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ABSTRACT 

The oxidiz ing ca t a ly s t  f o r  t he  EGCR helium pur i f i ca t ion  system 
i s  t o  be a Ni-Cr-Pd ribbon ca ta lys t  manufactured by the  American 
Metals Products Company. This ca ta lys t  has been evaluated f o r  a 
range of operating parameters f o r  t he  oxidation by oxygen of hydrogen, 
carbon monoxide, and methane i n  a flowing stream of helium a t  300 ps ia .  
Empirical corre la t ions  su i tab le  f o r  design purposes were determined 
f o r  the  e f f e c t s  of  temperature i n  t h e  range of  4 0 0 - 6 0 0 ~ ~ ;  t o t a l  gas 
mass flow r a t e  i n  t h e  range of 0.083 t o  1.00 g-mles/cm2-min; and 
contaminant l eve l s  i n  the  range of -0.5 t o  2 .0  vol  $. The ex i s t i ng  
oxidizer  i s  adequate f o r  oxidation of  ant ic ipated maxfmum hydrogen 
and carbon monoxide contamination i f  t h e  allowable e f f l uen t  oxygen 
concentration i s  g rea te r  than 10 ppm. I f  methane oxidation capacity 
i s  desi red,  the  allowable e f f l uen t  oxygen concentration must be 
above 100 ppm o r  the  ca t a ly t i c  oxidizer  must be made i a rge r .  

This  document contains information of a preliminary nature and was prepared 
primarily for internal use at ?he Cak Ridge Not ional Laboratory. I t  i s  subject 
t o  revision or correction and therefore does not represent a f inal  report. The 
information i s  not to  Le abstracted, reprinted or otherwise given publ ic  d is -  
semination without the approval of the ORNL patent branch, Legal  anci Infor- 
mation Control Department. 
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L E G A L  NOTICE 

T h i s  report wos prepored o r  on occount o f  Government sponsored work. Nei ther  the Uni ted States, 

nor the Commission, nor ony person oct ing on behol f  of the Commission: 

A. Mokes any worronty or representotion, expressed or implied, w i t h  respect t o  the  occurocy. 

completeness, or usefulness of the informotion contained i n  th i s  report, or thot  t he  use o f  

ony informotion, opparotus, method, or process d isc losed i n  th i s  report moy not  in f r inge 

pr ivote ly  owned rights; or 

0 .  A!;sumes ony liabilities w i th  respect t o  the use of, or for domoges resul t ing from the use of 

ony informotion, apporotus, method, or process d isc losed i n  th i s  report. 

A s  used i n  the obove, "person oct ing on behol f  of the Commission" inc ludes ony employee or  

contractor of the Commission, or employee of such controctor, t o  the extent  thot  such employee 

or controctor of the Commiss~on,  or employee of such controctor prepares, disseminotes, or 

provides occess to, any informotion purruont t o  h i s  employment or controct w i th  the  Commission, 

or h i s  employment w i t h  such controctor. 



1.0 INTRODUCTION 

The catalyst  t o  be used i n  the  EGCR helium purif icat ion system f o r  
oxidation of  hydrogen, carbon monoxide, and hydrocarbons i s  t o  be nickel-  
chromium ribbon with activated palladium on i t s  surface. The oxidizing 
uni t  was designed to meet very r e s t r i c t ed  specifications which do not allow 
for hydrocarbon oxidation. There i s  no information available on the  e f f ec t s  
of change i n  operating temperature, gas mass flow ra t e  o r  contaminant con- 
centration. It w a s  necessary t o  obtain kinet ic  information on the  American 
Metals Products catalyst  over the  range of  operating parameters which may 
occur in  the EGCR purif icat ion system. 

This report  presents the  experimental data  and correlations resu l t ing  
from a study of the oxidation by oxygen of  hydrogen, carbon monoxide, and 
methane i n  a flowing stream of  helium catalyzed by the  American Metals 
Products ca ta lys t  a t  the  anticipated pressure of t he  EGCR purif icat ion 
system (300 psia);  i n  the  temperature range of  400-600*~, gas mass flow 
ra t e s  of  0.083 - 1 .OO g-moles/cm2-min; and contaminant concentration range 
of -0.5 t o  2.0 vol $. Equat ionsere  derived which a re  sui table  f o r  predict-  
ing the  effectiveness of  the  oxidizer. 

The t e s t s  and data  correlation a re  for  a r e l a t ive ly  narrow range of 
operating conditions which w i l l  be usable f o r  the EGCR purif icat ion system 
and similar applications.  Work was purposely l imited i n  scope so t h a t  usable 
data  would be available f o r  EGCR use i n  a short  time. 

2.0 SPECIFICATIONS AND PROPERTIES OF EGCR CATALYTIC OXIDIZER 

The ca ta ly t ic  oxidizer furnished by American Metals Products Company 
is  a vessel 8-in.-13 by 7.5-in. deep f i l l e d  with t h e i r  nickel-chrome-palladium 
ribbon catalyst .  

2.1 Properties of  Catalyst 

The ca ta lys t  i s  nickel-chrome metal ribbon coated with activated palladium. 
A typical  gross chemical composition of the  ca ta lys t  is: 

Nickel - 58.3$ 
Chromium - 31.3$ 
Palladium - 1.14 

The ribbon i s  metal l ic  i n  form and has the following dimensions: 

Length - variable 
Width - 0.036 - 0.037 inches 
Depth - 0.005 - 0.006 inches 

The packed density of  the  ribbon ca ta lys t  i n  a ca ta ly t ic  un i t  obtained from 
the  company was 0.384 g/cc. Specific surface area was approximately equal 
t o  the exter ior  surface o f  the  ribbon. 

2.2 Catalytic Unit Specifications (1-3) 

The design performance specifications f o r  the  ca t a ly t i c  un i t  a re  as follows: 





& l e t  gas (300 ps ia  and 2 6 0 ' ~  t o  7 0 0 " ~ )  

Component Vol $ 

He 
C 0 
H2 
con 
Nz 
H20 
Hydro carbons 
Fission Products 

95.0 
2.3 m x  
2.3 max 
0.2 
0.1 

t race  
t race  
t r ace  

Effluent gas (based on 650 '~  i n l e t  and 300 ~ s i a )  

Maximum Content 
Component ppm by vol 

Gas feed r a t e  to oxidizer:  

3.0 EXPERIMENTAL WORK 

3.1 Reagents 

The gases used i n  the  t e s t s  were of the following grades: 

Helium Navy Grade A, puri ty  -loo$ 
Hydrogen 99 w 54% puri ty  
Carbon Monoxide 99 5% puri ty  
Methane 99 oqb puri ty  
Oxygen 99 * 5$ puri ty  

3.2 Experimental Fac i l i ty  

A l l  t e s t  e r e  made i n  the  Gas Cooled Reactor Helium Coolant Purification 
Test F a ~ i l i t y ~ ~ ~ ( F ' i g .  3- 1 )  This f a c i l i t y  i s  capable of synthesizing con- 
taminated helium with hydrogen, carbon monoxide, and methane, and oxygen 
addition to the contaminated gas is  possible. 

The 2-in.-dia oxidizers which are  components of the system were used i n  
t h i s  study. Oxidizers were fabricated from 2-in.-dia schedule 80 s t a in l e s s  
s t e e l  pipe with high-pressure (600 p s i )  flanges at e i the r  end ( ~ i ~ .  3.2).  
Catalyst bed depths of 1 to 4 in .  were used i n  the oxidizers with thermo- 
couple probes every 2 in .  within the  vessels. Each oxidizer w a s  in te rna l ly  
insulated a t  the  top and bottom and externally heated and insulated by a 
tube f'urnace. In some t e s t s  a 1-in.-ID inser t  was used i n  the  oxidizer t o  
allow higher gas mass veloci t ies .  Helium contaminated with 0 - 2% hydrogen, 
0 - 2% carbon monoxide, 0 - 1$ methane, and 0 - 24% oxygen a t  0 - 325 psig,  
30 - 600 O C ,  and gas flow ra t e s  of 0 - 120 slpm can be delivered t o  the oxidizer.  
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Fig. 3.2. 2-in. oxidizer in helium purification test facility without 

external heater. 



3.3 Experimental Procedure 

All  t e s t s  were made by the followfng procedure: 

1. The oxidizer was charged with the proper amount of  ca ta lys t  and 
heated t o  the  specified operating temperature. 

2. A preheated stream of pure helium was then introduced t o  the  
oxidizer and the  ca ta lys t  bed was allowed t o  reach thermal equi l ib-  
r ium.  

3. A predetermined, constant r a t e  of  contaminant (hydrogen, carbon 
monoxide, o r  methane) was introduced t o  the gas stream. 

4. Oxygen was introduced t o  the  gas mixture just  p r io r  t o  i ts  entry 
t o  the  2-in. oxidizer o r  t o  a point jus t  below the  ca ta lys t  bed 
a t  an i n i t i a l ,  constant r a t e  l e s s  than tha t  required t o  give a 
s toichionetr ic  amount. 

5. The oxygen flow r a t e  was increased a s  a s tep function periodically 
u n t i l  there  was no contaminant (&, CO, o r  C H ~ )  i n  the  reactor o f f -  
gas or  u n t i l  the  oxygen addition r a t e  was greater  than necessary 
t o  give a stoichiometric mount. 

6. The oxidizer off-gas was sanpled periodically by a gas adsorption 
chromatograph using comparative thermal conductivity measurements, 
and check samples were taken for  analysis by mass spectrometry. 
The lower l i m i t  of  detection of hydrogen by the  chromatograph was 
-10 ppm and fo r  t he  oxygen, carbon monoxide and methane was -5 ppm. 

3.4 Experimental Data 

From the experimental data taken it was possible t o  determine the  oxygen 
and contaminant concentration i n  the helium gas stream pr ior  t o  i t s  entry  
t o  the  oxidizer and i n  the oxidizer off-gas.  Thus, it was possible t o  de te r -  
mine the effectiveness of a specif ic  amount of ca ta lys t  under the  various 
experimental conditions. 

Catalytic Oxidation of  Hydrogen. Fsurteen t e s t s   a able 3 . la )  were made 
a t  400 - 600°C and 300 ps ia  with ca ta lys t  bed depths of  1 t o  4 in .  i n  a l - i n .  - 
I D  and 2-111. - I D  vessel  f o r  the catalyzed reaction,  & + 1/2 02 = &0. Gas 
mass flow ra t e s  of 0.083 t o  1.0 g mole/cm2-min were used; and i n i t i a l  hydrogen 
concentrations were 0.51 t o  1.96 vol  '$. 

Catalytic Ox ida t i~n  of  Carbon Monoxide. Twelve t e s t s   a able 3. l b )  were 
made a t  bed temperatures of  400 - 6 0 0 ' ~  and a t o t a l  pressure of 300 ps ia  f o r  
the  catalyzed reaction,  CO + 1/2 02 = C02. Gas mass flow ra t e s  of  0.083 t o  
1.0 g mole/cm2-min were used; the i n i t i a l  carbon monoxide concentration ranged 
from 0.44 t o  2.47 vol  $. 

Catalytic Oxidation of  Methane. Eight t e s t s   a able 3 . 1 ~ )  were made a t  
bed temperatures of  400 - 600°C and a pressure of  300 p ~ i a  f o r  the  catalyzed 
reaction CH4 + 2 02 = C02 + 2 H20. 

- 

Gas mass flow ra t e s  of  0.083 t o  1.0 g mole/ 










































