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Specification of Letters Patent,

Application filed February 25, 1910, Serial No. 546,016.

To all whom it may concern: .
Be it known that we, Frep Bebrorp, Ph.

D., B. Sc. Lond., and Crarres Epwarp Wi i

LIaus, subjects of the King of Great Britain
and Ireland, and residing at Sleaford, in
the county of Lincoln, England, have in-
vented certain new and useful Improvements
in and" Connected with the Catalytic Syn-
of which the following is
a specification. B

This invention relates to an improved

process for the catalytic synthesis of methane .

or & mixture of methane with other gases.

The value of ordinary coal gas is due to
the large percentage of methane contained
therein, and attempts have been made to
produce methane synthetically from carbon
oxids by the action of hydrogen in the pres-
ence of finely divided nickel, the function of
the latter being simply catalytic. - The re-
actions which take place may be represented
by the equations:— -

CO-++3H,=CH,+H,0
002‘;‘4H =CH4+2H20

' This catalytic reaction i)roceeds smoothly

provided the reacting gases are pure, and
‘provided alse that hydrogen is preseixt in

sufficient quantity as demanded by the above"

I, -however, the reacting gases

equations,
certain - substances—hereinafter

drogen, carbon disilfid, mercaptan-and sul-

.. fur compounds in general, even if only in
. very minute quantities, the nickel very soon

loses ‘its ‘activity. In order, therefore, to

A . preserve the activity of the nickel, it is es-

40

- 48

- posed. for the removal of the sulfur impuri- |
" ties, and for obtaining carbon monoxid and |
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sential that the impurities invariably present
in commercial gases be carefully removed be-
fore the latter are allowed to come in contact
with the catalytic nickel. Various processes
have been proposed for the removal of the
impurities.  Again all commerecial gases ob-
tained by gasifying coal and containing hy-
drogen and carbon monoxid are deficient in
hydrogen. Various methods have been pro-

‘hydrogen in the proper relative quantities,
either by varying the mode of manufacture
of the gases or by adding hydrogen. Some
of these methods have depended on the ¢ool-
ing of the gases to a degree sufficient only te
liquefy -them with a view to the separation

* of certain of the constituents. But norne of

-tion of methane,

these processes have been so far commer-
cially successful.
The object of this invention is to provide
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a process by which the sulfur impurities may .

be effectually removed and at the same time
the- cheapest of the commercial gases of the
type of Mond gas and Duff gas and the like
may be commercially treated for the produc-
without “there being any
need to modify their process of manufacture,
In carrying out this process the mixture of
gases (which should be first freed from car-
bon dioxid) is cooled to'the degree necessary.
in order to get the sulfur impurities into a
solid form having little or no vapor tension
the hydrogen passing off as a gas and being
collected while the carbon monoxid, nitro--
gen, and methane will be liquid or solid.
On allowing this latter mixture to evaporate
carbon monoxid and pitrogen distil og first
and are effectually separated from the sul-
fur inipurities.  After this distillation proc-
essa certain quantity of the carbon monoxid
obtained is mixed with the hydrogen so that
the hydrogen and carbon monoxid are in the
required proportions. This mixture is passed
over nickel in the known manner. There
should always be an excess of hydrogen over
the theoretical quantity in order to prevent
local heating of the metal. The amount of
this excess depends on various ci rcumstances,
such’as the speed at which the gaseous mix-
-ture is passed over the metal, and if nitro-
gen is present this acts as a diluent and as-
sists_in preventing local heating, and a

To illustrate one mode of carrying out
the invention,

pare methane synthetically from a Mond

gas of the following approximate compesi- -

tion :— .
Hydrogen________________ 98, 0%
Carbon monoxid__________ 11, 0%
Carbon dioxid __________ - 16.09%

" Methane _______________ . 2.0%
Nitrogen__.______________'43. 0%

The carbon dioxid is first-removed in any
Imown manner, for example, by absorption

suppose it be required to pre- -
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' smaller excess of hydrogen may be used than -
“would otherwise be necessary. ‘
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in a solution of sodium carbonate, such re-.

moval .being desirable to prevent the clog-

ging of the apparatus by the carbon dioxid.

‘The residual mixture is passed through a

cooling apparatus adapted to cool it to about.

110 °
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%5 fed gas is drawn from the tower e through
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—190° C. A .cooling apparatus of the well
known type used in the fractional abstrac-
tion method of obtaining oxygen from the
air may be employed for this purpose. Af-
ter this cooling process the hydrogen passes
off 4s a gas, carrying with it small quanti-

‘ties only of carbon monoxid and nitrogen,

but leaving behind it the bulk of these gases
with the methane and all the sulfur impuri-
ties in the solid form that were present in
the commercial gas. On evaporating the
mixture left after the removal of the hydro-
gen, the carbon monoxid and nitrogen dis-
til off first, and these may be separated by
known means, for example, by absorption
of the carbon monoxid by means of cuprous
chlorid solution, from which the carbon mo-
noxid can be again obtained by evaporation.
A certain quantity of the carbon monoxid
thus obtained is mixed with the hydrogen
so that these two gases are present in the re-

quired quantities and the mixture entirely -

freed from the impurities which were pres-
ent in the commercial gas, is passed over
heated finely divided nickel. By separating
out the impurities as above described, the
life of the catalytic nickel is considerably
prolonged. = i ‘

The accompanying drawing illustrates one
convenient form of apparatus for carrying
out the process according to the present in-
vention and in the following description it
will be assumed that it is desired to synthe-
size methane from water gas. ,

. Water gas, produced in any wusual man-
ner, is passed into the gas-holder ¢, which
may .be of any convenient . construction.
From the gasometer a the crude water gas
is drawn by means of a pump b, through
a pair of towers ¢, d; containing slaked lime
placed upon baffles or perforated plates and

thence through a third tower ¢ containing .

caleium chlorid, the function of the latter
being to remove the carbon dioxid from. the
gas. A sample of the. gas, after passing
through the tower ¢ would be found to give
no turbidity with baryta water nor would

it turn lead acetate paper brown, but a ‘test
with heated finely divided nickel. would:

prove that the purification thus far carried
out was utterly inadequate, as with even the
minutest traces of sulfur impurities in the
gas would be sufficient to kiﬁ the catalytic
activity of the nickel. The partially puri-

the pipe f by the pump . and forced out
through the pipe g into one of the well-

.known liquefiers 2 where the separation of’
the hydrogen from the carbon monoxid takes’

place, the latter liquefying and carrying
‘down with it in the solid form the minute
trace of impurities which would otherwise

“be detrimental to the nickel. The hydrogen

which remains in the gaseous state, is led off
into the gas holder <. The liquid carbon

monoxid in the liquefier % is allowed to boil
off into the gas-holder % at such a rate that
the temperature of % is never allowed to rise
above —180° C. This is accomplished by
never allowing all the carbon monoxid to
evaporate. By these means all the delete-
rious impurities are held back in the lique-
fier A. The inlets to the gas mixer [ are
so adjusted that the hydrogen and carbon
‘monoxid flowing therethrough from the gas
holders ¢ and % are adjusted in the correct

_proportions demanded by theory, that is,

in the proportion of not less than three to
one.  This mixture then leaves the gas mixer
7-and is made to pass through-a tower m
containing finely divided nickel and heated
by means of an oil bath or other .suitable
means to a temperature of about 250°.C.
This last step results in-the transformation
of the mixture of hydrogen and carbon mo-
noxid into methane, the latter being  col-
lected in the gas holder n where it may be
stored for further use or whence it may be
directly drawn oft if required. o
The ‘series of operations for the synthesiz-
ing of Mond gas 1s similar to those described

“for water gas with the exception that it is

70

75

80

85

90

advisable to substitute iron hydroxid for -

slaked lime in one of the towers ¢, d. On
fractionating the Mond gas by means of
the liquefier A, the hydrogen is again col-

95

lected in the gas holder ¢ and a mixture of -

. carbon monoxid and nitrogen will be col-’
‘lected in- k. In this case, as in all cases

where the. original gas contains nitrogen,
the mixer [ is so adjusted that the mixture
of carbon monoxid and nitrogen contains the
requisite quantity of carbon monoxid. . The

final gas after passing through the tower m is

a mixture of methane ahd nitrogen, which::105 ¢

100

mixture may be separated by means.of a -

liquefier similar to h. : e

‘Another mode of carrying .out the syn-
thesis of methafie from Mond gas and the
like is to first subject the gas, after freeing
it from carbon dioxid, to the temperature
‘of liquid ajr in such a manner ‘that the im-
purities separate out in-the solid form pos-
sessing little or no.vapor tension and that
the whole of the carbon monoxid does not
become liquid, but the hydrogen retains the
requisite amount of carbon monoxid for the

 synthesis of methane. This can be effected

by regulating the pressure at which the
fractional separation by cooling takes place.
‘The mixtute of hydrogen, carbon monoxid -
and nitrogen, freed from impurities by the
cooling, is passed over heated finely divided
nickel, a mixture of methane and nitrogen
being thus formed. The nitrogen can be
separated .out by subjecting the. mixture to-
a temperature of about —180° C., the nitro-
gen remaining as a gas and the methane

Hquefying. The nitrogen may also be.sep- .
, arated by any other known means.
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e . . .
O It is to be noted that nitrogen is not an

“mpurity in the sense hereinbefore referred
{0 and it is immaterial, so far as the cata-
tic -activity of the nickel is concerned,
5 hether it is present or not during the cata-
tic reaction. In some cases as for in-
ance in the case of coal gas it is advan-
Egeous before the gases are cooled to partly

- Purify them, e. g., with iron hydroxid. C
0 ‘g Having now described our invention what
Ove claim as new and desire to secure by Let-

rs Patent is:— ) o ’
gl. A process for the catalytic synthesis
methane from a commercial gas contain-

5 Ing hydrogen and ‘carbon monoxid compris-.

Thg cooling the commercial gas to such a de-
&ee that the impurities separate out in the
$olid form possessing little or no svapor ten-
ston and. passing the purified commercial
) gas into contact with a heated catalytic sub-
stance, for' the purpose set forth. ’
2. A’ process for the catalytic synthesis
of methané from a commercial gas contain-
-ing hydrogen and carbon monoxid compris-
' Ing subjecting the commercial gas to a cool-
ing process for the purpose of separating

-out the impurities in the solid form possess-

ing little or no vapor tension, and in such a | -

manner that the hydrogen retains the req-

uisite quantity of carbon monoxid, and pass--

ing the mixture into contact with a heated
catalytic substance, for the purpose set forth.

F:

l 8. A process for the catalytic synthesis
i of methane from a commercial gas contain-
.1 Ing hydrogen and carbon monoxid compris-

Ing process for the purpose “of separating
out the impurities in the solid form possess-
ing little or no vapor tension, and in such
manner that the hydrogen retains the req-
uisite quantity of carbon monoxid, passing
the mixture into contact with a heated cata-
Iytic substance, and separating .out the
methane. B

of methane from a commereial gas contain-
ing hydrogen and carbon monoxid eompris-
ing subjecting the commercial gas to a cool-
ing process for the purpose. of separating
out the impurities in the solid form possess-

manner that the hydrogen retains the req-

the mixture into.contact with a heated cata-
Iytic substance in the presence of an excess
of nitrogen, and separating out the methane.
In testimony. whereof, we affix our signa-
tures in presence of two witnesses. - :

FRED BEDFORD.
'CHAS. ED. WILLIAMS.

Witnesses : _
W. W. Triges, )
Bertram H. MaTTHEWS.

ing subjecting the commercial gas to a cool-

4. A process for the catalytic synthesis

uisite quantity of carbon monoxid, passing:
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ing little or no vapor tension, and in such a -



