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CT-EANUP METHANATION FOR HYDROGASIFICATION PROCESS 

INTRODUCTION 

Catalyt ic  methanation i s  t h e  f i n a l  gas cleanup s t ep  i n  the pro- 
for  producing a high-Btu pipel ine gas from coal being developed at 

he I n s t i t u t e  of Gas Technology. The development project  i s  sponsored 
jGintly by the American Gas Association, Inc. ,  and the U. S. Department 
aof the In te r ior ,  Office of Coal  Research. 

The first s t ep  i n  the overa l l  methanation study is  t o  f ind the 
lbest commercial ca ta lys t  f o r  t h i s  cleanup s tep.  The ca ta lys t  used must 
f i r s t  of a l l  be able  t o  ac t ive ly  catalyze the methanation reac t ion  w i t h -  
out catalyzing carbon deposit ion react ions.  It must a l s o  be highly ac t ive  

!and long-lived a t  high temperatures . These propert ies  of t he  ca ta lys t  are.(  
d i r e c t l y  related t o  chemical events occurring on i t s  surface. 

Instead of the commonly used packed-tube reactor ,  I G T  i s  using 6 continuous stirred tank c a t a l y t i c  reactor  (CSTCR)3 which permits study- 
ips these chemical events without any complicating control  of t h e  react ion 
r a t e  by gas-solid mass or heat t ransfer .  T h i s  reac tor  has several  other 
advantages : 
i 
\ 
1. 

f 

The i:STCR operates a t  conditions where "perfect  mixing" prevai ls ,  a n d  
bulk gas temperature and concentration gradients a re  eliminated. 

. b, i th  suf f ic ien t  gas veloci ty  a t  the ca ta lys t  surface,  temperature and 
concentration gradients  between the b u l k  gas and the ca ta lys t  surface 
2 x 1  be x:lnimized. 

nczr ly  :sotherml conciitions and near ly  complete conversion. 

I 

. ,11 -'ui xhe i'crstesi anci mo?t e;/othermic react ions can be studied a t  
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3 .  Because a l l  the ca t a lys t  surface "sees" gas of t he  same composition 
and temperature, the reaction rate can be calculated by.a simple 
algebraic equation: 

T h i s  procedure is, i n  general, s impler 'md more accurate than rate 
calculat ion from data obtained w i t h  packed-tube reactors .  

J .  Finally,  s tud ie s  can be made using ca t a lys t  p e l l e t s  of commercial 
s i z e  and shape. 

This type of reactor  has been used i n  the past  t o  study solid- 
catalyzed gaseous react ions.  Tajbl, Simons, and Carberry= used a CSTCR 
t o  study the  highly exothermic oxidation of carbon monoxide on a commer- 
c i a l  palladium c a t a l y s t .  Ford and Perlmutter2 used a CSTCR with a cata-' 
l y t i c  w a l l  t o  stGdy =-butyl alcohol dehydrogenation. I n  both s tudies ,  
t he  authors found data were obtained more e a s i l y  and accurately with a 
C STCR . 1 

This paper deals  with: 

1. 

2. 

Defining the operating range for  "perfect mixing" i n  the  IGT reactor 

Determining whether gas-solid heat or mass t r k s f e r  e f f e c t s  were pre 
sent  a t  the conditions of operation. 

Preliminary s c x m l n g  of commercial methanation ca t a lys t s .  3.  

APPARATUS I 

Figure 1 i s  a flow diagram of  the ca t a lys t  t e s t i n g  uni t .  The 
?zs i n l e t  system and the components operating at elevated temperatures 
&sl pressures a r e  s t a i n l e s s  s t e e l .  
cylinders,  i s  metered by an or i f ice .  Orifice pressure, pressure drop, , 
an& temperature are recorded. The feed gas i s  preheated before i t  en- 
t e r s  the bottom of  t he  reactor .  Both the reactor  and the preheater are 
e l e c t r i c a l l y  heated. 

Exit gas leaves the  top of the reactor  and passes through a ,! 
hezlted l ine  ( t o  avoid condensation of liquids) t o  a cooler-condenser. 
Liquid products a r e  collected i n  a knockout pot and are  drained through 
a sclenoid velve actuated b y  a sonic l iquid l e v e l  control ler .  A dome- 
loaeed back-pressure regulator controls the reactor  pressure and reduced' 
the pressure of the exLt gas. The e x i t  gas r a t e  i s  measured by a Wet- I 

.test meter. Carbon monoxide and carbon dJ oxide concentra.tions i n  t h e  I 

r'se6. and e x i t  Iases a r e  measured by tbro continuous infra.red analyzers 
aEci a r e  recorded. Ali?uc,t samples of feed and e x i t  gases are  taken J .durin;: nech Lest period f o r  analysis of a l l  com onents by mass spec- 
t r one t er  ( C ons o li ria t ed Erg  ineer inr:, Iricde 1. 2 1- 10 77. 

F i F r e  2 'shows the construction of the reactor,  b u i l t  by Auto: 
cl-tve Engineers, Inc.  It was c,onstructed of' Type 316 s t a in l e s s  s t e e l  SOI 
tha t  it could be used i n  the fixture to  t e s t  the e r f e c t s  cf elevzted t.em- 
peret-wes cr! c a t a l y s t  s t a b i l i t y .  A x q n e t i c  d r i v e  r o t a t e s  khe s t i r r e r  f 
S ? A , ~ , .  T3:c reaci-,r tics an ?Inside ::r;2:;1 of 12 i n .  .and an i s i d e  

Feed gas, stored i n  high pressure 

..i 
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P i m e t e r  o f  3 i n .  For CSTCR operation, two i n s e r t s  a re  in s t a l l ed  which 
reduce the inside depth t o  2-13/16 w. 

Two methods of catalyst  mowting are employed. Catalyst can , 
be placed i n  an annular basket o r  i n  a paddle-basket arrangement as ShoT 

When the  paddle basket i s  used it replaces the r a d i a l  i m -  
p e l l e r  which i s  used only with the annular basket. For e i t h e r  arrange- 
neni. tke propel lers  remain i n  place. The e. l i n d r i c a l  w a l l  and the top 

The w a l l '  
b a f f l e s  extend along the t o t a l  height of the s t i r r e d  chamber; the top ar 
bcttom baffles extend r a d i a l l y  t o  the cy l ind r i ca l  w a l l .  

Catalyst  temperatures are measured eas i ly  i n  the annular baskc 
Since the c a t a l y s t  i s  stationary,  a thermocouple i s  simply inserted i n  : 
hole d r i l l e d  i n t o  the  center  of a ca t a lys t  p e l l e t .  

For e i t h e r  basket arrangement, the gas temperature i s  measurer 
wiT;h a 0.025-in. -OD magnesium-oxide-insulated thermocouple made of Chro 
mel-Alumel v i t h  a swaged s t a in l e s s  s t e e l  sheath. 

L 4n Figure 3 .  

end botton of t he  r e a c t o r  each have fou r  1/ 8 -in.-wide baff les .  

I 

DISCUSS1 ON 

Mixing Theory 

Several t r a c e r  techniques can be used t o  check for  perfect m i -  
inz .  These consis t  o f  measuring the response i n  the reactor effluent t 
e i t h e r :  

1. The in j ec t ion  of a very small amount of  t r ace r  i n t o  t h e  reactor oveL 

2 .  The instantaneous switching from a steady flow of i n e r t  gas t o  a 

a very short  time (pulse t e s t ) ;  05 

s t eady  flow o f  t r a c e r  ( s t e p  t e s k )  or  vice versa (purge t e s t ) .  

After the t r a c e r  concentration reaches a maximm value, the 
response f o r  any of these t e s t s  i s  an exponential decay of tracer concen 
t r a t i o n  w i t h  time. For t h e  pulse t e s t  the response i s :  

C -tF/V 

where CM is the gas concentration i n  the reactor  a t  the instant  the pul5 
enters,  and - i n  a c t u a l  t e s t s  - the  maximum gas concentration measured i i  

t h e  e f f luen t .  

Fcr the s t e p  t e s t  the response is :  L 

I .  

where Cs is t h e  s teady-state  t r a c e r  concentration. 
,::e reswrise i s  r;he same as Equation 2 except that cs = CM. 
::fir c/ci:l versus,,tF/V yielding a s t r a igh t  l i n e  of slope -1 ,indicates 

For t h e  purge t e s t  
A plot of 

perfect  r-rLzin;. 
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techniques were used i n  our n k d n g  studies .  Because 

out. I n  s p i t e  of th i s ,  the pulse t e s t s  have an 
f t h e  d i f f i c u l t y  of i n j ec t ing  a perfect  pulse of t racer ,  the s t e p  or purge 

of the small amount of t r ace r  used. I n  s t e p  or purge 
must be made for t r ans fe r  of t r ace r  (or  purge) contained 
volume before switching, i .e . ,  i n  the l i n e s  t o  t h e  pres- 

iure gages, e tc .  This, i n  e f fec t ,  increases the  volume t o  be purged and 
LffeCts the slope of the l i n e  C/CM versus tF/V p lo t .  

n systems w i t h  extensive dead volumes. 

1 

Of the  three t r a c e r  t e s t s ,  then, the pulse t e s t  is most accurate 

Typical t e s t  r e s u l t s  are p lo t t ed  i n  Figure 5. The data a t  200 

terphase Transport 

Transport phenomena between the ca t a lys t  surface and the bulk 
pas may control  the react ion r a t e  f o r  very f a s t  - or very exothermic or 
hdothermic - reactions.  To study chemical events on the ca t a lys t  s u r -  
'ace these transport  e f f e c t s  must be minimized. It i s  simple t o  check 
lor the  influence of transport  e f f e c t s  i n  a CSTCR. 
.yst mounted i n  a s ta t ionary basket, the s t i r r e r  speed i s  varied while 
111 other variables a r e  held constant. 
.ng s t i r r e r  speeds indicate  the presence of  transport  e f fec ts .  A tem- 
\erature gradient between the  gas and t h e  ca t a lys t  w i l l  e x i s t  i f  the 
!$action i s  heat-transfer l imited.  Both gas and ca t a lys t  temperatures 
:an be eas i ly  measured w i t h  the  s ta t ionary ca t a lys t  mounting. 

Mass t ransfer  w a s  f o m d  not t o  control  above about 750 rpm a t  
115OF w i t h  a 10.2% C0-31.2$ HZ feed, and n i cke l  ca t a lys t  i n  the  annular 
,&ket. Of course, a check should be made fo r  mass t r ans fe r  a t  each run 
&perature. Since the r a t e  constant increases w i t h  increased tempera- 
,ure, mass t r ans fe r  should be more important a t  higher temperatures. 

I n  the case of cata- 

Changes i n  conversion w i t h  vary- 

A var ie ty  of products can be produced c a t a l y t i c a l l y  from hy- 
bogen and carbon oxides. 
omposition, temperature, pressure, and the  hydrogen/carbon oxides ratio. 
[Eckel ca t a lys t s  produce mainly methane at almost a l l  useful operating 
,gnditions. Iron, ruthenium, and cobalt catalyze the Fischer-Tropsch 

e r e  nevertheless considered since higher hydrocarbon formation would 

The type of products depend upon t h e  catalyst  

producing higher hydrocarbons. Iron and r u t h e n i h  ca t a lys t s  
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Figure 4. TYPICAL PULST TEST RESPONSES 
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le the f i n a l  gas a higher heating value. Cobalt ca ta lys t s  were not con- 
iered because they operate best  a t  lower pressures (1-10 a t m )  . ’ 

Catalysts were compared by measuring t h e i r  rate of carbon monox- 
? conversion. Test var iables  were temperature, feed gas composition, 
i the  feed rate/catalyst  weight r a t i o .  
Pee feed gases, covering a range of compositions typ ica l  of projected 
thanat ion feeds, were selected.  

A l l  tests were made a t  1000 psig.  

Table 1. COMPOSITIONS OF FEED GASES 

3d HiPh CO Intermediate CO Low co 
nposition, mole $ 
arbon Mmoxide 10.0 7.0 2.4 
arb on Dioxide 2 . 1  2 .1  2.0 
3drogen 34.5 26.1 13.5 
ethane 53.4 64.8 82 .1  

Tot a1  100.0 100 .0  100.0 

Nickel Catalysts 

The nickel  ca t a lys t s  studied were: 

Catalyst A: Nickel on kieselguhr 
Catalyst B: Nickel on alumina 
Catalyst C :  Nickel on alumina 

talyst A is more ac t ive  than ca t a lys t s  B and C.  For comparable feed 
$e/cetalyst  weight r a t i o s  and the  same low-CO feed gas, ca ta lys t  A 
Jnverts more  carbon monoxide a t  56OoF than ca ta lys t  B at 700°F (Figure . This a l s o  holds t r u e  f o r  other feed gases. Figure 7 shows typ ica l  
t?, fcr ca ta lys t  A i n  isothermal runs with low-CO feed gas. 

Iron Catalyst 

An ammonia-synthesis ca t a lys t  w a s  studied. Much lower feed rate/ 
.tal;rst weight r a t i o s  must be used w i t h  t h i s  ca ta lys t  t o  obtain conver- 
ons anproachinz those of ca ta lys t  A (Table 2 ) .  
\ 

Table 2. mSULTS WITH I R O N  CATALYST 
> Fi/w, Dry Prod Gas Content, 

mp, OF ca ta lys t  Feed Gas CO Conv,$ CH4 C B f  

6 04 0.027 I n t .  CO 55.7 
‘7CO 0.026 I n t .  CO C2.2 74.7 1- 3 

SCF/hr-S mole % 

68.2 0.8 
l3*O 73.4 1.3 

‘503 0.036 I n t .  CO 

e 00 0.026 In t .  CO 66.3 76.2 1 . 4  

:kqer-chained hydrocerbon ?orrat ion i s  much lower than expected. This 
presumably because of the hizh hydrogedcarbon monoxide r a t i o  of the  

ed ‘;as and the  h izh  y e s s u r e .  Bond’ c i t e s  both these conditions as 
I _ _  ‘J .jrln- !-;-droTenclgs~s. 
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TRACER RESPONSE IN PULSE TESTS 
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Figure 5. TYPICAL PULSE TEST RESULTS 
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Ruthenium Cat a lys t 

The ruthenium ca ta lys t  studied w a s  0.5% ruthenium on alumina. 
Dath i n  Table 3 show that at low temperatures and low feed rate/catalyst  
wei h t  ra t ios .  t h i s  ca t a lys t  i s  an e f f ec t ive  methanation catalyst .  High 
er tydrocarbon formation is ,  again, lower than expected, possibly due t o  
h~clrogenolgs%s. Trace yields  o f  o i l s  contarning paraffins,  olefins, and 
aromatics were obtained. 

\ Table 3. RESULTS WITH RUTHENIUM CATALYST ' 

SCF kr-g 
Feed Gas 

"i/W 
Temp, OF Catalyst 
2 10 0.059 I n t .  CO 
2 90 0.058 I n t .  CO 
347 0.058 I n t .  CO 
405 0.056 I n t .  CO 
470 0.056 I n t .  CO 
547 0 - 055 High CO 
6 00 0 - 503 I n t .  CO 
670 0-503 I n t .  CO 

Dry Prod Gas Content, , 
mole % 

CO Conv,% CH4 Cp+ 

6.0  67.7 0.9 
20.3 69.5 1.1 

5.5 66.6 0.9 , 
27.7 7 i .  i 
go. 0 85.2 
44.0 76.7 

86.2 84.1 

. .  
89.3 89.2 0.7 

I 
CONCLVSI ONS 

Conditions for  "perfect mixing" were determined An a continu-; 
ousl ls t i r red t a n k  c a t a l y t i c  reactor  operated a t  1000 psig.  
i ng  
u s e d  i n  this study. 

i n  t h i s  methanation study of t yp ica l  feed gases produced from coal hy- 
d r  ogas i f  i c a t  i on. 

kieselguhr c a t a l y s t  is  more ac t ive  than nickel-on-alumina, iron, and ,( 

ruthenium c a t a l y s t s  f o r  cleanup of CO i n  IGT's hydrogasification pro- ' 

cess .  
f o r  t e s t s  w i t h  i r o n  and r u t h e n i m  ca ta lys t s .  

Perfect mix- 
was obtained a t  s t i r r i n g  speeds above 1500 rpm over t he  flow range 

Neither gas-solid heat nor mass t r ans fe r  e f f ec t s  were found 

Evaluation of commercial ca t a lys t s  showed t h a t  nickel- on- 

Longer-chained hydrocarbon formation i s  much less than expected 

t 
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NOMENCLATLTRE 

C = concentration, l b  moles/cu f t  ' CM = maximum concentration of t r ace r  i n  pulse test ,  l b  moles/cu f t  

I ~ C S  = steady-state t r a c e r  concentration i n  purge or s t ep  tes t ,  l b  moles/ 
cu f t  

F = flow rate, SW/hr 

R = react ion rate, lb moles/hr-g 

1 t = t i m e ,  hr 

L,V = reac tor  volume, cu f t  

I w = ca ta lys t  weight, g 
1 
';Subs c r i p t  s 

' i refers t o  gas entering reac tor  

i o refers t o  gas leaving reac tor  
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MEMBERSHE' IN THE DIVISION OF FUEL CHEMISTRY 

The Fuel Chemistry Division of the American Chemical Society is an internation- 
ally recognized forum for scientists, engineers and technical economists con- 
cerned with the conversion of fuels to energy, chemicals, or  other forms of fuel. 
Its interests center on the chemical problems, but definitely include the 
engineering and economic aspects as well. 

Any chemist, chemical engineer, geologist, technical economist, or other 
scientists concerned with either the conventional fossil fuels, or the new high- 
energy fuels--whether he be in government, industry or independent professional 
organiLations--would benefit greatly from participation in the program of the 
Fuel Chemistry Division. 

The Fuel Chemistry Division offers at least two annual programs of symposia and 
general papers, extending over several days, usually at National Meetings of the 
American Chemical Society. These include the results of research, development, 
and analysis in the many fields relating to fuels which are so vital in today's 
energy-dependent economy. 
papers of their own, or participate in discussions with experts in their field. 
Most important, the Fuel Chemistry Division provides a permanent record of all of 
this material in the form of complete preprints. 

Starting in September 1959, the biennial Fuel Cell Symposia of the Division have 
been the most important technical meetings for chemists and chemical engineers 
active in this field. The 
recent landmark symposium on Advanced Propellant Chemistry is to be published in 
book form also. Further, the Division is streigtheilirg I t s  cwerage 3f areas ~f 
air and water pollution, gasification, and related areas. 

Members of the Division have the opportunity to present 

These symposia have all been published in book form. 

In addition to receiving several volumes of preprints, each year, as well as 
regular news of Division activities, benefits of membership include: 
subscription rates for 'IFuel" and "Combustion and Flame," (2) Reduced rates for 
volumes in the "Advances in Chemistry Series" based on Division symposia, and 
(3) The receipt card sent in acknowledgment of Division dues is good for $1.00 
toward a complete set of abstracts of all papers presented at each of the National 
Meetings. 

To join the Fuel Chemistry Division as a regular member, one must also be or 
become a member of the American Chemical Society. Those not eligible for ACS 
membership because they are not practicing scientists, engineers or technical 
economists in areas related to chemistry, can become Division Affiliates. They 
receive all benefits or a regular member except that they cannot vote, hold office 
or present other than invited papers. Affiliate membership is of particular value 
to those in the informational and library sciences who must maintain awareness of 
the fuel area. 
the United States are invited also to become Division Affiliates. 

Membership in the Fuel Chemistry Division costs only $4 per year, or $U for three 
years, in addition to ACS membership. 
joining ACS, is $10 per year. 

(1) Reduced 

Non ACS scientists active in the fuel area and living outside of 

The cost for a Division Affiliate, without 
For further information, write to: 

Dr. Frank Rusinko, Jr., Secretary-Treasurer 
ACS Division of Fuel Chemistry 
C/O Speer Carbon Company 
St. Marys, Pennsylvania 15857 
Telephone : 814-834-2801 
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RECENT FUEL DIVISION SyMposIA 

Symposium on Gas Generation 
General Papers 

Symposium on Chemical Phenomena in Plasmas 
Symposium on Kinetics and Mechanisms of 
High Temperature Reactions 

Symposium on Pyrolysis and Carbonization of Coal 
Symposium on Mineral Matter in Coal 

Symposium on Advanced Propellant Chemiste 

Symposium on Fuel and Energy Economics 
General Papers 

Symposium on Hydrocarbon-Air Fuel Cells= 

Symposium on Coatings Based on Bituminous 
Materials 

General Papers 

Symposium on Fossil Fuels and Environmental 

Joint with the Division of Water, Air, and 
Pollution 

Waste Chemistry 

Symposium on Pyrolysis Reactions of Fossil Fuels 
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,) * To be published by Advances in Chemistry. 
+1c Published by Academic Press, Inc. 
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nest Yeager, Chairman 
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int with Division of Physical Chemistry . W. Van Dolah, Chairman 

Spectrometry of Fuels and 
ted Materials 

oint with Division of Analytical Chemistry . A. Friedel, Chairnan 
sium on Fuel Cell Technology 
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es H. Gary, Chairman (Tentative; may be Spring 1968) 

Wender, Program Chainnan 
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