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(54) METHOD AND APPARATUS FOR THE PRODUCTION 
OF METHANE 

(71) We, CLARKE CHAPMAN-JOHN 
THOMPSON LIMITED, a British Company 
of P.O. Box 9, Victoria Works, Gateshead 8, 
County Durham, do hereby declare the inven-

5 tion, for which we pray that a patent may be 
granted to us, and the method by which it 
is to be performed, to be particularly des-
cribed in and by the folowing statement: — 

This invention relates to a method and 
10 apparatus for the production of methane 

from carbon dioxide and hydrogen using a 
catalyst, for example ruthenium. 

The present invention has particular 
applicability for the on-site production of 

15 methane for gas-cooled reactors where a 
source of carbon dioxide and hydrogen is 
available. 

Carbon dioxide and hydrogen react 
together in the presence of a suitable cata-

20 lyst to form methane according to the 
following reaction: — 

C 0 2 + 4 H ^ C H , + 2 H 2 0 

Methane is fed into the C02 coolant gas 
of the reactor in order to inhibit corrosion of 

25 the graphite core. Since methane is broken 
down by radiolysis, a continuous replenish-
ment is required. 

An object of the present invention is to 
provide a convenient process and apparatus 

30 for performing the conversion or carbon 
dioxide and hydrogen into methane. 

According to one aspect of the present 
invention, there is provided a vapour phase 
process for the production of methane, com-

35 prising the steps of performing a first con-
version stage by passing carbon dioxide and 
hydrogen over a suitable catalyst as herein 
defined to form methane, removing water in 
a condensation stage from the resultant gas 

40 mixture, and performing a second conver-
sion stage by passing the gas mixture from 
which the water has been removed over a 
suitable catalyst as herein defined to increase 
the yield of methane.' 

By the expression "suitable catalyst" is 45 
meant a catalyst which catalyses the reac-
tion between carbon dioxide and hydrogen 
to form methane. Examples of suitable cata-
lysts are platinum, cobalt and nickel though 
the preferred catalyst is ruthenium. 50 

Preferably, the catalysed reactions are 
carried out at an elevated temperature of 
340°C over a ruthenium catalyst. 

The catalysed reactions are preferably 
effected separately in a single reactor vessel. 55 

According to another aspect of the present 
invention there is provided a reactor for use 
in the process according to the invention, the 
reactor comprising a vessel divided internally 
to provide two inlet manifolds, two outlet 60 
manifolds and a chamber, the vessel having 
an inlet port to each inlet manifold an out-
let port to each outlet manifold, and an inlet 
port and an outlet port to the chamber to 
enable an heat exchange medium to be cir- 65 
culated through the chamber, the chamber 
being traversed by two groups of tubes, one 
group interconnecting one inlet manifold and 
one outlet manifold and the other group inter-
connecting the other inlet manifold and the 70 
other outlet manifold, the tubes being adapted 
to contain a suitable catalyst as herein 
defined. 

Preferably, the apparatus also includes a 
condenser for condensing product water con- 75 
nected with the outlet manifold of one group 
of tubes and with the inlet manifold of the 
other groups of tubes. 

An embodiment of the present invention 
will now be described, by way of example, 80 
with reference to the accompanying drawing 
which is a longitudinal section of a reactor 
in apparatus according to the present inven-
tion for producing methane for use in a gas-
cooled reactor. 85 

The apparatus comprises an ejector con-
nected on its inlet side with a source of pres-
surised carbon dioxide gas and a source of 
hydrogen gas, a two stage reactor whose 
first stage inlet is connected to the ejector, a 90 
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first stage condenser connected between the 
first stage outlet and the second stage inlet, 
of the reactor, a second stage condenser con-
nected to the second stage outlet of the 

5 reactor, and a mist separator and buffer 
vessel and condenser disposed downstream of 
the second stage condenser. 

Referring now to the drawing, the two 
stage reactor comprises a vertical vessel 1, of 

10 circular cross-section having 204 1" o.d. 
tubes 2 extending longitudinally therein. The 
tubes 2 are divided into two groups shown 
generally by arrows 3 and 4. Group 3 com-
prises 136 tubes 2 and forms part of the 

15 first stage whilst group 4 comprises 68 tubes 
2 and forms part of the second stage. The 
tubes 2 engage in and are sealed with a per-
forated end plate 5 at each end of the vessel 
1. The end plates 5 hold the tubes in spaced 

20 parallel relationship. 
The reactor also comprises an upper and 

a lower domed end cover 6 and 7, respec-
tively, each provided with a dividing parti-
tion S so that an inlet and outlet manifold 9 

25 and 10, respectively, are provided for the 
tubes 2 of group 3 and are separate from 
inlet and outlet manifolds 11 and 12, res-
pectively, for the tubes 2 of group 4. 

The insides of the tubes 2 are filled with 
30 a mixture of equal proportions of catalyst 

and carrier in the form of cylindrical pellets, 
I " diameter X -}" long. The catalyst is 
ruthenium, with alpha alumina as the car-
rier. 

3 5 Both the covers 6 and 7 are removable 
from the vessel but the cover 7 is hinged and 
incorporates a perforated plate 13 support-
ing a stainless steel mesh. 

The mesh retains the catalyst in position 
and prevents passage of catalyst fines. 

The vertical vessel 1 is also provided with 
a lower inlet 14 and an upper outlet 15 both 
connected with the space around the tubes 2 
within the vessel 1. The space contains liquid 

45 heat transfer medium. The inlet 14 and out-
let 15 are connected with a water-cooled con-
denser (not shown) for condensing the heat 
transfer medium. 

Electrical resistance hearing elements (not 
50 shown) are fitted around the outside of the 

vessel 1 and lagged. The heating elements are 
arranged as three units each controlled by a 
separate thermostat operated by thermo-
couples placed on the surface of the vessel 1, 

5 5 and set to operate in close sequence about the 
operating temperature. A thermocouple in 
a bottom pocket 16 measures and controls 
via a three term controller, a control valve in 
the pipework in which the heat transfer 

60 medium circulates. A thermocouple in a top 
pocket 17 monitors the temperature of heat 
transfer medium vapour at the top of the 
vessel 1. 

The method of producing methane is as 
65 follows: — 

Carbon dioxide under pressure is passed 
into the ejector at the rate of 100 Ibs/hr. and 
the ejector is arranged to draw 11 lb/hr of 
hydrogen from the supply. The carbon 
dioxide/hydrogen mixture is then passed at 70 
ambient temperature into the reactor via 
manifold 9 to pass through the tubes 2 of 
the group 3 and over the catalyst at a space 
velocity of 1,000 h r \ The catalyst bed has 
been previously heated at an optimum tem- 75 
perature of 340°C by the heating elements 
via the heat transfer medium before the gases 
are passed over the catalyst. The gases enter 
the first stage of the reactor and are heated 
by the heat transfer medium in the upper 80 
section of the tubes so that they pass in a 
heated condition over the catalyst which is 
maintained at a temperature of substantially 
340°C. 

The following reaction between the carbon 85 
dioxide and hydrogen occurs under the pre-
vailing conditions: — 

C O , + 4 H , ^ C H , -1-2ITO. 

The above reaction is exothermic so that 
once the methanation process has begun, the 90 
heating elements are automatically switched 
off and the heat transfer medium circulated 
to maintain the desired temperature. At the 
operating temperature, the vessel is approxi-
mately seven eighths full of liquid heat 95 
transfer medium, the rest being heat transfer 
medium vapour which is withdrawn from the 
top of the vessel 1, via outlet 15, condensed 
by the external water-cooled condenser and 
returned to the vessel 1 via inlet 14. 100 

For reasons that will be explained herein-
after, the hydrogen feed rate may drop to a 
level at which the methanation process is no 
longer self-sustaining, in which case the heat-
ing elements are switched in to maintain the 105 
operating temperature. 

When the methanation process is stopped, 
the temperature of the vessel is maintained 
so as to extend the life of the catalyst which 
is deleteriously affected by temperature 110 
fluctuations. 

The reaction at this stage has not passed 
to completion and the gas mixture leaving 
the first stage via the manifold 30 contains 
about 17% unreacted hydrogen as well as 115 
unreacted carbon dioxide, methane product 
and water by-product. 

The gas mixture from manifold 17 is 
passed through the first stage condenser 
where the water by-product is removed and 120 
the resultant gas mixture is passed through 
manifold 11 and into the tubes 2 of group 4 
to be re-heated and passed over catalyst at a 
temperature of 340°C and a space velocity 
of 1,000 hr 1 . 125 

Since water has been removed after the 
first stage reaction, the total conversion of 
hydrogen to methane is improved in the 
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second stage to better than 97% of the theo- stage from the resultant gas mixture, and 
retical when operating et a catalyst bed tem- performing a second conversion stage by 60 
perature of substantially 340°C. passing the gas mixture from which the water 

The gas mixture leaving the reactor by has been removed over a suitable catalyst as 
5 manifold 12 contains 22 lb/hr of methane, herein defined to increase the yield of 

39.5 lb/hr cf carbon dioxide and water, with methane. 
less than 5 % by volume of dry hydrogen. 2. A process as claimed in claim 1 wherein 65 

The gas mixture is passed through the the catalyst is ruthenium, platinum, cobalt or 
second stage condenser where water produced nickel. 

10 in the second stage reaction is condensed and 3. A process as claimed in claim 1 wherein 
removed. Finally, the gas mixture is passed the catalysed reactions are carried out at a 
to the compressor via the mist separator and temperature of 340°C over a ruthenium 70 
buffer vessel. The compressor compresses the catalyst. 
gas mixture until it is at the same pressure 4. A process as claimed in claim 3 wherein 

15 as coolant carbon dioxide being fed to the the space velocity of gas mixtures during 
gas-cooled Teactor and the gas mixture is catalytic reaction is 1000 hr 1 . 
passed into the reactor with the coolant to 5. A process as claimed in any one of the 
inhibit corrosion. preceding claims wherein the catalysed reac-

It will be appreciated by those familiar tions are effected separately in a single 
20 with gas-cooled reactors that the coolant car- reactor vessel. 

bon dioxide can react with die graphite core 6. A reactor for use in the process claimed 
according to the following reaction to cause in any preceding claim comprising a vessel 80 
corrosion of the core:— divided internally to provide two inlet mani-

folds, two outlet manifolds and a chamber, 
CO;, -]- C,==i;2CO the vessel having an inlet port to each inlet 

manifold and outlet port to each outlet mani-
25 This reaction is reversible and the reverse fold, and an inlet port and an outlet port to 85 

reaction causes graphite dust to be deposited the chamber to enable a heat exchange 
with the result that fouling of the heat medium to be circulated through the chamber, 
transfer surfaces occurs. the chamber being traversed by two groups 

To minimise the reverse reaction, oxygen of tubes, one group interconnecting one inlet 
30 is injected which combines with carbon mon- manifold and one outlet manifold and the 90 

oxide in the presence of a catalyst to form other group interconnecting the other inlet 
carbon dioxide. The oxygen required is derived manifold and the other outlet manifold, the 
from the electrolysis of water in an electro- tubes being adapted to contain a suitable 
lyser. Thus, hydrogen is also formed. catalyst as herein defined. 

35 It will be manifest that the amount of 7. Apparatus for performing the process 95 
coolant required and therefore the amount of claimed in any claim of claims 1 to 5 inclucl-
oxygen and methane required is dependent ing a reactor as claimed in claim 6 in which 
upon the power level in the reactor. a condenser for condensing product water is 

Thus, the current in the electrolyser is con- connected with the outlet manifold of one 
40 trolled automatically according to the power group of tubes of the reactor and with the 100 

level of the reactor to give the required inlet manifold of the other group of tubes of 
amount of oxygen for reaction with the carbon the reactor. 
monoxide and the required amount of hydro- 8. Apparatus as claimed in claim 7 includ-
gen for the methanation process. Thus, the ing a second condenser for condensing pro-

4 5 feed rate of hydrogen to the methanation duct water connected with the outlet manifold 105 
reactor varies. of said other group of tubes of the reactor. 

The use of multi-tube reactor allows the 9. A process for the production of methane, 
temperature of the catalyst bed to be con- substantially as herein described with refer-
trolled very effectively thus avoiding hot ence to the accompanying drawing. 

50 spots in the bed and increasing the catalyst 10. A reactor for catalytically reacting n o 
life. carbon dioxide and hydrogen together to 

form methane, substantially as herein des-
WHAT WE CLAIM IS: — cribed with reference to and as illustrated in 
1. A vapour-phase process for the pro- the accompanying drawing, 

duction of methane, comprising the steps of 
55 performing a first conversion stage by pass-

ing carbon dioxide and hydrogen over a ROBERT J. CUMMINGS, 
suitable catalyst as herein defined to form Chartered Patent Agent, 
methane, removing water in a condensation Agent for the Applicants. 

Printed for Her Majesty's Stationery Office, by the Courier Press, Leamington Spa, 1973. 
PuWished by The Patent Office, 25 Southampton Buildings, London, WC2A1AY, from 

which copies may be obtained. 



1333251 COMPLETE SPECIFICATION 

1 SHEET 1"!lis d r o w i n 2 i s 0 reproduction of 
the Original on a reduced scale 


