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Divided and this application filed March 7, 1925,

This invention is a division of my pending
application Serial No. 603,696, filed Novem-
" ber 27, 1922, and relates to the manufacture
and utilization of formic acid more es-
5 pecially for use in connection with the pro-
duction or conversion of liquid hydrocar-
bons, the chief object of the invention being
to “crack” or transform liquid hydrocarbons
or to obtain an increased yield of the more
readily liquefiable constituents or conden-
sible hydrocarbons especially during the dis-
tillation of carbonaceous materials, such as
coal, lignite, peat, shale, wood and the like.
A further object of the invention is to
cheapen and simplify the manufacture or
production of formic acid.

As is well understood, the amount of
liquid or condensible hydrocarbons obtained
by destructive or other forms of distillation
depends primarily upon the amount of vol-
atile matter contained in the material to be
distilled and secondly upon the temperature
of distillation. In distilling processes as at
present carried on, only a percentage of the
volatile hydrocarbons contained in the car-
bonaceous material has been obtained in

x

liquid form, the rest of the volatile hydro-

carbons passing off during the process of
distillation in the form of a so-called per-
manent gas, that is to say, a gas which can-
not be liquefied unless at an extremely low
temperature and under high pressure.

In order to increase the volume of con-
densible or liquefiable hydrocarbons yielded
up during the process of distillation it has
been proposed to add to the carbonaceous
material before or during the process of dis-
tillation certain other materials with the ob-
ject of exercising a so-called catalytic action
thereon, oxidation or hydrogenation being
thereby caused to_take place in such a way
that the relative proportions of the carbon
and hydrogen atoms present in the hydro-
carbons have been altered so as to produce
new combinations which give rise to an
increased yield of the more readily liquefi-
able constituents of the hydrocarbons.

One of the substances which it has been
proposed to use for this purpose has been the
salts of formic acid, preferably sodium for-
mate, this substance being mixed in various
proportions with the carbonaceous material

Serial No. 13,917.

which is to be distilled ‘and, by 4ts use, &

higher proportionate yield of liguid hydro-
carbon has been stated to result.

Up to the present time, however, these
attempts have been more or less of an ex-
perimental character and have not been de-
veloped on a commercial scale on account of
the fact that the cost of anactive catalyzer
which would produce oxidization or hydro-
genation, or of the sodium formate, was out
of all proportion to the value of the in-
creased yield of liquefiable hydrocarbons ob-
tained by its use.

According to one feature of the present
invention formic acid is produced directly
from methane or a gas containing methane,
in the presence of a metallic catalyzer, pref-
erably a metallic oxide catalyzer, or from
carbon monoxide in the presence of water
vapour and a metallic catalyzer.

A gas also suitable for the catalytic pro-
duction of formic acid consists for instance
of so-called air gas, composed principally of
carbon monoxide and nitrogen, or ordinary
coal gas, containing methane, or natural gas
may be used. :

_In the case of methane or a gas containing
methane the gas is passed over a suitable
metallic catalyzer or metallic oxide catalyzer
and the following reaction takes place.

CH,+-0,=CO-H,0-+H,

In the presence of the catalyzer, the CO
combines with the H,0O to produce formic
acid.

(CH,O, or H.CO.0H)

‘The metallic catalyzer which I have found
most suitable may be manufactured as fol-
lows:—An activated copper suboxide is pro-
duced by precipitating copper from a solu-
tion of copper sulphate by means of metallic
zinc the copper sulphate being greatly in
excess so as to ensure that no metallic zine
is present. The precipitated copper sub-
oxide is thereafter washed and boiled so as
to remove as far as possible all ‘traces of
zine and afterwards dried and roasted in
the air. Although T have found an acti-
vated copper sub-oxide produced in the fore-
going manner to be satisfactory, other cop-
per oxides precipitated from copper salts
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(whether organic or inorg‘anic and by any
suitable method including Sabatiers method)
or ordinary granulated or powdered copper
may also -be employed, provided the pre-
ci~itate is activated by being moistened in a
zinc sulphate solution. '

In manufacturing free formic acid from
methane I have found that satisfactory re-
sults can be obtained by proceeding as fol-
lows —

Pure methane, made for example, by the
dry distillation of sodium acetate and so-
dium lime in excess, is carefully cleansed
of impurities and conducted over or through

the fine spongy granules of an activated

copper sub-oxide produced in the foregoing

manner. - The methane appears to be split’

up and oxidized in the following manner :—
COs+2H0 :
2CH+30
EoHE ’Cco+Hzo+H,
. CHOOH(CH;0s)
the resulting products being' therefore as
follows—

CO,-+-2H,0+4-H,+CHOOH

In the foregoing reaction the methane
takes its oxygen from the copper sub-oxide,

_as no free oxygen is required. The reaction

is an endothermic one and requires a temper-
ature ranging from 250° to 800° centigrade.
When manufacturing formic acid from

carbon monoxide or a gas containing car--

bon monoxide the reaction is carried on in
the presence of water vapour in addition to
the metallic catalyzer.

Chemical analysis of the activated copper
sub-oxide produced in the foregoing man-
ner shows that it appears to approach very
closely the formula Cu,0 before acting on
the methane of carbon monoxide. After a
comparatively short time however, the cop-
per sub-oxide becomes inactive and appears
to have lost a certain amount of its oxygen.
At the same time it becomes lighter in col-
our and analysis gives the formula Cu,O or
Cu,Cu,0. In order to revivify the copper
sub-oxide T may moisten the same with a
very weak solution of zin¢ sulphate. After
treatment in this way the copper sub-oxide
becomes re-activated and the operation of
revivifying the vitiated copper sub-exide
can be repeated over and over again. Pre-
ipitated copper sub-oxide produced as afore-
said retains its activity for a prolonged pe-
riod.

According to a further feature of the pres-
ent invention free formic acid is admitted
in vapour form into the interior of a dis-
tillation chamber, retort or the like con-
taining carbonaccous materials which are
undergoing distillation, the formic acid be-
ing preferably produced as aforesaid from
methane; air gas or a gas containing meth-
ane or carbon nionoxide by the aid of a suit-

able catalyst as a step in the process of dis-
tillation. The carbonaceous material may
contain a small percentage of admixed car-
bonates of sodium, potassium or calcimn.
The hydrogen liberated during the reac-
tion which results in the production of
formic acid, being in the nascent state, is
very active in promoting new hydrocarbon
products, while at the high temperature pre-
vailing within the distillation chamber or
retort, the formic acid is immediately decom-
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posed and further nascent hydrogen is set

free. v

The catalytic reaction for the production
of formic acid being endothermic, that is to
say, requiring heat, the heat can conveniently

‘be supplied by utilizing the so-called sen-

sible or mechanical heat of the carbon.mon-

. oxide or methane itself as it issues from an

adjacent producer. After the reaction is

completed or carried out to the desired ex-
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tent, the spent gases, containing free formic -

acid in the form of vapour, may be injected

- or admitted to the distillation chamber, re-

tort, or other chamber containing the carbo-

00 .

naceous material or the hydrocarbons which .

are being distilled or converted. By em-
ploying free formic acid vapour in the man-
ner above described, and utilizing the activ-
ity of the nascent hydrogen formed in the
retort by the decomposition of the formic.
acid, the proportionate yield of liquid or
condensible hydrocarbons is very greatly
increased. In cases where the distillation of
carbonaceous materials is carried out in a
retort. which is heated internally by means
of the sensible heat of producer gas, such as,
for example, air gas as mentioned above or
water gas, it is possible to by-pass into a
suitable chamber any convenient amount of
such gas in the hot state at which it leaves
the producer, and, after the conversion of
the whole or part of the carbon monoxide
into formic acid, this gas may be allowed to
mingle, for the purpose described, with the
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main supply of gases as they enter the retort,
or it may be admitted at any other conven- .-

ient point. _

It is to be understood that the present
process may also be applied to the conver-
sion of liquid hydrocarbons, the hydrocar-
bons to this end being heated in a suitable
chamber until they volatilize and the free
formic acid being admitted to the said cham-
ber, or other gases of the hydrocarbon se-
ries may be similarly treated, for example,
acetylene gas may be converted into formic
acid ‘or, in the presence of hydrogen into
formaldehyde. The manufacture of acetic
acid or the treatment or conversion of other
hydrocarbons, industrial gases, or gases con-
taining hydrocarbons, may also be effected
by passing the same over an activated cop-
per sub-oxide prepared as aforesaid, as I
have found that the aforesaid copper sub-
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oxide converts or produces chemical changes
in the said gases.

In order that the said invention may be
clearly understood and readily carried into
effect the same will now be described more
fully with reference to the accompanying
drawing, in which,

Figure 1 illustrates diagrammatically the
distillation apparatus associated with means
for supplying thereto both carbonaceous ma-
terials and free formic acid. :

Figure 2 is a diagrammatic view illustrat-

ing a distillation apparatus associated with
a source of supply of carbonaceous materials
and carbonates of the alkaline metals, as
a supply of free formic acid.
Referring to the drawings, A is the dis-
tillation chamber; B is the source of supply
of carbonaceous materials and C 1is the
sotrce of supply of free formic acid. In
Figure 2, D is a source of supply of car-
bonaceous materials mixed with carbonates
of the alkaline metals.

‘What I claim and desire to secure by Let-
ters Patent of the United States is:—

1. A method of increasing the volume of
condensible hydrocarbons obtained by de-
structive or other forms of distillation,
which consists in admitting free formic acid
in vapour form into the interior of a dis-
tillation chamber containing the carbona-

ceous materials which are undergoing heat
treatment. : -

2. A method of increasing the volume of
condensible hydrocarbons obtained by de-
structive or other forms of distillation

‘which consists in admitting free formic acid

in vapour form into the interior of a distil-
lation chamber containing the carbonaceous
materials which are undergoing heat treat-
ment, carbonates of the alkaline metals being
admixed with the carbonaceous materials
prior to the admission of the formic acid
thereto.

3. A method of increasing the volume of
condensible hydrocarbons obtained by de-
structive or other forms  of distilﬁ\tion
which consists in admitting free formic acid
in vapour form into the interior of a distil-
lation chamber containing the carbonaceous
materials which are undergoing heat treat-
ment, sodium carbonate being admixed with
the carbonaceous materials prior to the ad-
mission of the formic acid thereto.

4. The process.of cracking or converting
liquid hydrocarbons which consists in heat-
ing the same in a suitable chamber until they
volatilize and in admitting free formic acid
to the said chamber in order to produce an
increased yield of the more readily liquefi-
able constituents of the hydrocarbons.

HARALD NIELSEN.
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