  on th e  s u r f a c e .  In  th e  f i r s t  p ro c e s s  th e  gas m olecu le  

would be p h y s i c a l l y  bound to  th e  s u r f a c e  in  an e l e c t r i c a l l y  n e u t r a l  con­

d i t i o n  in  th e  form o f  a condensed la y e r  o f  a t  l e a s t  monomolecular t h i c k ­

n ess  * A ccord ing  to  Langmuir^, t h i s  l a y e r  c o n s i s t s  o f  th e  gas m olecu le  

which i s  p h y s i c a l l y  ad so rb ed  on th e  s u r f a c e  w i th o u t  exchange o f  charge 

o r  d i s s o c i a t i o n .  In  th e  second p ro c e s s  th e  gas would be d i s s o c i a t e d  and

3
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th e  r e s u l t a n t  atoms would be io n iz e d  by d o n a t io n  o f  an e l e c t r o n  to  th e

Fermi l e v e l  o f  th e  m e ta l .  These p o s i t i v e  ions  would th en  e v a p o ra te

from th e  s u r f a c e  le a v in g  it; n e g a t iv e l y  cha rged .

I t  sh o u ld  be n o te d  h e re  t h a t  F in ch  In c .  c i t .  does n o t  e x p la in

th e  p ro c e s s  in  e x a c t ly  t h i s  way s in c e  th e  d e t a i l s ,  o f  d i s s o c i a t i o n  and

i o n i z a t i o n  on s u r f a c e s  had n o t  been c l a r i f i e d  a t  t h a t  t im e^ .  However,

r e a d in g  between th e  l i n e s ,  i t  i s  c l e a r  t h a t  F in ch  was b e in g  le d  to  th e

p ro p e r  c o n c l u s i o n s .

F in ch  was led  a s t r a y  to  some e x te n t  by th e  id e a  t h a t  th e  p o r o s i t y

o f  th e  s u r f a c e  was an im p o r ta n t  f a c t o r  in  th e  i o n i z a t i o n  p r o c e s s . The

7e a r l y  s t u d i e s  o f  s u r f a c e  p o r o s i t y  by T a y lo r  may have been r e s p o n s ib le
o

fo r  t h i s .  In  any case  th e  d i f f u s i o n  d a ta  o f  Smith i n d i c a t e s  t h a t  th e  

s u r f a c e  i o n i z a t i o n  p ro c e s s  canno t be dependent upon d i f f u s i o n  s in c e  i t  

occu rs  w i th in  seconds o f  th e  tim e th e  hydrogen c o n ta c t s  th e  p a l la d iu m .

The p r e s e n t  e x p la n a t io n  in  term s o f  e l e c t r o n  d o n a t io n  i s  su p ­

p o r te d  by experim en ts  on th e  e f f e c t  o f  abso rbed  hydrogen on th e  p a r a -

9m agnetic  s u s c e p t i b i l i t y  o f  p a l la d iu m  . From t h i s  work i t  i s  c l e a r  t h a t  

th e  hydrogen i s  io n i z e d ,  w i th  th e  e l e c t r o n s  making a c o n t r i b u t i o n  to  th e  

r e d u c t io n  in  s u s c e p t i b i l i t y ,  and some o f  th e  p ro to n s  d i f f u s i n g  around in  

th e  m e ta l .  P ro to n  re so n an ce  experim en ts  by N orberg^^  s u b s t a n t i a t e  t h i s  

th e o ry .  Assuming t h a t  t h i s  mechanism o p e r a te s  d u r in g  hydrogen a d s o rp ­

t i o n ,  a l a y e r  o f  p o s i t i v e l y  charged  H* io n s  would e x i s t  on th e  s u r f a c e  

o f  th e  pallad ium o A f r a c t i o n  o f  th e s e  ions  would e v a p o ra te  as e i t h e r  

H*" o r  H2+ and th e  p a l la d iu m  would a c q u i r e  a n e g a t iv e  ch a rg e .  T h is  i s  in  

e x a c t  agreem ent w i th  th e  work o f  R efe ren ce  4 and th e  r e s u l t s  r e p o r te d  

h e r e .



5

U n fo r tu n a te ly  th e  com plete  thermodynamics o f  th e  p ro c e s s  a re  n o t  

c l e a r  and th e r e  i s  no t h e o r e t i c a l  a n a l y s i s  w i th  which our d a ta  can be 

compared. However t h e r e  seems to  be no q u e s t io n  t h a t  th e  i o n i z a t i o n  

p ro c e s s  occu rs  and can be used  as a d e t e c t o r  fo r  hydrogen.



\

I I I .  DESIGN OF THE EXPERIMENTAL SYSTEM

A o  P h y s ic a l  Layout

A sch em a tic  diagram  o f  th e  e x p e r im e n ta l  s e t - u p  i s  shown in  

F ig u re  2. A p i c t u r e  d e p i c t i n g  th e  c o n s t r u c t i o n  i s  shown in  F ig u re  6.

A l l  th e  co n d u i t  from th e  m ixing  chamber to  th e  e v a c u a to r  fan  was copper 

tu b in g  o r  copper pipe* The i n l e t s  i n t o  th e  m ixing chamber from the  

so u rce  gases  were s u r g i c a l  ru b b e r  tu b in g .  The window was o n e - q u a r t e r  

in c h  p l e x i g l a s . A l l  copper co n n ec t io n s  were s o ld e r e d  and a l l  co n n ec tio n s  

were checked f o r  le ak s  b e fo re  o p e r a t i o n .  The volume o f  th e  i o n i z a t i o n  

chamber was 7.07 cu b ic  i n c h e s . The m ixing  chamber was one and o n e - h a l f  

in c h  d ia m e te r  copper tu b in g  packed w i th  copper sc reen ing*

B. Gas In p u t  System

The p r im ary  o r  c a r r i e r  gas was e i t h e r  b o t t l e d  n i t r o g e n  o r  a i r  

ta k en  from th e  U n iv e r s i t y  l i n e s . The flow r a t e  was 10 cu b ic  f e e t  p e r  

hour as m easured by a flow m eter  m anufac tu red  by th e  V ic to r  Equipment 

Company o f  San F r a n c i s c o ,  C a l i f o r n i a .  The gases  to  be examined (s e c o n ­

dary  g a se s )  were s ta n d a r d  b o t t l e d  gases  ex ce p t  f o r  methane ( c i t y  gas)  

which was ta k en  from th e  U n iv e r s i t y  l i n e s »

C. M ete r ing  Devices

Because o f  th e  sm a ll  flow r a t e  o f  th e  secondary  gas ( g e n e r a l l y  

h y d ro g en ) ,  a means o f  c a l i b r a t i n g  th e  flow m ete r  was n eeded .  For t h i s  

pu rpose  th e  bubble m e te r  method f o r  gas flow measurements d e s c r ib e d  by

6



Levy was most p r a c t i c a l  , F ig u re  2 shows s c h e m a t ic a l ly  how Levy8s 

method was m o d if ied  to  ta k e  advan tage  o f  th e  a v a i l a b l e  eq u ip m en t.

By a l lo w in g  th e  gas under i n v e s t i g a t i o n  to  flow th ro u g h  the  flow 

m eter  a t  a p a r t i c u l a r  s e t t i n g  and a v e ra g in g  th e  time i t  took  f o r  soap 

bubbles  to  t r a v e l  11.2 in ch es  up th e  c a l i b r a t e d  tu b e ,  i t  was p o s s i b l e  

to  de te rm in e  th e  r a t e  o f  flow fo r  each  s e t t i n g  o f  th e  flow  m e te r .  Typ­

i c a l  r e s u l t s  f o r  t h i s  c a l i b r a t i o n  o f  m e te r  s e t t i n g s  to  flow r a t e  a r e  

shown in  F ig u re  3. A s im ple  c o n v e rs io n  f a c t o r  co n v e r te d  th e  flow r a t e  

o f  th e  secondary  gas i n t o  p e r  cen t  o f  th e  e n t i r e  flow on a volume b a s i s .  

A f te r  th e  c a l i b r a t i o n  was com ple ted , th e  bubble  a p p a ra tu s  was d i s c o n ­

n e c te d  from th e  system .

D. D e te c t io n  System

99.995$ p a l la d iu m  w ir e ,  0 .01  in c h  in  d ia m e te r ,  was used  fo r  th e  

i o n i z e r .  The a p p a re n t  s u r f a c e  a re a  o f  th e  p a l la d iu m  f i l a m e n t  was 0.0472 

sq u a re  in c h e s .  The c o l l e c t o r  was 0.032 in c h  d iam ete r  n i c k e l  w ire  c o i l e d
r

around th e  f i l a m e n t .  The a l t e r n a t i n g  c u r r e n t  f o r  h e a t in g  th e  f i l a m e n t  

was c o n t r o l l e d  by a V a r ia c  th ro u g h  an i s o l a t i o n  t r a n s f o r m e r .  A v o l t ­

m e ter  was used  to  in s u r e  t h a t  th e  p ro p e r  v o l t a g e  was m a in ta in e d .  The 

c o l l e c t o r  was n e g a t iv e l y  b ia s e d  by a s ta n d a r d  67v5 v o l t  dry  c e l l  e n ­

c lo se d  in  a F araday  cage . The ion  c u r r e n t s  were m easured by a Model 

204-A KIN TEL E l e c t r o n i c  Galvanom eter whose s e n s i t i v i t y  was £  0.001 

m icroam peres f u l l  s c a l e  to  ^  1 m iliam pere  f u l l  s c a l e  in  seven  r a n g e s .

The pyrom eter  used  to  measure th e  f i l a m e n t  te m p e ra tu re  was a Model $95 

Pyro M ic ro -O p t ic a l  Pyrom eter m anufac tu red  by th e  Pyrom eter In s t ru m e n t  

Company o f  B e r g e n f i e ld ,  New J e r s e y .  The e v a c u a to r  fan  was a 110 v o l t  

s q u i r r e l  cage blower e x h a u s t in g  to  th e  a tm osphere .



IV. EXPERIMENTAL PROCEDURE

Ae I n i t i a l  A c t iv a t io n  o f  Equipment

I n / o r d e r  to  in s u r e  th e  a c c u ra c y  o f  th e  d a ta  and to  p re v e n t  th e  

bu rnou t o f  th e  p a l la d iu m  f i lam en t^  th e  a p p a ra tu s  was always p u t  in to  

o p e r a t io n  by fo l lo w in g  c e r t a i n  s t e p s .  The p rim ary  flow ( n i t r o g e n  o r  

a i r )  was tu rn e d  on and th e  e v a c u a to r  fan  was tu rn e d  on. Th is  s t a r t e d

th e  flow o f  gas th ro u g h  th e  system . The n e x t  s te p  was to  h e a t  the  p a l ­

ladium f i lam en t*  T his  was accom plished  by a d j u s t i n g  th e  V a r ia c  so t h a t  

a 12 .8  v o l t  p o t e n t i a l  e x i s t e d  a c ro s s  th e  f i l a m e n t .  A v i s u a l  check w i th

th e  o p t i c a l  py rom ete r  a f t e r  th e  f i l a m e n t  was h e a ted  in s u re d  t h a t  a tem­

p e r a t u r e  c lo s e  to  850 °C was a t ta in e d *  The f i n a l  s te p  was to  n e g a t iv e l y  

charge  th e  n i c k e l  c o l l e c t o r  by c o n n e c t in g  th e  ion  c u r r e n t  c i r c u i t .

B. I n t r o d u c t io n  o f  Gas

A f te r  w a i t in g  f i f t e e n  m inu tes  to  in s u r e  th e  s t a b i l i t y  o f  the  

base c u r r e n t ,  th e  seco n d ary  gas to  be examined was m e te red  in t o  th e  m ix­

ing  chamber. For each  run  th e  gas was a l low ed  to  flow f o r  s i x t y  seconds 

and then  tu rn e d  o f f .  While th e  gas was f lo w in g ,  th e  change in  io n i c  

c u r r e n t  was m easured . T h is  p ro ced u re  was r e p e a te d  t h r e e  tim es fo r  each  

s e t t i n g  o f  th e  flow m e te r  and th e  ave rage  io n i c  c u r r e n t  change r e c o rd e d .  

A f te r  each  i n f l u x  o f  g a s ,  th e  system  was a l low ed  to  r e t u r n  to  th e  o r i g i ­

n a l  base  c u r r e n t  r e a d in g  b e fo re  in t r o d u c in g  more g a s .  A f te r  th e  th r e e  

re a d in g s  were taken  a t  one m e te r  s e t t i n g ,  th e  secondary  flow  m e te r  was 

a d ju s t e d  to  a new v a lu e .
8
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V. RESULTS

A, D e te rm in a t io n  o f  Optimum F ila m en t T em perature

The f i r s t  s e r i e s  o f  experim en ts  was run  to  d e te rm in e  the  p ro p e r  

f i l a m e n t  te m p e ra tu re  f o r  maximum s i g n a l  to  n o is e  r a t i o .  Th is  was a c ­

com plished  by u s in g  a c o n s ta n t  m ix tu re  o f  0 .98  p e r  c en t  hydrogen in  n i ­

t ro g e n  by volume. W ith t h i s  m ix tu re  ru n n in g  th ro u g h  th e  a p p a ra tu s  th e  

te m p e ra tu re  o f  th e  f i l a m e n t  was v a r i e d  by changing  th e  su p p ly  v o l t a g e .  

With each  change in  v o l t a g e  th e  s i g n a l  to  n o is e  r a t i o  a l s o  changed.
j Q

F ig u re  4 c l e a r l y  i n d i c a t e s  t h a t  a te m p e ra tu re  o f  abou t 850 C i s  b e s t  in

term s o f  s i g n a l  to  n o is e  r a t i o .  This  i s  in  good agreem ent w i th  th e  r e -  
4

s u i t s  o f  F in ch  on p la t in u m .

I t  sh o u ld  be n o te d  h e re  t h a t  th e  o p t i c a l  pyrometer, was c lo se  to
o

th e  end o f  i t s  e f f e c t i v e  range  a t  850 C. For t h i s  re a so n  th e  above 

v a lu e  o f  850 °C can on ly  be a c c e p te d  as a c c u r a te  to  /  15 ° c .  In  th e  

l a t e r  e x p e r im e n ta l  work th e  f i l a m e n t  te m p e ra tu re  was rep ro d u ced  each 

tim e by u s in g  th e  same c u r r e n t  and v o l t a g e .  O ccas io n a l  checks w i th  th e  

pyrom eter  gave th e  15 °G sp re a d  in d i c a t e d  above. In  f u tu r e  experim en ts  

we hope to  makex use  o f  an i n f r a r e d  py rom eter  to  m easure f i l a m e n t  tem per­

a t u r e s  more a c c u r a t e l y .

B, Hydrogen in  N i t ro g e n  and in  A ir

The e x p e r im e n ta l  curve in  F ig u re  5 shows th e  r e s u l t s  o f  runs  a t  

850 °C f o r  v a r io u s  r a t i o s  o f  hydrogen in  n i t r o g e n .  A s e r i e s  o f  p o in t s  

f o r  hydrogen in  a i r  m ix tu re s  a r e  a l s o  shown and i t  i s  c l e a r  t h a t  th e

9
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r e a c t i o n  i s  e s s e n t i a l l y  in dependen t o f  th e  p re se n c e  o f  oxygen»

Co O ther Gases

T e s t  runs  in  pu re  a i r ,  carbon d io x id e ,  n i t r o g e n  and methane 

( c i t y  gas)  gave no r e s p o n s e • There was some s e n s i t i v i t y  to  carbon mon­

ox ide  in  n i t r o g e n ,  bu t th e  m ix tu re s  needed  to  produce a re sp o n se  were 

q u i t e  r i c h  in  carbon monoxide (4 o r  5%) and t h i s  sh o u ld  n o t  be im p o rtan t  

in  most cases  where hydrogen i s  to  be d e t e c te d .  F reon-12  a l s o  showed a 

re sp o n se  when a m ix tu re  above 12 p e r  c e n t  Freon in  a i r  was u sed .  Such 

a m ix tu re  would a l s o  be u n l i k e l y  under th e  c o n d i t io n s  where hydrogen i s  

to  be d e t e c te d .



V I. DISCUSSION AND CONCLUSIONS

I t  i s  c l e a r , from F ig u re  5 t h a t  th e  system  has ample s e n s i t i v i t y  

and s i g n a l  to  n o is e  r a t i o » The s e n s i t i v i t y  can be ex tended  to  w e l l  b e ­

low 0 .1  p e r  c e n t  hydrogen in  a i r  by use  o f  a l a r g e r  i o n i z in g  s u r f a c e .

N i t ro g e n  was used  as a p r im ary  o r  c a r r i e r  gas f o r  most o f  th e  

t e s t i n g  because  o f  i t s  in h e re n t  s a f e t y .  O p e ra tio n  a t  hydrogen in  a i r  

r a t i o s  above 10 p e r  cen t  i s  f e a s ib l e ^  bu t c a l i b r a t i o n  must be done in  a

p r o t e c t i v e  e n c lo s u re  because  th e  lower e x p lo s iv e  l i m i t  i s  4 .0 0  p e r  c e n t  
1

hydrogen in  a i r  .

The d e t e c t o r  i s  q u i t e  s p e c i f i c  f o r  hydrogen, however, th e  e x a c t

p ro c e s s  by which hydrogen i s  io n iz e d  by p a l la d iu m  i s  d i f f i c u l t  to  u n d e r -
12 ,13 ,14

s ta n d .  A c a r e f u l  s e a r c h  o f  th e  l i t e r a t u r e  r e v e a l s  c o n f l i c t i n g

o p in io n s  and some a u th o rs  q u e s t io n  t h a t  th e  s u r f a c e  i o n i z a t i o n  p ro c e ss  
14

even e x i s t s  . F u r th e r  i n v e s t i g a t i o n s  a re  needed to  s e t t l e  th e  d e b a te .  

One means o f  i n v e s t i g a t i o n  would be to  d i r e c t  th e  ions  from th e  h ea ted  

f i l a m e n t  i n t o  a m a ss - sp e c tro m e te r  f o r  a n a l y s i s  and t h i s  w i l l  be done in  

a f u tu r e  ex p e r im en t .

From th e  d a ta  p r e s e n te d ,  th e  r e s u l t s  o f  t h i s  e x p e r im e n ta l  dev ice  

may be e x t r a p o la t e d  to  in c lu d e  o t h e r ,  s i m i l a r  d e v i c e s 0 The work o f  

F in ch  and S tim son In c .  c i t .  i n d i c a t e s  t h a t  s p e c i f i c  m e ta ls  may be used  

as i o n i z e r s  f o r  v a r io u s  g a s e s .  T h is  m ight p e rm it  th e  development o f  new 

d e t e c to r s  t h a t  cou ld  o p e ra te  a t  a tm o sp h e r ic  c o n d i t io n s  w i th o u t  th e  b u rn ­

o u t  problem s a t t e n d a n t  upon th e  h o t  f i l a m e n ts  used fo r  c h e m iso rp t io n  d e ­
l s

t e c t o r s
11



APPENDIX

The c a l i b r a t i o n  o f  th e  Dohrmann flow m eters  was e f f e c t e d  by use 

o f  a m o d if ied  bubble m e te r  method*^. The d ev ice  c o n s i s t s  o f  a 1 l i t e r  

g la s s  b e a k e r ,  a th r e e - h o le d  ru b b e r  s to p p e r ,  two g la s s  i n l e t  p ip e s ,  a 

tw e n ty - fo u r  in c h  p ie c e  o f  g la s s  tu b in g ,  a ru b b e r  e a r  s y r in g e  and some 

l i q u i d  soap s o l u t i o n .

The s e t - u p  i s  shown s c h e m a t ic a l ly  in  F ig u re  2. A p a r t i c u l a r  

s e t t i n g  o f  th e  flow m e te r  i s  chosen and th e  secondary  gas i s  a l low ed  to  

flow th ro u g h  th e  a p p a r a tu s .  By sq u eez in g  th e  e a r  s y r in g e ,  th e  l e v e l  o f  

th e  l i q u i d  soap i s  r a i s e d  u n t i l  i t  touches  th e  bottom o f  th e  g la s s  t u b ­

in g .  A f te r  to u c h in g  th e  bottom o f  th e  g la s s  tu b in g ,  th e  l e v e l  i s  a l ­

lowed to  go down and a bubble  forms on th e  bottom o f  th e  tu b e .  Because 

o f  th e  gas p r e s s u r e ,  th e  bubble r i s e s  up th e  tu b e .  A f te r  th o ro u g h ly  

w e t t in g  th e  s id e s  o f  th e  tu b in g  by a l lo w in g  s e v e r a l  bubb les  to  r i s e  up 

th e  tu b e ,  th e  e f f e c t  o f  any f r i c t i o n  on th e  s id e s  o f  th e  tube  i s  n e a r l y  

n e g l i g i b l e .

The tim e the  bubble ta k e s  to  pass  th e  g ra d u a t io n s  on the  g la s s  

tube  i s  p r o p o r t i o n a l  to  th e  r a t e  o f  flow o f  th e  secondary  g a s .  The d i s ­

ta n c e  between g ra d u a t io n s  was 11.2 i n c h e s . The i n t e r n a l  d ia m e te r  o f  th e  

tube  was 0*35 in c h .  The volume d i s p la c e d  by. th e  bubble  p a s s in g  was 

0.000625 cu b ic  f e e t . The r a t e  o f  flow o f  th e  secondary  gas i s  th e  v o l ­

ume d iv id e d  by th e  tim e r e q u i r e d  f o r  th e  bubble  to  t r a v e l  between th e  

g r a d u a t io n s .  The p e r  c e n t  o f  the  e n t i r e  flow  i s  eq u a l  to  th e  r a t e  o f

12



flow  o f  th e  secondary  gas d iv id e d  by th e  r a t e  o f  flow o f  th e  combined 

p r im ary  and secondary  g a s e s .

The acc u racy  o f  t h i s  method i s  in f lu e n c e d  by two f a c t o r s . The 

f i r s t  i s  th e  a b i l i t y  o f  th e  o b s e rv e r  to  m a in ta in  th e  flow  m e ter  a t  the  

p ro p e r  s e t t i n g .  The second i s  th e  a b i l i t y  o f  the  o b s e rv e r  to  a c c u r a t e l y  

tim e th e  movement o f  th e  b ubb le .  The v a r i a t i o n s  in  th e  flow  m e te r  were 

m inim ized  by m a in ta in in g  a c o n s ta n t  p r e s s u r e  from th e  b o t t l e d  n i t r o g e n  

gas su p p ly .  The v a r i a t i o n s  in  th e  t im in g  were m inim ized by ta k in g  th e  

average  o f  r e p e a te d  r u n s . The maximum d e v ia t io n  from th e  ave rage  was 

o n ly  one second .

A t y p i c a l  r e c o rd in g  f o r  hydrogen i s  shown in  th e  t a b l e  below;

M eter Reading 
( g l a s s  b a l l )

Average Time 
( s e c )

Flow R ate  
( f t ^ / h r )

Base Flow 
( f t 3/ h r )

$ Gas

1 .5 69 0.0326 10 0.325
2 .0 4 2 .5 0.0529 10 0.527
3 .0 23 0.0977 10 0.968
3 .5 17 0.1322 10 1.305
5 .0 10 0.2250 10 2 .2 0 0
7 .0 6 0.3750 10 3 .620

Using th e s e  f i g u r e s ,  a c a l i b r a t i o n  g raph  as shown in  F ig u re  3 

was c o n s t r u c t e d .
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