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SUMMARY 

The r e a c t i o n  between carbon monoxide and hydrogen t o  form 

water and methane proceeds q u a n t i t a t i v e l y  i n  a s i n g l e  pass 

through a supported N i  c a t a l y s t  bed a t  250 - 35OOC i n  an 

atmospheric-pressure f l o w  system. 

capable o f  rap id ,  continuous product ion o f  i s o t o p i c a l l y  

l a b e l l e d  methanes. 

The system described i s  

13 

Sy n t hes i s . 
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INTRODUCTION 

The synthes is  o f  methane-I3C i n  a batch process has been descr ibed 

e a r l i e r  (1). More recen t l y ,  i n  connection w i t h  atmospheric t r a c e r  exper i -  

ments us ing i s o t o p i c a l l y  l a b e l l e d  methanes, t he  need arose f o r  a s y n t h e t i c  

process capable o f  producing such ma te r ia l s  a t  a much more r a p i d  r a t e  

us ing  carbon monoxide and hydrogen as reactants .  

o f  an atmospheric-pressure, Pyrex-glass f l o w  system (shown schemat ica l ly  i n  

F igure 1) i n  which the  r e a c t i o n  

This lead t o  development 

CO + 3 H2 3 CH4 + H20 

produces 1 mol per  hour o f  t he  des i red  methane when a m ix tu re  o f  -3.5 H2 

per  CO ( t o  ensure XS H2 which a l so  serves as a sweep gas) i s  passed over 

a s u i t a b l e  c a t a l y s t  a t  250 - 350OC. The system has been used t o  prepare 

* Work on t h i s  a r t i c l e  was p e r f o r m e d  under the  auspices  o f  t h e  USEROA 
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13C04, I3CH4, I2CH4,  I2CO4 and mixtures of 13CHxD4-x by using the 

appropriately labelled carbon monoxide in conjunction with either D 2 ,  He, 

or H2-02 mixtures. 

tai nty of measurement of total CO processed ( t2%).  Mass-spectrometric 

analysis of the methane produced shows small amounts of unreacted CO ( o f  

the order of 0.2%) as the only detectable impurity. 

Fig. 1, the total amount of methane which can be produced in a continuous 

run is limited by the capacities of the traps which condense the water and 

methane. 

of methane.) 

continuous by providing a second trapping system, identical to the one 

shown, into which the product stream could be diverted while the products 

in the first system were being recovered. 

The yield of methane is quantitative within the uncer- 

In the system shown in 

(In the present system, the methane trap can hold up to 6 moles 

However, if desired, the process could be made completely 

The trapping system shown in Fig. 1 catches the bulk of the water in 

receiver TR1 cooled in an ice-H20 bath. 

removes residual water from the methane and excess hydrogen. 

trap TR3, cooled in liquid N2, catches the bulk of the methane while trap 

TR4, also cooled in liquid N2, catches Q% or less of the total methane 

recovered. 

librium vapor pressure o f  2.10 torr (2) ,  some product is carried away in 

the exit stream of excess hydrogen. 

described, loss o f  methane by this route is less than 1% of the total 

methane produced and has, therefore, been ignored. 

caught on Linde 5A molecular sieves at liquid N2 temperature (3) but separ- 

ation of the methane from the concurrently absorbed hydrogen is tedious.) 

Two catalyst preparations have been tested and both found capable of 

The ensuing dry-ice trap TR2 

Similarly, 

Since methane at liquid N2 temperature is a solid with equi- 

Under the experimental conditions 

(This material can be 

producing methane from carbon monoxide and hydrogen in essentially quanti- 

tative yield at the rate of 1 mole per hour in the flow system described. 

One is a commercial preparation o f  0.5% Ru on 1/8" x 1/8" y-A1203 pellets (4) 
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and the other a "homemade" preparation of 1.5% Ni on the same support. 

each case, a catalyst bed 55 mm in diameter by 6 cm long (containing 1.150 g 

of catalyst) operating at an indicated temperature of 250 - 350°C (read on a 

Cr-A1 thermocouple near the center of the catalyst bed, cf. Fig. l), served 

the required purpose. 

consideration since it is exothermic to the extent of - 4 0  Kcal per mole (5). 

Thus, at a production rate of 1 mole per hr, the reaction itself is putting 

*60 watts of heating into the reaction zone. 

dissipated, the indicated temperature may, even in the absence of added heat 

from the furnace, exceed 4OO0C whereupon there is a measurable decrease in 

yield of methane and a noticeable deposit of carbon in the reaction zone. It 

is, therefore, desirable to facilitate heat transfer out of the reaction zone 

by using a minimally insulated furnace regulated to maintain the catalyst 

bed at 25OoC in the absence o f  reaction. With the reaction proceeding at 

1 mole per hour of methane, the indicated temperature in the system described 

typically increases to a steady-state value of 300 - 35OoC with the furnace 
in place but with its power turned off. 

In 

Dissipation of the heat of reaction is an important 

Unless this heat is effectively 

EXPERIMENTAL 
13 Carbon- C monoxide at 90 - 93 atom % 13C was produced by the Los 

Alamos Stable Isotope Resource (6). 

The "homemade" Ni catalyst now used routinely in this synthesis may 

be prepared as follows: 

Dissolve 75 g Ni(N03)2.6H20 (Baker Analyzed Reagent, F .  Wt. = 291) in 

In a 1000 me Erlenmeyer flask, distilled H20 to a final volume of 150 ma. 

wash 300 g of 1/8" x 1/8" y-A1203pellets (Strem Chemicals, Inc., Danvers, 

Mass.) with distilled H20 by decantation to remove fines. Add the 150 ma 

of Ni(N03)2 solution to the moist A1203 pellets in the 1000 ma Erlenmeyer 

flask and pump off H20 using.a "Roto-Vap" apparatus with aspirator pumping 

and the Erlenmeyer flask rotating while partially submerged in a 4OoC bath. 
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When a l l  the 

d ry  overn ight  

p e l l e t s  o f  A1 

i q u i d  i s  gone, t r a n s f e r  t he  p a r t i c l e s  t o  a 1 l i t e r  beaker and 

i n  a 100°C oven. The p repara t i on  now cons is t s  o f  l i g h t  green 

D3 impregnated w i t h  Ni(N03)2. Convert the Ni(N03)2 t o  N i O  by 

heat ing the p e l l e t s  i n  a i r  (2.75 g a t  a t i m e  i n  a 17.5 cm evaporat ing d i sh  

over a Meker burner) w i t h  s t i r r i n g  u n t i l  e v o l u t i o n  o f  brown oxides o f  

n i t rogen  i s  no longer  observed. 

uniform, medium-grey d i spe rs ion  o f  N i O  on A1203. 

N i O  t o  N i  by hea t ing  the  p e l l e t s  t o  *35OoC i n  a stream o f  H2 f o r  24 - 48 h r .  

The f i n a l  c a t a l y s t  i s  un i form dark grey. 

The p a r t i c l e s  should now c o n s i s t  o f  a 

be fo re  use, reduce the  

A t y p i c a l  r u n  proceeds as fo l l ows :  With a slow f l o w  o f  hydrogen (-5 STPL/ 

hr )  through the  system, t u r n  the  thermoregulated furnace on and w a i t  u n t i l  

the i nd i ca ted  temperature i n  the  c a t a l y s t  bed i s  r e g u l a t i n g  a t  25OoC. Wi th 

a l l  t r aps  immersed i n  appropr ia te coo l i ng  baths, increase the  hydrogen f l ow  

t o  78 STPL/hr and in t roduce the  carbon monoxide a t  22 STPL/hr i n t o  the  

hydrogen stream. 

made: 1) 

%12 STPL/hr); 2) not iceable condensation o f  water and methane i n  t h e i r  

respect ive t raps ;  and 3) 

c a t a l y s t  bed. 

bed should have reached a steady s ta te ,  n o t  t o  exceed 400OC. 

occasional replenishment of coo lan t  i n  t h e  var ious c o l d  baths, t he  system 

runs cont inuously  w i t h  l i t t l e  a t t e n t i o n  u n t i l  t he  water and methane c o l l e c -  

t o r s  r e q u i r e  emptying; i n  the system descr ibed here, a maximum o f  6 h r .  

A t  t h i s  p o i n t ,  the carbon monoxide f low i s  shut o f f ,  then the  hydrogen f l ow  

reduced t o  10 - 20 STPL/hr and al lowed t o  cont inue f o r  2.15 minutes more t o  

ensure t h a t  a l l  water and methane have been swept ou t  o f  t he  r e a c t i o n  zone 

i n t o  t h e i r  respect ive t raps.  The methane t raps  are then i s o l a t e d  from the  

f l o w  system and pumped on a t  l i qu id -N2  temperature t o  remove hydrogen. 

l i qu id -N2  baths are then removed and the  methane t r a n s f e r r e d  through the 

Wi th in  a few minutes, t he  f o l l o w i n g  observations should be 

a decrease i n  f l ow  o f  gas a t  t he  system e x i t  ( f rom 2.100 STPL/hr t o  

a s i g n i f i c a n t  r i s e  i n  i n d i c a t e d  temperature o f  t h e  

Wi th in  an hour o r  so the i n d i c a t e d  temperature i n  the  c a t a l y s t  

Except f o r  

The 
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vacuum mani fo ld  i n t o  a p rev ious l y  evacuated and l iqu id-N2-cooled s t a i n l e s s  

s tee l  c y l i n d e r  equipped w i t h  a high-pressure metal valve. 

Typica l  mass-spectrometric ana lys i s  o f  methane prepared from o rd ina ry  

carbon monoxide (98.9% "CO, 1.E 13CO) and h igh  p u r i t y  D2 (>99.5%) i s :  

98.8% CD4, 1.0% CD4, 0.2% C 0. 12 13 12 16 
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F igure 1 

Atmospheric-Pressure Flow System: 

M, f lowmeters; PR, mercury p r e s s u r e - r e l i e f ;  C,  c a t a l y s t  bed; W, Pyrex-wool 

i n s u l a t i o n ;  F, thermoregulated furnace; 3 ,  71/60 standard-taper Pyrex j o i n t ;  

T, thermocouple; 5, 8 mm 0.d. standard-wall  Pyrex, a i r - coo led  s p i r a l ;  TR1-4, 

t raps  described in t e x t ;  E,  e x i t  t o  atmosphere; E ' ,  a l t e r n a t e  e x i t  t o  

atmosphere; V,  connection t o  vacuum mani fo ld .  A l l  connecting t u b i n g  i s  8 mm 

0.d. standard-wall  Pyrex and, unless otherwise spec i f i ed ,  valves are Kontes, 

Pyrex and Te f lon  valves w i t h  v i t o n  O-r ing seats. 

R, pressure regu la to rs ;  TV,  t h r o t t l i n g  valves; 




