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This paper i s  concerned wi th  r ecen t  developments i n  g e n e r a t i n g  c o n t r o l l e d  atmospheres 
from gaseous hydrocarbon f u e l s  by r a a c t i o n  wi th  a i r .  
and c o n t r o l  have become a very  impor tan t  c o n s i d e r a t i o n  i n  many p rocesses ;  such a s  o r e  
bene f i ca t ion ,  m e t a l b e a t i n g  and food and chemical a p p l i c a t i o n s .  
gene ra t ing  of hydrogen a r e  excluded, s i n c e  t h e s e  have been covered i n  d e t a i l  i n  o t h e r  
papers  p re sen ted  a t  t h i s  symposium. 

Atmospheres, t h e i r  gene ra t ion  

Developments i n  t h e  

I .  ADIABATIC (HIGH CCMBUSTIBLES) .GENERATOR 

The inc reas ing  use  of newly 'developed o r  improved o r e  r educ t ion  processes  is c r e a t i n g  
requirements f o r  l a r g e  q u a n t i t i e s  of gaseous atmospheres f o r  t h e  r educ t ion  o f  metal 
ox ides . ,  I n  many cases ,  such as f o r  copper and i ron ,  a s i n g l e  pure  r educ tan t  is n o t  
r equ i r ed  and mixtures  of GO and H are s u i t a b l e ,  p rovid ing  t h e  r a t i o s  of CO/C02 and 
H /H20  a r e  c o n t r o l l e d .  
it l a r g e  q u a n t i t i e s  (100 M - 1 MM c f h )  is by means of a f i x e d  bed a d i a b a t i c  c a t a l y t i c  
r e a c t o r  a# rhovn i n  f low diagram i n  F igure  1. 

The atmosphere produced c o n s i s t s  of CO , CO, H2, H 0, N and unreac ted  CH , and t h e  
process  m y  be c a r r i e d  o u t  i n  s e v e r a l  k y s  dependizg on t h e  relative concbn t ra t ions  
o f  t h e  ox id iz ing  and reducing a g e n t s  needed. 

F igu re  1 incorpora t e s  two b a s i c  f low schemes, one wi th  a gas  p r e h e a t e r  and t h e  o t h e r  
wi thout  a p rehea te r .  
(CO+H ) of  t h e  product  g a s  is not  r equ i r ed  t o  exceed approximate ly  459.. I f  t he  pro-  
duc t  $as must c o n t a i n  45 t o  60% CO+H2, some e x t e r n a l  energy  is necessa ry  t o  s u s t a i n  
t h e  r eac t ion .  
of t h e  r e a c t o r .  The product gas  l eav ing  t h e  r e a c t o r  may be  d i scha rged& r e a c t o r  
temperature,  o r  superhea ted  t o  a h ighe r  temperature,  o r  i t  may be  coo led ,  The s e v e r a l  
o p t i o n s  a r e  shown on t h e  f low diagram. 

The s imples t  p rocess  is t h e  product ion  of t h e  45% combust ib les  atmosphere f o r  use a t  
r e a c t o r  d i scha rge  temporature.  

T o  produce 45% combust ib les  atmosphere, t h e  c a t a l y t i c  r e a c t o r  is f i r s t  brought t o  
approximate ly  1200'F by pass ing  ho t  a i r  through t h e  g e n e r a t o r .  
a t  a h igh  enough tempera ture  t o  start  t h e  r e a c t i o n  when t h e  r e a c t a n t s  a r e  in t roduced .  
Heating is accomplished by means of a s imple  excess  a i r  burner  and no i n d i r e c t  p re-  
h e a t e r  is r equ i r ed .  

A f t e r  t h e  r e a c t o r  is hot ,  r e a c t i o n  a i r  and desulphur ized  f u e l  g a s  are d e l i v e r e d  t o  
t h e  gene ra to r  a t  s u i t a b l e  pressure ,  very  a c c u r a t e l y  p ropor t ioned  and i n t i m a t e l y  
mixed. m e n  t h i s  mixture  is in t roduced  i n t o  t h e  c a t a l y t i c  r e a c t o r ,  t y p i c a l  re- 
forming r e a c t i o n s  occur .  The exothermic format ion  of C 0 2  occurs  n e a r  t h e  r e a c t o r  
i n l e t  and t h e  endothermic r e a c t i o n s  occur l a te r  so t h a t  a c h a r a c t e r i s t i c  tempera ture  
g r a d i e n t  p e r s i s t s  throughout t h e  c a t a l y s t  bed. The r e a c t o r  tempera tures  r a p i d l y  
a t t a i n  equi l ibr ium,  and canpos i t i on  of t h e  product  atmosphere becomes s t a b i l i z e d  
qu ick ly  so t h a t  a cons t an t  a n a l y s i s  of product  g a s  is a t t a i n e d  wi th in  minutes  a f t e r  
t h e  r e a c t i o n  is s t a r t e d .  I n  the  same manner, t h e  r e a c t o r  responds r a p i d l y  t o  changes 
i n  a i r - g a s  r a t i o s  t o  produce t h e  atmosphere d e s i r e d .  

2 I n  t h e s e  cases ,  one economical way t o  p repa re  such atmospheres 
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No p rehea t  is r equ i r ed  i f  t h e  meximum combust ib les  con ten t  

This energy  i s  convenient ly  provided by p rehea t ing  t h e  gases  ahead 

The c a t a l y s t  is then  
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The r e a c t o r  i s  shut  down by s imply c l o s i n g  t h e  gas  and a i r  v a l v e s  and a l lowing  t h e  
r e a c t o r  t o  c o o l .  S i n c e  it i s  h e a v i l y  i n s u l a t e d ,  i t  w i l l  lose t empera ture  s lowly  a r d  
may bc  r e s t a r t e t '  wi thout  p r e h e a t i n g  f o r  a number of  hours  a f t e r  shutdown. The length  
OK t i m e  w i l l  depenc! on the  s i z e  of t h e  u n i t  and i t s  o p e r a t i n g  c o n d i t i o n s .  This  i s  a 
very  d e s i r a b l e  f e a t u r e  f o r  a F p l i c a t i o n s d c r e  g a s  demands a r e  i n t e r m i t t e n t .  

The product ion  of a tmospheres  c o n t a i n i n g  z r e a t e r  than  45% combust ibles  r e q u i r e s  the  
u s e  of a p r e h e a t e r .  This  i s  an  i n d i r e c t  h e a t e r  used t o  h e a t  t h e  r e a c t a n t s  dur ing  
normal o p e r a t i o n  and t o  h e a t  t h e  a i r  t o  b r i n g  t h e  r e a c t o r  t o  i t s  s t a r t i n g  temperature .  
Other  components of t h e  system are i d e n t i c a l  t o  t h e  45% combust ib les  g e n e r a t o r .  

The tempera ture  of t h e  product  g a s  l e a v i n g  t h e  r e a c t o r  is  dependent upon t h e  type  of 
f u e l  g a s  used, a i r - g a s  r a t i o  and t h e  degree  of p r e h e a t  en2loyed.  It has  been found 
t h a t  t h e  water gas s h i f t  r e a c t i o n  ( C O + H 2 0 ~ C 0 2 + H  0 )  s t a y s  i n  e q u i l i b r i u m  wi th  the  
d i s c h a r g e  g a s  temperature  over  a w i d e  range of spa& v e l o c i t i e s .  
determined t h a t  the  unreac ted  Methane c o n t e n t  of t h e  product  g a s  v a r i e s  i n  a p r e -  
d i c t a b l e  manner with t h e  d i s c h a r g e  g a s  tempera ture  and t h e  space  v e l o c i t y .  Since 
system h e a t  l o s s e s  a r e  c a l c u a b l e  and small, i t  i s  f e a s i b l e  t o  c a l c u l a t e  a c c u r a t e l y  
t h e  a i r - g a s  r a t i o ,  space v e l o c i t y ,  and p r e h e a t  r e q u i r e d  t o  produce a s p e c i f i c  a n a l y s i s  
of  product  g a s .  This  i n  t u r n  permi ts  t h e  r a p i d  a t t a i n m e n t  of  e q u i l i b r i u m  c o n d i t i o n s  
a f t e r  s t a r t - u p .  F igure  2 shows t y p i c a l  r e a c t o r  o p e r a t i n g  da ta ,  u s i n g  n a t u r a l  g a s  o r  
commercial propane f u e l s  wi th  t h e  g e n e r a t o r  o p e r a t i n g  a t  r a t e d  c a p a c i t y .  Adjustments 
can be  made t o  o p e r a t e  anywhere w i t h i n  t h e  l i m i t s  of Tests 1 and 2 and a l s o  under  
somewhat l e a n e r  c o n d i t i o n s  than  shown i n  T e s t  1. The r e l a t i o n s h i p  between Methane 
and r c a c t o r  d i scharge  tempera ture  and space  v e l o c i t y  i s  shown i n  F i g u r e  3 .  

Major development c o n s i d e r a t i o n s  c e n t e r  around t h e  proper  des ign  o f  t h e  reactor 
c a t a l y s t  bed, means f o r  i n t r o d u c i n g  t h e  r e a c t a n t s  i n t o  t h e  bed, and t h e  s e l e c t i o n  
of  s u i t a b l e  c a t a l y s t  t o  make t h e  process  o p e r a t e  wi thout  exceeding t h e  tempera ture  
i t  l i m i t s  and withouf carbon d e p o s i t i o n .  
s u c c e s s f u l l y  meets t h e  a p p l i c a t i o n  requi rements .  

Approximate equipment and u t i l i t i e s  c o s t s  f o r  t y p i c a l  a d i a b a t i c  r e a c t o r s  are shown 
on F i g u r e  4 .  Equipment c o s t s  i n c l u d e  a i r  compressor and adequate  i n s t r u m e n t a t i o n .  
U t i l i t i e s  are  based on n a t u r a l  g a s  a t  5 0 C / M  s c f ,  and e l ec t r i c  power a t  3/4$/KWH. 
Product  gas  i s  a t  one atmosphere p r e s s u r e  and reactor temperature .  A photograph of 
a h i g h  combust ibles  a d i a b a t i c  reactor i s  shown i n  F i g u r e  5. 

It has  a l s o  been 

The equipment which has  been developed 

11. NITROGEN GENERATOR 

Ni t rogen  g e n e r a t o r s  a r e  widely used throughout  i n d u s t r y  f o r  purging,  b lanket ing ,  
h e a t  t r e a t i n g ,  and many o t h e r  o p e r a t i o n s  r e q u i r i n g  so c a l l e d  i n e r t  a tmospheres  t o  
i n s u r e  s a f e  o p e r a t i o n  a n d / o r  improved p r o c e s s i n g .  
can be  provided by many methods. S m a l l  demands are s a t i s f i e d  by u s i n g  c y l i n d e r  g a s ;  
l a r g e r  requirements  by o n - s i t e  product ion  v i a  a v a r i e t y  of methods. One inexpensive 
means i s  by removing C02and H 0 from the products  o f  combustion o f  hydrocarbon fue ls .  
The n i t r o g e n  produced c o n t a i n s  small  c o n c e n t r a t i o n s  of  CO and H2 which are g e n e r a l l y  
c o n t r o l l e d  between 0.5% and 4.077, making t h e  n i t r o g e n  s u f f i c i e n t l y  pure  f o r  t h e  
m a j o r i t y  o f  a p p l i c a t i o n s .  

The n i t r o g e n  f o r  such a p p l i c a t i o n s  
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A t  t h e  p r e s e n t  t i m e  numerous p u r i f i c a t i o n  systems and  g e n e r a t o r s  have been developed 
and are be ing  used f o r  t h i s  purpose.  
s o r p t i o n  system t o  remove 
hydra t ion .  
s o l u t i o n  which absorbs  C02 from the  p r o c e s s  g a s  and i n  t u r n  i s  r e g e n e r a t e d  hy u t i l i -  
z ing  t h e  exothermic h e a t  of  combustion r e l e a s e d  i n  the  p r e p a r a t i o n  of  t h e  process  g a s  
The a d s o r p t i o n  d r y e r s  a r e  normal ly  of t h e  t h e r m a l l y  r e a c t i v a t e d  alumina type.  These 
g e n e r a t o r s  are h i g h l y  developed, r e l i a b l e  and e f f i c i e n t  machines, b u t  a r e  s u b j e c t  t o  
c o r r o s i o n  problems. Over t h e  years ,  c o n s i d e r a b l e  work has  been done t o  circumvent 
t h i s  problem by many means, e s p e c i a l l y  u s i n g  dry  adsorbent  s y s t e m  t o  reriove both 

This  developmental  a c t i v i t y  has  i n c r e a s e d  w i t h  the  advent  of h i p h e r  

The m a j o r i t y  of such g e n e r a t o r s  u s e  a n  ad-  
and r e f r i g e r a t i o n  and/or  a d s o r p t i o n  systems f o r  de-  

T y p i c a l l y  t h e  C 0 2  a b s o r p t i o n  system i s  a c l o s e d  blonoethauolamine (ME%) 
CO 2 

CO2 and H 2 0 .  

1 

c 
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capacity adsorbents such as the Molecular Sieves. 

Many systems have been devised to apply these new adsorbents to the manufacture of 
simple, reliable, and economical nitrogen gas generators. One method is shown dia- 
grammatically in Figure 6 .  Operation is generally as follows: 

Air and fuel gas are proportioned by suitable flow rationing means and burned in an 
exothermic gas generator wherein the products of combustion are cooled either direct- 
ly or indirectly with cooling water. The cooled gas contains nitrogen, generally 
with approximately 11% Cog and 1.0 to 4.0% combustibles. It is saturated with water 
at approximately cooling water temperature. The cooled gas enters the right hand 
adsorbing bed at a pressure slightly above one atmosphere. Both CO and H20 are 
adsorbed from the gas stream by the adsorbent in the tower, and thus dry nitrogen 
containing essentially 1/2% to 2% CO and 1/2% to 2% H2 is produced. 

%ile the right hand bed is purifying the process gas stream, the left hand bed is 
being reactivated. 
bed under a vacuum during the desorption cycle and utilizing some of the product nitro- 
gen as a purge gas to sweep the desorbed CO 
activation is accomplished without additionil heat and at essentially ambient tempera- 
ture. After reactivation the left tower is repressurized. The towers are cycled 
alternately so that one is adsorbing e0 and H 0 at all times, and the other desorbing 
or reactivating. 

Cycle times are less than 10 minutes to maintain essentially adiabatic conditions 
in the towers and to minimize the quantity of dessicant required. Cycle time is 
determined by the economics of nitrogen loss  for purging and repressurizing, and 
pump down desorption times. 

2 

This is accomplished without heat by maintaining the desorbing 

and H 0 from the reactivating bed. Re- 2 

A continuous flow of h.troge4 is maintained from the system. 

The pressure swing system is automatic, simple, and has few components. Equipment 
costs &re comparable to MEA systems and utility costs are approximately 13c per MCF 

. nitrogen. 

Figure 7 is a photograph of a nitrogen generator of the type described. 

111. EXOTHERMIC GAS GENERATORS 

Because of their simplicity and economy, exothermic generators continue to be used 
for processes and in applications in which nitrogen containing C02 and H 0 in 
relatively high concentrations and CO, CH 
mental. 
exothermic generator atmospheres. For example, the annealing of sheet steel, 
aluminum sheet, coils and foil, copper alloy and also the calcining of charcoal, all 
represent uses of such atmospheres for high temperature processes. At lower tempera- 
tures exothermic generator atmospheres are used in grain storage and for safety appli- 
cations. Figure 8 shows the compositions of several typical atmospheres which may 

, be produced from exothermic generators. In many cases the generators are expected to 
operate over the entire range of air-gas ratios shown and they must be designed 
accordingly. 

The simplicity of exothermic gas generating equipment may be seen in Figure 9. 
air-gas proportioning system is identical to that used for the nitrogen generator. 

Since the main attribute of this type of atmosphere is its low equipment cost and 
operating economy, emphasis has been and is on producing more gas in a single generator 
and at the same time decreasing the physical dimensions of generators. 

in small concentrations are nat detri- 
Many heat treating processes in ferrous and non-ferrous metallurgy utilize 

The 

The air-gas mixing and burner system is probably the major consideration in the de- 
signing of exothermic generators. Poor mixing will result in stratification of the 
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g a s e s  and non-uniform and incomple te  combustion. S l i g h t l y  r i c h  o r  l e a n  zones w i l l  
develop a t  t h e  mixer and burner  and w i l l  p e r s i s t  throughout  t h e  combustion chamber. 
This  w i l l  r esu l t  i n  t h e  p r o d u c t i o n  of exothermic pas  c o n t a i n i n g  some f r e e  oxygen i n  
a r i c h  g a s  atmosphere o r  some combust ib les  i n  a l e a n  g a s  a tmosphere.  This  problem 
becomes more d i f f i c u l t  a s  g e n e r a t o r  c a p a c i t i e s  i n c r e a s e .  

An i d e a l  mixer and burner  system w i l l  i n t i m a t e l y  mix and a l l o w  t h e  a i r  and f u e l  gas  
s t reams t o  r e a c t  i n  a s  s h o r t  a t i m e  a s  p o s s i b l e  i n  o r d e r  t o  keep premix and combustion 
volumes a t  a minimum. From a s a f e t y  s t a n d p o i n t  a nozz le  mixing system i s  d e s i r a b l e  
s i n c e  i t  e l i m i n a t e s  hazardous premix volumes a l t o g e t h e r  and does n o t  r e q u i r e  f i r e  
checks.  For  l a r g e  c a p a c i t y  g e n e r a t o r s  t h i s  i s  e s p e c i a l l y  d e s i r a b l e ,  s i n c e  o t h e r w i s e  
m u l t i p l e  f i r e  check and burners  a r e  requi red ,  bo th  of which i n c r e a s e  t h e  c o s t  and 
o p e r a t i n g  complexi ty  of  t h e  equipment. 

The problem of developing a s i m p l e  n o z z l e  mixing burner  system f o r  l a r g e  g e n e r a t o r s  
i s  d i f f i c u l t  and becomes more so as  g e n e r a t o r s  i n c r e a s e  i n  c a p a c i t y .  This  i s  because 
of  t h e  l o n g e r  mixing p a t h s  a s s o c i a t e d  wi th  l a r g e r  equipment. 

Many approaches  t o  the  problem have been used and much &velopment work h a s  been done. 
Hydraul ic  s t u d i e s ,  co ld  gaseous models us ing  v a r i o u s  tracer techniques  and s p e c i a l  
h o t  probe s t u d i e s  have been employed t o  e v a l u a t e  t h e  c h a r a c t e r i s t i c s  of v a r i o u s  
mixing and  burner  systems. A s  a r e s u l t  of  such work, l a r g e  nozz le  mixing b u r n e r s  
have been developed which mix w e l l  wi th  a minimum expendi ture  of energy and promote 
complete combustion i n  a small volume. F igure  1 shows one such g e n e r a t o r ,  120,000 
s c f h  c a p a c i t y ,  u s i n g  a s i n g l e  n o z z l e  mixing burner .  Development is  cont inuing  t o  
i n s u r e  improved performance as the demand f o r  g e n e r a t o r s  of  i n c r e a s i n g  c a p a c i t i e s  
c o n t i n u e s .  

The g e n e r a t o r  shown i n  F i g u r e  10 a l s o  i n c o r p o r a t e s  a g a s  c o o l i n g  system which i s  an 
i n t e g r a l  p a r t  o f  t h e  u n i t .  The purpose  is ,  aga in ,  s i m p l i c i t y  and sav ing  o f  f l o o r  
space .  The c o o l e r  c o n s i s t s  of  an a n n u l a r  shaped packed tower surrounding t h e  com-  
b u s t i o n  chamber. 
i n g  downward. Where i t  i s  n e c e s s a r y  t o  employ i n d i r e c t  cool ing ,  condensate  from t h e  
products  of  combustion i s  cooled  and  r e c i r c u l a t e d  through t h e  c o o l e r .  This  i s  one of  
s e v e r a l  compact cool ing  systems which are being used s u c c e s s f u l l y  on exothermic 
g e n e r a t o r s  a t  t h e  p r e s e n t  t i m e .  

The g e n e r a l  t r e n d  of  v i r t u a l l y  a l l  classes of  g e n e r a t o r s  i s  towards more a c c u r a t e  
c o n t r o l  o f  product  gas  composi t ion,  i n c r e a s i n g  emphasis on au tomat ic  and s i m p l i f i e d  
o p e r a t i o n ,  and t h e  product ion  of i n c r e a s i n g  q u a n t i t i e s  o f  g a s e s  i n  smaller f l o o r  
spaces  a t  a lower cap i ta l  e x p e n d i t u r e .  C o n t i n u a l l y  improving i n s t r u m e n t a t i o n  f o r  
a n a l y s i s  and c o n t r o l  and t h e  development of  a n a l y t i c a l  t echniques  a i d e d  by computers 
i s  p e r m i t t i n g  a b e t t e r  u n d e r s t a n d i n g  of  t h e  impor tan t  mechanisms of g a s  g e n e r a t o r  
systems and t h e  development of  improved equipment t o  meet i n d u s t r i a l  demands. The 
development of t h e  t h r e e  g e n e r a t o r s  d e s c r i b e d  i n  t h i s  paper are a d i r e c t  r e s u l t  of 
t h e  modern t e c h n o l o g i c a l  advances o f  t h e  l a s t  few years .  

Gas i s  passed  upward through t h e  c o o l e r  and  i s  cooled  by water flow- 
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NITROGEN GENERATOR 
FIGURE 7 

EXOTHERMIC GAS GENERATOR 

TYPICAL GAS COMPOSITIONS 
- 
- - 

AIR/GAS RATIO 6.2 9.0 10.0 

DRY ANALYSIS - MOL O/o 
COP 5.3 11.0 11.0 

co 9.8 1.3 0.0 
H2 10.4 0.7 0.0 
CH4 0. I 0.0 0.0 
02 0.0 0.0 1.3 

NO 0.0 0.0 0. I 

BASIS: TOLEDO NATURAL GAS, PRODUCTS AT ONE ATM. 
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