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1.0 INTRODUCT ION 

A problem i n  gas-cooled reac to r  design i s  l oss  o f  g r a p h i t e  from the  
r e a c t o r  co re  by r e a c t i o n  w i t h  o x i d i z i n g  gases i n  t he  coo lan t .  Th i s  problem 
can be f u r t h e r  compounded by t h e  r e v e r s i b l e  na tu re  o f  one o f  these reac t i ons :  

The forward r e a c t i o n  i s  f avo rab le  a t  h i g h  teniperaturesl w h i  l e  a t  low tenpera- 
t u r e s  t he  reverse r e a c t i o n  may become favo rab le  and i t  i s  ca ta l yzed  by s o l i d  
surface area. Th i s  change can be shown by  cons ide r i ng  t h e  e q u i l i b r i u m  

' c o n s t a n t  f o r  t h e  reac t i on ,  C02 + C --+ 2 CO ( see  F i g .  1) .  The e q u i i i b r i u m  
cons tan t  f o r  the  fo rward  r e a c t i o n  becomes l e s s  than u n i t y  a t  approx imate ly  
970°~ ,  thus, i n d i c a t i n g  t h a t  t h e  reverse reac t i on ,  2 C O  4 C02 + C, would 
be more f avo rab le  a t  temperatures l ess  than 970°K. The reverse  r e a c t i o n  has 
been known f o r  some t ime i n  the  water  gas r e a c t  ion  and i n  s t e e l  making 3,4 
and i t  has been s t u d i e d  t o  some e x t e n t  i n  r e l a t i o n  t o  gas-cooled reac to rs .  5 ,6 
These two reac t i ons  make p o s s i b l e  a  carbon t r a n s p o r t  loop which cou ld  be 
s e t  up i n  a  gas-cooled r e a c t o r  where g r a p h i t e  would r e a c t  w i t h  C02 i n  t he  
h o t  core.and carbon would be deposi ted i n  t h e  coo lan t  hea t  exchanger w h i l e  . 
genera t ing  COz which would be sent  back t o  t h e  r e a c t o r  core  ( s e e  F ig .  2 ) .  

I f  t he  r e a c t i o n  r a t e s  were h i g h  enough, a  s i g ~ i f i c a n t  q u a n t i t y  o f  
g r a p h i t e  cou ld  be removed f rom the  r e a c t o r  and depos i ted  I n  ths heat  exchanger. 
Th i s  cou ld  cause change i n  c r i t i c a l i t y  c o n d i t i o n  i n  t he  core and excess ivz 
pressure drop i n  t h e  heat  exchanger. Therefore, i t  i s  d e s i r a b l e  co knaw t h e  
k i n e t i c s  of t he  reac t i ons  invo lved  so t h a t  adequate des ign l i m i t s  can be 
p laced on to2  contaminat ion,  e t c .  Some work has been done i n  t h i s  f i e l d , 5 ~ ~ $ ~ , ~  
b u t  i t  was ma in l y  e m p i r i c a l  i n  ns tu re ,  and i t  covers s p e c i f i c  m a t e r i a l s  and 
ope ra t i ng  cond i t i ons  n o t  n e c e s s a r i l y  usable i n  our  GCR program. As a  r e s u l t ,  
t he  pub l i shed l i t e r a t u r e  proves t o  be c o n t r a d i c t o r y  when more genera l  use of 
i t  i s  acternpted. 

Thf,grevious work w i t h  d i r e c t  GCR a p p l i c a t i o n  i s  t h a t  o f  An t i 11  and 
Peakal l  who d i d  some work f o r  t h e  B r i t i s h  HTGCR. I n  t h e i r  work, t h e  
forward r e a c t i o n  ( C02 + C 4 2 CO) was t es ted  w i t h  severa l  types of g r a p h i t e  
a t  1  atm w i t h  an argon d i l u e n t .  The reverse r e a c t i o n  ( 2  CO -+ C + ~ 0 ~ )  was 
a l s o  s tud ied  a t  f a i r l y  h i g h  CO concentrat ions.  A n t i l l  and Peaka l l  no ted  
t h a t  t h e  r e a c t i o n  r a t e s  were i n f l uenced  by temperature, f l o w  r a t e ,  concentra- 
t i o n ,  and type o f  g raph i t e .  However, they  d i d  n o t  e s t a b l i s h  t he  r e a c t i o n  
mect-anism and t h e i r  r e s u l t i n g  emp i r i ca l  r e l a t i o c s h i p s  have l i m i t e d  app l i ca -  
t i o p .  

It would be d e s i r a b l e  t o  have k i n e t i c  i n fo rma t i on  o f  more genera l  use 
such as mechanisms o f  r eac t i ons .  If t h i s  i s  n o t  poss ib le ,  t h e  e m p i r i c a l  
c o r r e l a t i o n s  f o r  t he  k i n e t i c s  o f  t h e  two reac t i ons  o f  i n t e r e s t  should cover , 

t he  range o f  ope ra t i ng  c o n d i t i o n s  a n t i c i p a t e d  i n  f u t u r e  GCR systens. 





2.0 PROPOSED PROGRAM 

I t  I s  proposed t h a t  the U n i t  Operations Section o f  the Chemical Technology 
D iv i s ion  i n i t i a t e s  a program i n  which a study i s  made on the dynamic k i n e t i c s  
of the two react ions:  

The experimental program should have app l i ca t ion  over the range of operat ing 
condi t ions an t i c ipa ted  i n  present and f u t u r e  gas-cooled reactor  concepts i n  
which hel ium i s  used f o r  the coolant .  The range of operat ing cond i t ions  
should be: 

Temperature o f  C02 react  ion  - 400 - ~ O O O ~ C  
Temperature o f  CO reac t ion  - 20 - 4 0 0 ~ ~  
Pressure - 1 - 60 atm 
CO and C02 concentrat ions - 1 - 1000 ppm by vol 
Reynold's Number of t o t a l  gas f l ow  - 50 - 50,000 

Various types o f  g raph i te  should be tes ted dur ing the program. The two 
react ions should be invest iga ted separately and together i n  a closed loop 
i f  possib le.  

It should be des i rab le  t o  determine e f f e c t s  o f  r a d i a t i o n  on the k i n e t i c s  
o f  the react ions by u t i l i z i n g  an e x i s t i n g  reactor  loop for  some check t e s t s .  

Some components o f  the Helium P u r i f i c a t i o n  Test F a c i l i t y  present ly  I n  
use In Bdi i d  ing 4505 could be used f o r  the experimental p o r t  Son of t h i s  
program; however, some add i t i ona l  equipment would have t o  be fab r i ca ted  
and i n s t a l l a d  t o  epsure t e s t i n g  over the e n t i r e  range of proposed cond i t ions .  
The expes i m n t a l  apparatus would include ( 1)  prov is ions f o r  cont lnuousl y 
measuring weight change of various graph i te  shapes i n  an enclosed, heated 
vessel through which the synthcslzed contaminated coolant could be metered, 
(2)  a s l m i  l a r  vessel i n  which the continleolms weight change o f  various 
amounts o f  metal tu rn ings o f  known surface a!-sa can be determined, (3) a 
gas adsorpt ion chromatograph for  accura te ly  measuring the CO and COe 
content o f  the gas stream a t  any p o i n t  i n  the system, and (4) necessary 
gas blower, metering device, end gas heater and coolers ( see  F ig .  3 ) .  

4.0 MAN POWER LEVEL AND PROGRAM PROGRESS 

I t  i s  a n t i c i p a t e d  t h a t  a t o t a l  man power l eve l  of three mew would be 
adequate f o r  t h i s  program f o r  FY 1962. The f o l  lowing program schedule 
e w l d  be followed dur ing the remainder of FY 1962: 



September-November - L i t e ra tu re  survey and equipment design 
December-January - L i t e ra tu re  survey and equipment f ab r i ca t i on  

and i n s t a l  l a t i o n  
February-June - Shakedown of  experimental f a c i l i t y  and 

experimental work 

REFERENCES 

1. MGCR Staff, "Evaluation o f  Coolants and Moderators f o r  the Marit ime 
Gas-Cooled Reactor (MGCR) ," T ID-4500 ( 1958) . 

2. 0. A. Hougen and K. M. Watson, "chemical Process Pr incip les,"  Vol. II, 
p. 712, John Wiley and Sons, New York ( 1 9 3 ) .  

3.  J +  H. Perry, Ed i tor ,  "Chemical Engineers Handbook," .3rd Edi t ion,  p. 1579, 
McGraw-H I 1 1 Book Co., New York ( 1950) . 

. 4 .  P. H. Emmett, "Catalysis," Vol. I V ,  p. 388-417, Reinhold, New York (1956). 

5. J. E. A n t i l l ,  K. A. Peakall, ItCoolant P u r i t y  i n  the HTGCR,"AERE-R-~O~O 
( 1959) 

6. J. E. A n t i l l ,  K. A. Peakall, "Removal of  Graphite by Gaseous lmpur i t les  
i n  the HTGCR," AERE M/M 201 (1958). 

7. J. W. Pradas, !?Estimation of React Ton and Heat Release Rates f o r  Graphite 
~ x l d a t i o n , ~ '  ORNL CF 60-10-131 ( 1960). 

8. D. D .  Eley, P. W. Selwood, and P. B.  Weisz, Ed i tors ,  "Advances i n  
Catalys is and Related Subjects," Vol. X I ,  p. 133-221, Academic Press, 
~ e w  York ( 1959) . 




