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INTRODUCTION 

Almost a l l  p rocesses  f o r  t h e  production of  high-Btu gas  from 

coa l  r equ i r e  a clean-up methanation s t e p  to  upgrade the  product gas 

t o  a hea t ing  va lue  of a t  least 900 Btu/SCF. Such upgrading is  needed 

both  a f t e r  steam-oxygen g a s i f i c a t i o n  o f  coal, and a f t e r  most processes 

f o r  hydrogas i f i ca t ion  of  coa l .  Methanation over  a n i cke l  c a t a l y s t  i s  

one of t h e  most promising m e t h o d s  of ach iev ing  the  requi red  hea t ing  

va lue .  A major d i f f i c u l t y  i n  t h e  development of  a s u i t a b l e  c q t a l y t i c  

methanation r e a c t o r  is in c o n t r o l l i n g  the  temperature of t h e  h ighly  

N i  
exothermic r e a c t i o n  3H2 + CO C h  + H20, where the h e a t  

of r eac t ion  i s  about  65 Btu/SCF of  feed  gas conver ted .  

removal i s  requi red  t o  prevent  excess ive  r e a c t i o n  temperatures and 

c a t a l y s t  d e t e r i o r a t i o n .  

E f f i c i e n t  heat 

C a t a l y t i c  s y n t h e s i s  o f  methane has been s tud ied  i n  va r ious  

r e a c t o r  conf igu ra t ions ,  such a s  : 

( a )  Fixed-bed r e a c t o r ,  wi th  coo l ing  achieved through 

hea t  exchange s u r f a c e ;  (1) (2)- 1/ 

I 

./ 

J 

- 1/ Numbers i n  pa ren theses  r e f e r  to r e fe rences  at  end of paper.  ' 
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(b) Fixed-bed r e a c t o r ,  cooled d i r e c t l y  by gas r ecyc le  

(3) ( 4 )  (5); 
I 

( c )  Fluidized-bed r e a c t o r ,  cod led ' i nd i r ec t ly  by hea t  

exchange su r face  (6) ( 7 ) ;  and 

(d)  Tube-wall r e a c t o r ,  where t h e  c a t a l y s t  is cooled 

because of being i n t e g r a l  with o r  bonded t o  heat-exchanger 

tubes (8) (9) .  

The bench-scale developmental work performed a t  t h e  Bureau of  Mines 

on 1.2" and 1.3" outs ide-d iameter  s ing le - tube  tube-wall  r e a c t o r s  has 

ind ica t ed  t h a t  such r e a c t o r s ,  with t u b e s  coated wi th  Raney n i c k e l  

c a t a l y s t ,  provide e x c e l l e n t  temperature c o n t r o l  and r e s u l t  i n  h igh  

y i e l d s  per weight of c a t a l y s t  of up t o  300,000 SCF of high-Btu gas 

1 per pound of c a t a l y s t  (10). Development of t h e  tube-wall  yeac to r ,  

t h e r e f o r e ,  is proceeding a t  t h e  p i l o t - p l a n t  l e v e l  i n  a mul t i t ube  

r e a c t o r  u n i t .  The i n i t i a l  experimental  work performed i n  the  p i l o t  

p l an t  u n i t  is  repor ted  i n  t h i s  paper.  
1 

1 

Equipment 

The tube-wall  r e a c t o r  used i n  t h i s  series o f  experiments was a 
1 

mul t i tube  u n i t ,  as shown i n  f igu res  1 and 2. 

r e a c t o r  i s  8-inch, schedule-40 s t a i n l e s s - s t e e l  p ipe ,  wi th  an o v e r a l l  

The s h e l l  of t he  

\ 

/ 

l ength  of 11 f t .  The u n i t  con ta ins  7 c a t a l y s t  tubes ,  each 2 inches ' 

i n  diameter by 7 f t  long. The o u t e r  su r f ace  of each tube  is thermal ly  

sprayed with Raney n i c k e l  ove r  a l eng th  of 6 f e e t  and to  a dep th 'o f  
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0.020-0.030 inch. 

down t h e  c e n t e r .  

b o i l s  as it passes  upward through the  annulus t o  remove t h e  h e a t  of 

Each c a t a l y s t  tube has a 1-inch diameter  dip-tube 

Liqvid Dowtherm* passes  down the  d ip - tube  and then 

r e a c t i o n .  The Dowtherm vapor e n t e r s  t h e  condenser above, is i n d i r -  

e c t l y  cooled and condensed with water ,  and then by g r a v i t y  feeds 

back i n t o  t h e  center tube .  

c a t a l y s t ,  the  coa ted  l e n g t h s  o f  t h e  sprayed tubes are b a f f l e d  so 

To achieve good contac t  between gas and 

t h a t  t h e  s y n t h e s i s  ga4,  as it passes upward through the  r e a c t o r ,  is 

forced  by t h e  h o r i z o n t a l  b a f f l e s  t o  t a k e  a tor tuous  pa th  across  t h e  

tube sur faces .  I 

Thermocouple wells were mounted along t h e  l e n g t h  of  t h e  c a t a -  

l y s t  s u r f a c e  of  f o u r  tubes .  

w e l l  and were spaced 2 f e e t  a p a r t .  

Three thermocouples were placed i n  each 

A c a l i b r a t e d  and motorized d r i v e  

moved these  thermocouples a total of  2 f e e t  to  permit measurement of  

c a t q l y s t  temperatures  i n  1- inch increments a long t h e  e n t i r e  6-foot  

l e n g t h  of each o f  ghe four  tubes.  

A schematic f lowsheet  o f  t h e  r e a c t o r  system i s  shown i n  f i g u r e  3, 

where i t  is shown that t h e  feed  gas fo t h e  r e a c t o r  is preheated by a 

s e r i e s  of t h r e e  h e a t  exchangers.  

t h e  second exchanger recovers  s e n s i b l e  hea t  from t h e  hot  product gas ,  

and t h e  t h i r d  is heated by Dowtherm vapor. 

from t h e  product  gas stream; then p a r t  of  t h e  dry product gas is 

The f i r s t  exchanger is steam-heated, 

Product water i s  condensed 

re turned  t o  t h e  feed gas  stream. 

* R e f e r e n c e ' t o  t r a d e  names i s  made t o  f a c i l i t a t e  understanding and 

Recycle of dry product gas reduces 

does not  imply endorsement by t h e  Bureau of Mines. 

i 

, !  
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1 

t h e  water vapor concen t r a t ion  of t h e  r e a c t i o n  gas and thereby  he lps  

t o  main ta in  the  a c t i v i t y  of  t h e  c a t a l y s t s  as w e l l  as inc rease  t h e  

y i e l d  of methane (10). 

t 

Fresh syn thes i s  gas  is made from n a t u r a l  gas i n  a G i r d l e r  p l a n t  

and s to red  i n  60,000 f t 3  holders  u n t i l  needed, The gas then  is com- 

pressed to  500 p s i ,  passed through a s i l i ca  g e l  t r a p  f o r  dehumidi f i -  

c a t i o n ,  then  through two charcoa l  t r a p s  i n  series t o  remove s u l f u r  

compounds. A continuous ana lyzer  records  t h e  s u l f u r  concen t r a t ion  

i n  the  feed gas which i s  maintained below 0.1 g r a i n  H,&/1000 SCF. 

Analyses of f r e sh  gas and product gas were performed by mass spec -  

trometry and gas chromatography. Impur i t i e s  02, NB, and C02 were 

p resen t  i n  the  f r e s h  s y n t h e s i s  gas  i n  the  range of  0.1, 0.4, and 0 

t o  1 percent ,  r e spec t ive ly .  
I 

I Operat ion  

1 A f t e r  t h e  r e a c t o r  system was assembled and l eak - t e s t ed ,  t h e  

Raney n i c k e l  c a t a l y s t  (42% N i  + 58% A l )  w a s  a c t i v a t e d  i n  p l ace  by 

I treatment a t  90' C temperature wi th  2 w t  pc t  sodium hydroxide s o l u -  

t i o n .  A f t e r  t h e  aluminum was leached t o  the  e x t e n t  d e s i r e d ,  as i n d i -  

cated by measurement of  hydrogen evo lu t ion ,  t h e  caug t i c  s o l u t i o n  was 

d isp laced  wi th  water, and t h e  c a t a l y s t  was washed wi th  20 ga l  p e r  hr 

of co ld  t a p  water f o r  about 24 hours. D i s t i l l e d  water was  then  used 

u n t i l  a reasonably cons t an t  pH was a t t a i n e d  i n  t h e  wash water. 

experiment TWR-1, a pH of  5.7 was reached a f t e r  48 hours washing; 

I n  4 

\ 

/ 
I 

/ i n  experiment TWR-2, a pH of 9.0 was reached a f t e r  45 hours.  These 

I va lues  were about 0.2 above pH of the  f r e s h  d i s t i l l e d  water .  A f t e r  t h e  

water was dra ined ,  t h e  a c t i v a t e d  c a t a l y s t  was kept  under a hydrogen 

I 
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atmosphere u n t i l  s y n t h e s i s  gas was fed t o  t h e  r e a c t o r .  The amount 

of aluminum d i g e s t e d  was 85 percent  i n  t h e  f i r s t  experiment and 

50 percent  i n  t h e  second experiment .  C a t a l y s t  i n  experimedt TWR-2 

was a c t i v a t e d  a n  a d d i t i o n a l  20 p c t  a f t e r  964 hours opera t ion .  

A f t e r  a c t i v a t i o n  o f  t h e  c a t a l y s t ,  t h e  u n i t  was brought t o  

o p e r a t i n g  p r e s s u r e  and temperature  under an atmosphere o f  hot 

r e c y c l i n g  hydrogen. Before t h e  s y n t h e s i s  gas was admit ted to  the  

system, c a t a l y s t  tube  s u r f a c e  temperatures  ranged from 325" t o  

339' C i n  experiment TWR-1 and from 369" to  387' C i n  experiment 

TWR-2. 

Synthes is  gas  w a s  fed i n t o  t h e  system which was then brought 

t o  desired s t e a d y - s t a t e  c o n d i t i o n s  by adjustment  o f  gas f lows,  

r e a c t o r  pressure ,  and c a t a l y s t  temperature .  A minimum s y n t h e s i s  

temperature of 390' C w a s  reached wi th in  5 hours  i n  experiment 

TWR-1 and w i t h i n  1 hour  i n  experiment TWR-2. 

Resul t s  

Most of  t h e  o p e r a t i n g  c o n d i t i o n s  over  t h e  length  o f  exper i -  

ments TWR-1 and TWR-2 are shown i n  f i g u r e s  4 and 5.  Heat ing values  

of t h e  N2-, 02-free d r y  product  gas are ,shown. Values of t h e  H2:C0 

ra t io  of t h e  feed  g a s  are n o t  shown, but  they ranged from 2.27 t o  

3.35. 

Addi t iona l  d a t a ,  inc luding  H2/C0 r a t i o s ,  conversions,  product 

gas  a n a l y s i s , a n d  y i e l d s ,  a t  s e l e c t e d  times i n  experiments TWR-1 and 

-2  are presented i n  t a b l e s  1 and 2 .  The average temperatures  shown 
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i n  t a b l e s  1 and 2 r ep resen t  t h e  average  of  temperatures of 4 tubes  

at  some c m q n  d i s t a n c e  from t h e  gas  i n l e t  determined to be t h e  

h o t t e s t  po in t  i n  t h e  r eac to r .  The maximum temperatures are p l o t t e d  

i n  f i g u r e s  4 and 5 . .  

Discussion of  Resu l t s  

General  Performance 

The l eng th  of experiment TWR-1 was 338 hours .  During t h e  i n i -  

t i a l  100 hours of opera t ion  a t  a feed  rate o f  600 SCFH and maximum 

c a t a l y s t  temperature o f  398' t o  401° C ,  t h e  hea t ing  va lue  o f  t h e  

product gas gradual ly  decreased from 950 t o  910 BtufSCF- . This  

dec rease  ind ica t ed  t h a t  t h e  c a t a l y s t  immediately began to  lose a c t i v i t y .  

Overa l l  l o s s  o f  c a t a l y s t  a c t i v i t y  by t h e  end of t h e  experiment was so 

g r e a t  t h a t  t h e  hea t ing  va lue  o f  t h e  product gas f e l l  t o  720 Btu/SCF 

when t h e  feed rate was 600 SCFH and maximum c a t a l y s t  t empera ture  w a s  

2 1  
\ 

403O C .  

The length  of  experiment TWR-2 was 1055 hours ,  i nc lud ing  t h e  

hours of  syn thes i s  a f t e r  t h e  second a c t i v a t i o n ;  t h i s  i n d i c a t e s  t h a t  

l o s s  of c a t a l y s t . a c t i v i t y  was much slower than i n  t h e  case of  tes t  

TWR-1. A f t e r  675 hours of  ope ra t ion ,  product gas  of 900 Btu per  SCF 

hea t ing  va lue  was  be ing  produced a t  402O C maximum c a t a l y s t  tempera- 

t u r e ,  300 p s i ,  and 600 SCFH f r e s h  feed rate. The inc rease  i n  catalyst  

l i f e  i n  experiment TWR-2 is a t t r i b u t e d  t o  t h e  r e p r e s s i o n  of  n i c k e l  

ca rb ide  formation which is d iscussed  la ter .  

- 2 1  Heating va lues  are based on N2- 0,-free gas wi th  SCF taken  a t  60' F, 
30 i n .  Hg. and dry.  
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The second a c t i v a t i o n  of  t h e  c a t a l y s t  i n  experiment TWR-2 ' 

improved the  c a t a l y s t  a c t i v i t y  s i g n i f i c a n t l y ,  as is indica ted  by 

r e s u l t a n t  i nc reases  i n  t h e  hea t ing  va lue  of t he  product gas. For . 

example, as shown i n  f i g u r e  5 ,  befo re  t h e  second a c t i v a t i o n  a t  

964 hours ,  t h e  product gas  hea t ing  va lue  w a s  690 Btu/SCF f o r  a feed 

gas r a t e  of 2400 SCFH; a f t e r  t he  second a c t i v a t i o n  and a t  1055 hours, I 
t he  hea t ing  va lue  increased  t o  765 Btu/SCF f o r  t h e  same feed gas r a t e .  

The c a t a l y s t  l i f e  i n  experiment TWR-2 might have been longer  had t h e  
, 

c a t a l y s t  been a c t i v a t e d  t o  70  p c t  i n i t i a l l y  r a t h e r  than 50 p c t .  

Dirksen and  Linden (6) i nd ica t ed  t h a t  a t  a c t i v a t i o n  of  a t  l e a s t  

65 p c t  of t h e  c a t a l y s t  i s  requ i r ed  f o r  long catalyst  l i f e .  

Although t h e  system had charcoa l  t r a p s  t o  remove organic  s u l -  

f u r  from the  f r e s h  s y n t h e s i s  gas ,  s u l f u r  concent ra t ions  of up t o  

0.8wt pct were determined on samples o f  the  used c a t a l y s t  i n  expe r i -  

ment TWR-2. This  sugges ts  t h a t  s u l f u r  poisoning con t r ibu ted  t o  t h e  

decrease  i n  c a t a l y s t  a c t i v i t y .  

Heat removal and c o n t r o l  of c a t a l y s t  temperature by means of 

t h e  Dowtherm coo lan t  was e x c e l l e n t .  I n  both  experiments,  t h e r e  

were no runaway tempera tures  a t  any t i m e .  

Conversion and Gas-Feed Rate 

As shown i n  t a b l e s  1 and 2,  i n  t h e  f i r s t  p a r t  of experiment 

TWR-1, conversion o f  CO + H2 w a s  as high a s  99 pct a t  a gas feed 

r a t e  of  approximately 600 SCFH; and 97.9 pc t  a t  approximately 1200 

SCFH. I n  comparison, convers ion  of CO + H2 dur ing  t h e  e a r l y  p a r t  

I 
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of experiment TWR-2 w a s  lower; f o r  example, a t  7 1  hours  conversion 

was 95.5 p c t  a t  about 1200 SCFH feed gas rate.  This r e l a t i v e l y  

lower conversion i n  experiment TWR-2 was  caused by t h e  excess  of  

hydrogen i n  t h e  feed  gas ,  as shown by t h e  H2:C0 r a t i o s  g r e a t e r  

than 3:1. Such hydrogen excess  lowers t h e  hea t ing  va lue  of  t h e  

product gas by a c t i n g  as  a d i l u e n t ,  bu t  a t  t h e  same t i m e ,  f avo r s  

CO usage. 

The comparatively lower va lues  o f  CO i n  t h e  product gas of  

experiment TWR-2 are no tab le .  Such high usage o f  CO i s  d e s i r e d  

because i t  r ep res ses  ca rb ide  formation, i n d i c a t e s  good c a t a l y s t  

a c t i v i t y ,  and provides  a p i p e l i n e  gas of low t o x i c i t y .  

A s  gas  feed r a t e s  were increased  t o  about 2400 SCFH o r  106 SCFH 

per  s q  f t  c a t a l y s t  s u r f a c e ,  CO + H 2  conversion decreased s i g n i f i -  

c a n t l y .  For example, i n  experiment TWR-2 a t  7 1  hours and 267 hours,  

r e s p e c t i v e l y ,  conversion dropped from 95.5 p c t  at  1216 SCFH feed  

rate t o  89.4  pc t  a t  2432 SCFH feed ra te .  Th i s  performance is con- 

s ide rab ly  lower than  t h a t  achieved i n  e a r l i e r  bench-scale experiments 

(10) on a s ign le - tube  tube-wall  r e a c t o r  where conversions of g r e a t e r  

than 98 pc t  were sus t a ined  f o r  more than  1200 hours a t  gas  feed r a t e s  

of 105 SCFH per  sq f t  c a t a l y s t  s u r f a c e .  Two o t h e r  p o s s i b l e  reasons  

( i n  add i t ion  t o  t h e  presence of  excess  hydrogen) for the  lower pe r -  

formance i n  t h e  mul t i t ube  reactor are t h a t  d i f f u s i o n a l  d i s t a n c e s  

from t h e  bulk  gas t o  t h e  c a t a l y s t  s u r f a c e  f o r  t h e  mul t i t ube  u n i t  

were seve ra l - fo ld  g r e a t e r  than for t h e  s i n g l e  tube u n i t  and t h a t  

t u rbu len t  mixing i n  the  l a r g e  mul t i t ube  u n i t  was poorer  than i n  t h e  
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highly  ba f f l ed  bench-scale u n i t .  

tube r eac to r  w i l l  improve these  two f a c t o r s .  

Carbide Formation 

Future  modi f ica t ions  t o  the  mul t i -  

In  experiment TWR-1, formation of n i c k e l  ca rb ide  and f l a k i n g  

of t h e  c a t a l y s t  from t h e  su r face  are suspected of c o n t r i b u t i n g  t o  

t h e  rapid dec l ine  i n  c a t a l y s t  performance. Nickel carb ide  formation 

was v e r i f i e d  by X-ray ana lyses  of samples  scraped from the  su r face  of  

t h e  spent  c a t a l y s t  tubes .  The ana lyses  showed i n  o rde r  of d e c l i n i n g  

abundance: N i 3 C ;  N i ;  aluminum n i c k e l  c a t a l y s t  (cubic  F.C.); and 

N i x C  ( x s ) .  Nickel c a r b i d e  predominated a t  both  t h e  gas o u t l e t  and 

. i n l e t  ends of t h e  c a t a l y s t  tubes and i n  c a t a l y s t  p a r t i c l e s  a c c m u -  

lated i n  the  r e a c t o r  bottom. Formation of  n i cke l  carb ide  wag t h e  

r e s u l t  of too much exposure of t h e  c a t a l y s t  t o  CO a t  temperatures 

favor ing  carb ide  format ion ,  l e s s  than  370' C .  

Experiment TWR-2 was conducted wi th  t h e  a i m  o f  r ep res s ing  ca rb ide  

formation and ach iev ing  h igher  c a t a l y s t  performance than was achieved 

i n  TWR-1. One s t e p  taken  t o  minimize ca rb ide  formation was t o  ge t  t he  

c a t a l y s t  temperature above the  carb ide  formation reg ion  as soon as 

poss ib l e  (within 1 hour) dur ing  s tarc  o f  s y n t h e s i s  and t o  main ta in  t h e  

c a t a l y s t  temperature above 390' C throughout s y n t h e s i s .  

s t a r t - u p  was achieved by p rehea t ing  t h e  r e a c t o r  and feed gas t o  

h ighe r  temperatures than  those  used i n  experiment TWR-1. Another s t e p  

The quick 

' I  
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taken to i n h i b i t  ca rb ide  formation w a s  t o  use a feed gas t h a t  con- 

ta ined  excess  hydrogen. These approaches proved e f f e c t i v e ,  as 

shown by X- ray  ana lyses  o f  t h e  c a t a l y s t  su r f ace  a t  t h e  conclus ion  

of t he  experiment. F r e e  n i c k e l  was t h e  major c o n s t i t u e n t  found on 

the  c a t a l y s t  su r f ace ,  while n i c k e l  ca rb ide  (NiSC) was found t o  a 

l e s s e r  e x t e n t .  No ca rb ide  was found a t  t h e  gas o u t l e t  end o f  t h e  

c a t a l y s t  tubes.  

C a t a l y s t  Bonding 

Inspectiori  o f  t h e  tube  bundle a t  t h e  conclus ion  of test TWR-1 

showed t h a t  l a r g e  segments of  t h e  c a t a l y s t  had f l aked  from t h e  tubes.  

F igure  6 is a photograph of a s e c t i o n  where f l a k i n g  occurred .  Such 

f l a k i n g  was not  ev ident  a t  t h e  end of test TWR-2. A suggested explana- 

t i o n  of t h e  more s t a b l e  bond i n  test TWR-2 is  t h a t  Khe lower percent 

a c t i v a t i o n  of  t h e  c a t a l y s t  wi th  c a u s t i c  s o l u t i o n  r e s u l t e d  i n  l e s s  

i n i t i a l  d i s tu rbance  of  t h e  bond between c a t a l y s t  and tube  than  had 

occurred i n  t e s t  TWR-1. 

Temperature P r o f i l e  and Heat Removal 

Temperature p r o f i l e s  measured a long  t h e  c a t a l y s t  tubes  i n d i -  

ca ted  t h a t  t he  amount of  r e a c t i o n  occur r ing  a long  t h e  l e n g t h  o f  t h e  

c a t a l y s t  tubes was dependent upon t h e  following: v e l o c i t y  and d i r e c -  

t i o n  of  gas flow, d i s t a n c e  from po in t  of  gas  e n t r y ,  and l o c a t i o n  o f  

b a f f l e  p l a t e s .  
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Figure  7 shows a t y p i c a l  temperature  p r o f i l e  of one of  t he  

c a t a l y s t  tubes (tube F) i n  experiment TWR-1 a f t e r  50 hours  of  

ope ra t ion ;  feed gas  rate is about 600 SCFH and r ecyc le  r a t i o  is 1:l. 

The d i r e c t i o n  of gas flow was p a r a l l e l ,  r a t h e r  than normal, t o  t he  

tube sur face  a t  t h e  p o i n t s  of temperature  measurement. On tube F ,  

temperature  peaks g e n e r a l l y  co inc ide  wi th  t h e  l o c a t i o n  of a b a f f l e  

p l a t e .  Temperature p r o f i l e s  o f  some of the  o t h e r  tubes showed peak 

temperatures  a t  eve ry  o t h e r  b a f f l e  p l a t e .  No s a t i s f a c t o r y  explana- 

t i o n  of t hese  p a t t e r n s  has  been e s t ab l i shed .  

that average tube temperatures  may vary  by up t o  5' C from tube t o  

tube .  

It has been noted 

Dowtherm tempera tures  remained r e l a t i v e l y  cons tan t  a long  t h e  

l eng th  o f  t h e  c a t a l y s t  tube .  Typica l ly ,  a t  532 hours  ope ra t ion  i n  

experiment TWR-2, Dowtherm temperatures  a s  measured i n  tube  G were 

386' C a t  t h e  bottom, 386O C at t h e  middle, and 3 8 7 O  C a t  the  top. 

This  i nd ica t e s  t h a t  Dowthenn c i r c u l a t i o n  was good. Based on a 

hea t  r e l ease  of 65 Btu  p e r  SCF syn thes i s  gas  converted du r ing  the  

532-hour per iod.and a d i f f e r e n c e  of 18.2' F between the  average 

tube su r face  temperature  and t h e  average Dowthenn temperature ,  t h e  

ca l cu la t ed  o v e r a l l  hea t  t r a n s f e r  c o e f f i c i e n t  o f  t h e  r e a c t o r  is 

182 Btu per hour pe r  sq f t  pe r  ' F .  

as t h e  value of 275 Btu pe r  h r  p e r  sq f t  per  

3 - f t  s ing le  tube bench-scale u n i t  (10). 

This  i s  o f  t h e  same magnitude 

F repor ted  f o r  a 

I 
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C onc 1 us i o n  

A p i lo t -p l an t  s ize  tube-wall  methanation r e a c t o r  has  been 

opera ted  s a t i s f a c t o r i l y  i n  two tests, provid ing  e x c e l l e n t  tempera- 

t u r e  c o n t r o l  and needing a modicum of  gas r ecyc le .  

and y i e l d s  of product gas were n o t . a s  g r e a t  as h s e  achieved i n  

prev ious  bench-scale tests. However, use of h igher  tempera tures  

and excess  hydrogen i n  t h e  second test i n h i b i t e d  ca rb ide  formation 

C a t a l y s t  l i f e  , 
I 

\ 

l and increased  c a t a l y s t  l i f e  s i g n i f i c a n t l y  over  t h a t  o f  t h e  f i r s t  

t es t .  I n  f u t u r e  tests, a f u r t h e r  i nc rease  i n  c a t a l y s t  l i f e  should 

be achieved by a more r igorous  removal of s u l f u r  from t h e  feed  gas  

and a more complete a c t i v a t i o n  of t h e  c a t a l y s t .  A s a t i s f a c t o r y  

900 Btu per SCF product gas was y ie lded  a t  a s p e c i f i c  feed  rate 

of about 54 SCFH pe r  sq f t  c a t a l y s t .  A r educ t ion  i n  excess  hydro- 

gen f e d , +  I t h e  r e a c t o r  and ,poss ib ly ,  a n  improvement i n  con tac t ing  

o f  t h e  gas  and c a t a l y s t  are needed t o  y i e l d  a s a t i s f a c t o r y  product  

gas  a t  t h e  h ighe r  gas  feed rate o f  105 SCFH per  sq f t  of c a t a l y s t  

s u r f a c e ,  formerly achieved i n  t h e  Bureau of  Mines bench-scale units 
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I 
T A B U  1. - Selec ted  o p e r a t i n g  r e s u l t s  a t , v a r i o u s  t imes i n  

Experiment WR-1 

S y n t h e s i s ,  hours . .  ............. 
System p r e s s u r e ,  p s i g  ....... i 
Fresh gas rate, SCFH ......... 
Fresh  g a s l c a t a l y s t  area, ' 

sc FHI f t 2  .................... 
V o l .  recyc le /vol .  f r e s h  g a s , .  . 
Vol. product gas/vol .  f r e s h  gas 

H&O i n  f r e s h  gas ............ 
C a t a l y s t  temperature ,  O C: 

Average ............ ;....... 
. . Conversion, p c t :  

Hz .......................... 
CO -t H 2  .................... co ........................... 

Product gas composition, 
v o l .  p c t  (N,-free): 

H 2  ......................... 
co ... , ..................... 
c 0, ........................ 
'C& ........................ 
c2Hg ....................... 

Product a s  hea t ing  v a l u e ,  
BtuISCF .? J.. .................. 

Product water ,  lb /hr  .. ;...... 

22 

. 300 

677 

30.1 

0.86 

0.27 

2 .40  

380 

99.0 
98.7, 
99.0 

2.9 
1 .3  
3 . 6  

92.2 -- 

948 

4.17 

48 145 

300 300 

607 1214 

27.0 54.6 

0.87 1.11 

0.267 0.276 

2.43 2.93 

393 399 

98.8 97.0 
100.0 99.8 
99.0 97.9 

3.5 7.9 
0.0 0.2 
4.8 3.8 

91.7 88.1 -- -- 

941 919 

3.91 14.5 

192 

300 

2383 

106.2 

1.04 

0.406 

2 59 

398 

76.5 
78.0 
76.9 

42.2 
14.2 

3.0 
40.2 

0 . 4  

598 

13.3 

312 

400 

1213 

54.0 

1.94 

0.406 

2;59 

398 

77.8 
72.2 
75.9 

38.1 
21.2 

2 . 4  
38.2 

0.1 

581 

11.4 

336 

400 

614 

27.3 

1.97 

0.343 

2.73 

400 

86.2 
85.5 
-86.0 

28.5 
12.4 
1 . 3  

57.7 
0.1 

720 

5.45 

- 11 SCF based on 60° F and 30 i n .  Hg., d ry  
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of High-Btu Gas 
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figure 4. operating conditions - Experiment T W R - ~  
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Figure 6 0  Section of Reactor Where Flaking Occurred 
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