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To all whom it may concern. 
Beit known that I, Moos HEGHWAYGOUNY, 

a citizen of the United States, residing at 
Berkeley, in the county of Alameda, State 
of California, have invented a new and use 
ful Process of Making Formic Acid or its 
Compounds, of which the following is a specification. 
This invention relates to a process of mak 

... ling formic acid or its compounds from car 
bonic acid or its compounds and has as its 
objects the making of formic acid or its com 
pounds in a manner which is commercially 
available, and more economical and efficient 

15 than any heretofore known. 
My process embraces the reduction of car 

bonic acid by means of amalgams properly 
generated and used. 
I describe my process in connection with 

20 the accompanying drawing showing a form 
of apparatus wherein the amalgam desired. 
is made electrolytically in one chamber and 
used in another chamber. 
The drawing is a diagrammatic represen 

25tation of a double compartment cell wherein 
both the formation of the amalgam and its 
decomposition are carried out in a compact 
manner though still in separate chambers. 
t is intended to be illustrative only as it is 

30 obvious that the particular form of appa 
ratus is not an essential feature of the 
process. 
In the drawing, A indicates a suitable 

vessel, which may be made of any desirable 
35 non-conducting material, such as Wood, of 

cylindrical, rectangular or other suitable 
shape, here shown as cylindrical. 

Bindicates a layer of mercury completely 
covering the bottom of vessel A. 
C indicates a vessel conforming in shape 

with vessel A, open top and bottom, the 
bottom portion dipping into mercury B and 
reaching to nearly the bottom of vessel A. 
Wessel C may be supported in this position 

45 in any convenient manner. 

40 

D represents an electrolytic chamber CO- . 
stituted by the space between vessels A and 
C. Eindicates a purely chemical or reaction 
chamber within vessel C. Chambers D and 

50 E are separated and kept so separated from 
each other by the layer of mercury B, which 
acts as a seal, so that the Solutions in the 
two chambers cannot communicate with 
each other. 

55 F indicates a suitable insoluble anode, such 

as platinum, and G the cathode terminal, 
the mercury B acting as the cathode. 
H indicates a suitable stirrer, supported 

in any convenient manner, the function of 
which is to keep the solution to be reduced in a thorough state of agitation. 
I is a pipe for conveying a stream of car 

bonic acid gas to a series of distributers J, J, 
discharging beneath the surface and within 
the body of the liquid to be contained in 
chamber E. 
With a cell thus constituted, a suitable 

electrolyte, such as a strong solution of 
potassium hvdrate, is introduced into the 
electrolytic chamber D. E is substantially 
filled with water kept saturated with car 
bonic acid from the distributers J, J, or 
otherwise. As a direct current is made to 
flow from the anode F to cathode B, an 
amalgam will form in the mercury within 
the chamber D. By diffusion, assisted me 
chanically by stirrer H, or by rocking the 
cell, if necessary, this amalgam is caused 
to travel from chamber D to reaction cham 
ber E. Here the amalgam is rapidly at 
tacked by the water and by the free-acidic carboxyl groupings 

(-x) 
present in the solution, tending thereby to 
generate potassium hydrate and hydrogen. 
The potassium hydrate combines with the 
excess of carbonic acid present, forming 
bicarbonate, while the hydrogen, tending to 
be liberated, acts at once in that nascent 
state and under the conditions obtaining, upon the carboxyl grouping 

(-c(...) 
thereby converting or reducing the latter 
into the grouping 

of the formate molecule, in a very satisfac 
tory manner. During the process of this 
reduction the contents of the reaction cham 
ber are kept well stirred while simultane 
ously they are kept cool, if necessary, by 
means of a cooling device applied either ex 
ternally or internally, as may be most con 
venient, the object of the cooling being 
merely to keep the temperature of the re 
acting agents from rising much above 40° 

60 

35 

70 

75 

G 

85 

O 

5 

() 

s 

( 

  



centigrade throughout the operation of the 
reduction. 
When the current has passed for a suffi 

cient length of time and a sufficient quan 
tity of formate has thus been formed in the 
reaction chamber by means of the amalgam, 
the solution is withdrawn and may be fur 
ther worked up in order to recover the for 

10 
mate present in any suitable manner. I 
have discovered a novel method of accom 
plishing this, consisting in removing the ex 
cess of bicarbonate by concentrating the so 
lution until it becomes very strong in for 

5 

20 

mate, when the bicarbonates are precipi 
tated in consequence of the fact, which I 
have discovered, that in such stronger so 
lutions of formates such bicarbonates are 
practically insoluble. At this point the bi 
carbonate is filtered of while the filtrate 
may further be evaporated down in order to 
obtain the formate in crystallized or solid 
form, when it can be utilized for any de 
sired purpose; for instance, the formate may 

25 

30 

be decomposed by sulfuric acid, and the free 
formic acid liberated may be recovered by 
distillation in any suitable manner. 
In practice, instead of having recourse to 

such partial evaporation to remove the ex 
cess of bicarbonate contained in the fore 
going solution, the operation of reduction 
may be carried to such a point that the Solu 
tion in the reaction chamber becomes well 

35 

nigh Saturated with formate, in which case 
the bicarbonate precipitates in consequence 
of its insolubility under the conditions above 
mentioned. It is obvious that by having re 
rived at directly 
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course to such a means, a solution is ar which is substantially a 
pure saturated solution of a formate, which 
may be worked up further as desired. 
While I have illustrated my process in 

connection with the use of potassium hy 
drate, which I have found to be preferable, 
I do not limit myself to the use of that or 
any other compound of potassium, as the 
salts of other alkali and alkaline-earth 
metals, such as sodium, ammonium, calcium 
or magnesium, may be used. And where I 
use the term "alkali' in the claims, I in 
tend to include alkaline-earth metals as well 
as alkali metals. 
In order that the processillustrated by the 

foregoing may be the more successfully 
practised in the various forms which it may 
be desirable to give it to meet particular 
commercial conditions, I direct attention to 
certain special precautions or conditions 
which should be observed to secure the best 
results:-First: The amalgam employed 
should be applied in a dilute form, other 
wise the reduction is very uneconomical and 
unsatisfactory. Second: The amalgam of 
potassium I find to be preferable to others 
in many respects. Third: The solution to 
be reduced should at all times contain an ex 

tures being very satisfactory. 

1,185,028, 

cess of carbonic acid in order to insure the 
presence at all times of an excess of the 
acidic or free carboxyl grouping in the solu 
tion, otherwise no satisfactory production 
of formates will take place under these con 
ditions. Fourth: The temperature at which 
the reduction is carried out had best be kept 

70 

below 40 centigrade or so, room tempera 
Fifth: The 

Solution in the reduction chamber should be 
kept agitated during the reduction to pre 
vent loss of hydrogen which would other 
wise tend to evolve in a free condition, 
should the said carboxyl groupings be ab 
sent from the immediate vicinity of the re 
acting surfaces of the amalgam by local im 
poverishment of the solution. 

75 

80 

Among the important advantages of prac 
tising my process in the preferred form 
above described are:-First: By carrying 
on the reduction of the carbonic acid in a 
chamber separated from the electrolytic 
action, instead of directly in an electrolytic 
cell wherein the mercury would act as a 
cathode, I avoid the destructiveness of the 
current at the anode, which the use of such 
cells necessarily would involve (even if po 
rous diaphragms were introduced), to such 
an extent as to render that arrangement un Suited for practical manufacturing pur 
poses. Second: So, too, by employing amal 
gams formed electrolytically, I avoid the 
disadvantages which would necessarily be 
involved in using purely chemically pre 
pared amalgams, such as the further oxida 
tion products both of the mercury and the 
other metal employed, which would tend to 
diminish the efficiency of the hydrogen gen 
erated, and moreover this would involve 
cumbersomeness, lack of economy and un suitability to practical operation. , 
In order to obtain the most satisfactory 

results, the amalgam should be made elec 
trolytically and decomposed chemically in a 
chamber wherein electrolysis does not take 
place. 
What I claim is:- . 
1. A process of making formates compris 

ing the introduction of an alkali amalgam 
to an aqueous solution maintained supplied 
with free carbonic acid in excess. 
2. A process of making formates com 

prising the introduction of an electrolyti 
cally:formed alkali amalgam to an aqueous 
solution maintained supplied with free car 
bonic acid in excess. 
3. A process of making formates com 

prising the introduction of an electrolyti 
cally:formed alkali amalgam to an aqueous 
solution maintained supplied with free car 
bonic acid in excess and kept free from the 
amalgam-forming current. 

4. A process of making formates com 
prising the reduction of free carbonic acid 
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action of an electrolytically-formed alkali 
amalgam. 

5. A process of making formates com 
prising the reduction of free carbonic acid 
by means of hydrogen resulting from the 
action of an alkali amalgam formed...elec trolytically. 

6. A process of making potassium for 
mate comprising the reduction of free car 
bonic acid by means of hydrogen resulting 
from the action of potassium amalgam 
formed electrolytically. 

. A process of making formates, com 
prising producing electrolytically an alkali 
amalgam in the solution in one chamber, 
preserving said amalgam substantially in 
tact and transferring it to a solution com 
prising a hydrogen-containing substance 
and carbonic acid in another chamber, and 
decomposing said amalgam in said chamber 
and thereby reducing the carbonic acid 
therein. 

8. A process of making formates, com 
prising producing electrolytically a potas 
sium amalgam in the solution in one cham 
ber, preserving said amalgam substantially 
intact and transferring it to a solution com 
prising a hydrogen-containing substance 
and carbonic acid in another chamber, and 
decomposing said amalgam in said chamber 
and thereby reducing the carbonic acid 
therein. 

9. A process of making formates com 
prising the reduction of carbonic acid by 
the action of an alkali amalgam in dilute 
form. - 

10. A process of making formates com 

3. 

prising the reduction of a solution of car 
bonic acid by means of the action of an 
alkali amalgam generated electrolytically 
and continuing said reduction to such an 
extent that the solution becomes saturated 

40 

with formate and bicarbonate is precipi 
tated out. 

11. A process of making formates com 
prising the reduction of a solution of car 
bonic acid by means of the action of an 
alkali amalgam generated electrolytically 
and introduced into the solution containing 
the same, concentrating the resulting Solu 
tion and thereby precipitating out the bi 
carbonate. 

12. In the production of formates the 
process which comprises electrolyzing an 
aqueous solution of an alkali metal com 
pound with a mercury cathode and contact 
ing portions of metal-charged mercury from 
such cathode with another solution contain 
ing free carbonic acid. 

13. In the production of formates the 
process which comprise electrolyzing an 
aqueous solution containing a potassium 
compound with a mercury cathode and con 
tacting portions of metal-charged mercury 
from such cathode with another Solution 
containing free carbonic acid. 

in testimony whereof I have signed this 
specification in the presence of two Sub 
scribing witnesses. 

MOOSHEGH WAYGOUNY. 
Witnesses: 

K. G. LE ARD, 
LESTER H. JACOBs. 
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