£

. ELLIS & K. P. MoELROY.
PROCESS OF MAKING ALDEHYDES,
- | ~ APPLICATION FILED JULY 25, 1908, |
918,946, T Eatenﬁ;ed Ma,r 23, E%Q

3 BHBETS—-BI{EBT 1.

_ . _ . - - . - . . . N ]
S T AT PN AN R3¢

WHNESSES o - '  INVENTORS

7 ' - o & anks: T EQLA.@ |
Ay e w\o-zomT _
RSN TASYE €Q7 |

ATTORNEN




0. ELLIS & K. P. M¢ELROY.
PROCESS OF MAKING ALDEHYDES.
APPLIOATION FILED JULY 25, 1006,

Eﬁﬁgtﬁﬁg o . - _ Patented Mar. 23 1909

3 SHBETE—-SHEET 2,

L N ;
| W/mgssz_fs - _I . o Qﬂﬂmog:&w

ATTORNEYS ?



¢, ELLIS & X. P. M¢ELROY.
PROCESS OF MAKING ALDEHYDES.
APPLICATION FILED JULY 26,1008,

9186,94¢6. @ . [Patented Mar. 23, 1900,

3 BHEETB—SHEET 3.

WD 3.

*ﬁrfijfllffll/ |

?_ :

WITNESSES: o ' CINVENTORS
| o - Qmﬁ,m ‘E_QRU.-.»

| A‘TTORIVEVj’




10

15

20

DISTRICT OF -COLUMBIA.

PROCESS OF MAKING ALDEHYDES.,

HO '] ’9 1*6’ 946 *

To abl whom it may concern: -

. ‘ -

Plains, county of Westchester, and State of

New York, and in Washington, District of

Columbia, have invented certain new .and

useful Improvements in Processes of Making

Aldehydes; and we: hereby declare .the fol-

lowing to be a full, clear, and exact descrip-

tion of the same. |
‘This invention relates to processes of mak-

ing aldehydes and consists in a method of

synthesizing aldehydes by the pyrolytic

decompeosition of formates; all as more fully

hereinafter set forth and claimed. =

Tt has occasionally been stated that traces

of formaldehyde were sometimes, but not

always, formed in heating metallic formates,

but it has always been supposed that these

traces. .were, -so to speak, accidental or sec- |

~ondary products, the regular decomposition
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of -the .formates producing other produets;
some methyl alcohol at low temperatures
and amounts of oxalates approaching theory
at higher. ' | _
8 second-
ary decomposition of one or bot

admitted that even these traces of formal-
dehyde are formed. Several methods hawve

oxalate formation, but the methyl algohol
reaction is supposed to be too unproductive
for practical use, the leading research.in this

direction, that of Lieben & Paterno (Liebig’s
Annalen, 1873, page 293), having resulted

in the production of but 12 cc. of distillate
from the distillation of 170 grams. of calcium

formate. Of this distillate, only part was
1nethyl alcohol while formaldehyde was re-

corded as existing in faint traces.

49
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‘While the formation of oxalates by heating
formates to high temperatures has often _
been proposed, and has been.commercially | somewhat lower temperature. The use of 100

utilized to some extent, none of the numer-
ous-experimenters in this line has ever noted
the formation of formaldehyde. It scems

to be the accepted opinion in the art that

heating formates-to comparatively-low tem-
)Efmtures produces only carbonates, CO and

H, while sudden heating to relatively high

 temperatures produces oxalate, together

55 late ‘being .sometimes obtained which -ap- | By sweeping a current of gases over the 110

with more or less ¢arbonate, yields of, oxa-

_bBe 1t-known that we, CARLETON ;ELLIS and
Kanin P. MoELroy, citizens of the United
States, residing, respectively, in White

It has been surmised that some
formaldehyde might be formedbis: _
- 1-these de-
~ composition products but it is not genera]l g
30 '

‘been proposed and are in use for utilizing the |

| proach theoretical results. " These impres-

sions regarding .the pyrolytic decomposition

-of the metallic formates are, however, incor-

rect. Formates, under proper conditions,
break up quite regularly into formaldehyde
and a carbonate of the base of the formate.

- UNITED STATES PATENT OFFICE.

CARLETON ELLIS, OF WHI'I‘E PLAINS, NEW YORK, AND KARL P, McELROY, OF '.WASH;INGTQN, L

- Specifio ation of Lett'e__rq ;E’_afent._ - --;Pa;tgntp_d‘ ﬁ_a,_m]iag;, 1909 B
* Application filed July 25, 1806. Serial No. 327,647, - -

60

But formaldehyde is quite sensitive to heat

-and at a temperature not much above that
‘necessary to perform this reaction, and un-

der some conditions even at temperatures

| below the same, it readily decomposes into
carbon monoxid and hydrogen. any
formates, this range of temperature is about

With many

or around 360° C. This decomf)osition eX-
lains the usual and accepted results of

alcohol and the formation of oxalates at low
and high temperatures, respoctively. At
the lower range of temperatures, the hydro-
gen from a decomposing molecule of formal-

dehyde tends to unite with another molecule
of formaldehyde to form the more stable

molecule of .methyl alcohol. At a higher
range of temperatures, on the other hand,
oxalates form a stable phase and the carbon

-monoxid resulting from a molecule of ;de-
composing formaldehyde unites with a-
molecule of carbonate to form oxalate. In
other words, the reactions are the reverse

of those sometimes assumed, formaldehyde

-being a primary and not a sccondary product.

i the temperature of the pyrolysis of

while below that at which a substantial
decomposition takes place, the yields can
be made productive.
these-two polrits is, however, under ordinary

conditions rather narrow, but it may be
increased by the use of several expedients.

One is the use of vacuum which, under the
ordinary laws of such reactious, tends to
facilitate the evolution of gaseous products;
t. -e., causes the formate to break up at

a neutral gas current has the same effect,
each gas, as the ordinary statement is,
acting like a vacuum to every other gas in
some respeets. This gas current in properly
arranged apparatus has a number of other

mmportant advantages, and it is therefore

preferable to the vacuum per se. The two

may of course be combined in a mensure by

using a current under reduced pressure.

ormate pyrolysis, the formation of methyl

The margin between
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formates -be held at an exact point, that
Just high enough to form formaldehyde
90

95

105



& 215,046

Llecomposing" form&te and removing the
formaldehyde as fast as formed and aft
the point of formation, the evolution is not,

‘only facilitated and a lower evolution

|

15

temperature secured, but also the formalde-
hyde may be instantly removed from the
place of formation and the influence of heat,

and given no time to decompose. Any gas

or mixture of gases and vapors will serve
for this purpose as long as it is not oxidizing
and does mnot injure the formaldehyde
chemically. Steam is particularly advan-
tageous as a component in the gas mixture
since 1t has a specific catalytic effect in
promoting the decomposition of the formate,
and 1t 1s desirable to use some steam in any

- gas mixture which may be employed. It is
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pertectly suitable as a sole constituent but
i such. cases has the disadvantage that if
the formaldehyde is removed by conden-

sation, an unnecessary dilution results.

Preferably advantage is taken of the
laws of partial pressures in producing a cas
current and a gas mixture formed which
has a specific retarding action upon the
decomposition of formaldehyde. Since its
decomposition products are carbon monoxid
and hydrogen, by using a gas mixture
which contains those bodies, or either of
them, a ““back pressure’ is produced which
tends to retard the formation of more
hydrogen and monoxid; or, in other words,
retards the decomposition of formaldehyde.
Such a mixture can be made directly by
mixing the required gases, or by the use of

~water gas or of producer gas made by a

~draft -current containing no steam. The

4.0
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latter gas, being hydrogen free has some
advantages. Its CO component tends to
restrain the formaldehyde decomposition as
well as would a mixture of CO and H, while
the absence of H restrains the secondary
decomposition into methyl aleochol above
described. For practical reasons, it is in
general (})re_zferable to operate the distillation
1n closed circuit, sweeping the gas mass over
the decomposing formate to take up evolved
tormaldehyde, thence directing it through a
washing apparatus or a condenser to remove
formaldehyde and returning the gases to
serve anew. In this manner of operation
it 1s possible to use a directly produced
mixture of carbon monoxid and hydrogen,
or carbon monoxid alone, for the circulating
current; the more so as some inevitable de-
composition of the formaldehyde will tend
to compensate for slight losses. In starting
the reaction, the temperature may indeed
be purposeiy pushed high enough to cause
this decomposition and produce the requi-
site amount of gas for the circulating cur-
rent. An atmosphere made in this manner

“consisting solely of hydrogen and monoxid,

18 very efficient for the described purpose.

should ordinarily be mixed more or less
water vapor prior to its contact with the
formate, hoth for the purpose of gaining its
advantageous influence upon the decompo-
sition, and also for that of forming a solvent

' for the formaldehyde upon co-condensation
. by cooling. = In the presence of a modicum

of water vapor, the gases drawn off from
the formate decomposition may be simply
passed through an ordinary condenser,
when the formaldehyde and water will con-
dense out to form the commercial water
solution. If water be not used as a com-
ponent of the circulating gas mass, this
latter must ordinarily be washed in water
to remove the formaldehyde. Other re-
moving means may however be adopted.

» W1ith some formates and under some cir-
cunmstances, 1t is desirable to have a little
methyl alcohol vapor in the circulating gas
mass to have the advantage of its back pres-
sure in restraining the formation of more.
However, under such circumstances, the re-
action 1tself generally furnishes the required
traces; ¢. e. is automatically self-checking in
this regard.

It 1s obvious that working upon the closed
system described and returning the gas mass
over and over again, the reaction is also self-
checking with respect to the evolution of car-
bon monoxid and hydrogen, even when one
or both of these gases is not, as 1s preferable,
used for producing the circulating gas mass.
The reaction can however be carried out by
continuously supplied fresh masses of gas or
vapor, but except in regard to the use ol
steam, hereinafter described, this is gener-
ally not advantageous. Speecial means and
methods are also to be used for producing the
very exact temperature conditions required.
This may be done by traversing the formates
in a thin layer or filin over a heated surface
of the required temperature. The surface
may be differentially ]llen,ted and the formates
advanced from the cooler portions to the
hotter. If the cooler portion be too cool and
the hotter portion too hot, 1t is clear that
there must be an intermediate point which
the traveling layer will cross where the tem-
perature 1s exactly that necessary. At this
point the formaldehyde forming . reaction
proceeds smoothly and the vapors of the for-
maldehyde rising from the decomposing salt
may be at once swept off and removed {rom
the heated zone by the described gas current,
preterably either crossing the traveling filn
transversely or flowing in an opposite direc-
tion so that the formsﬁdehyde 1s Instantane-
ously removed into a cooler region. ow-
ever, the method of circulation may be ar-
ranged as desired so long as the formalde-
hyde is removed at the imstant of formation
and from the place of formation and trans-
mitted into a cooler zone. There are how-
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temperature conditions necessary. In all
cases however when using heat transmitted
throuch the walls of a containing vessel it 1s
desiriﬁ_)le to treat the formate in films, layers
or other divided form, each such film or layer
being allowed to remain in contact with a
heated surface of the correct temperature for

the correct time and then removed, it being

difficult to heat powders uniformly in mass,
their conductivity being low. This is prob-

“ably one reason for the failure of Lieben &

15

20
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Paterno to produce formaldehyde, their for--
mates having been heated in U-tubes 1n mass.

When formates are to be treated in mass, it
is preferable to convey the heat to them by
heating the circulating gas
and not rely on heat conduction through the
walls of a containing vessel. L
Any formate not containing a readily re-
ducible metal may be used in the foregoing
process, but it is preferable to use those ot the
stronger bases, such as sodium, potassium,
barium, calcium, strontium, zinc, lead or
magnesium. Because of their fusibility and
their production of less fusible carbonates in

 the reaction, it is difficult to handle the for-

~ {ilms, though they are otherwise suitable,

mates.of sodium and potassium in travelng

and other means must generally be adopted.
Formates of calcium, barmum, strontium,

magnesium and zine are less fusible and

30
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therefore better adaﬁted to film work. As
formate of zinc breaks down into a basic 1n

lieu of a normal carbonate it yields more or

less carbon dioxid to mix with the circulating
oas mass. As particularly adapted are re-
carded the caleium and magnesium salts be-
cause the low atomic weight of the contained

‘metal lessens the total mass of material to be-

heated and because of their suitable char-

acteristics physically. The barium “and

“strontium salts however, though of some-

“what greater molecular weight give very

- smooth reaction; especially the barium salt.

49

formate may be and is regenerated, the cost.
of'tlg_e particular metal used to form the for-
“mate is not material.

50

As in the preferred form of this process the

rium formate will be generally stated as the
raw material, to save repetitions, 1t bemg un-

derstood that the method is equally applica-

ble to other formates. B
"The formaldehyde reaction converts the

~ formate into a carbonate which can be.read-

55

ily re-converted into a formate for treatment.
- anew, and by synthetically producing the

formate, the formaldehyde manufacture may
- be arranged to work in a closed system, no
raw materials being used but coal and water,

60

and nothing leaving the system but formalde~

hyde, the base of the formate being used over
and over again.
described. .-

“Formates may be readily prepared by

Or Vapor Mmass

Hereinafter the ba- |

Such a system will now be

monoxid and water under highheat and

pressure. A steam and gas pressure equal
to that of water at 300° C.is suitable in many
instances.

producer, but as it is desirable that the gas
issuing should be rich in monoxid and as free

| The carbon monoxid required
| may be readily produced in the ordinary gas

8

70

‘as possible from carbon dioxid and hydro-

gen, both undesirable in the formate produc-
tion, the producer is preferably run at a low
‘temperature plane by the use of a balanced

of combustion containing the same, mixed

| with air. Air in contact with ignited fuel

of course reacts with evolution of heat while

draft current of carbon dioxid, or products.

75

80

carbon dioxid reacts with absorption of
heat, its reduction to monoxid by hot carbon

| being endothermic. By balancing the ‘pro-

portions of the two in the draft current the
‘temperature plane in the producer obviously

may be kept at any desired point. Simce the

89

absorption-of carbon monoxid in the formate

digester in treating carbonates gives rise to
the production of carbon dioxid, the waste
cases from such a digester form a very suit-
able source of the dioxid component of such
a balanced draft current. It is further desir-
‘able to use this waste gas in this manner for

the reason that thereby any unabsorbed

-monoxid may be utilized, going through the
producer unchanged for subsequent use.
This results in an important saving of fuel
and further permits high partial pressures
of carbon monoxid to be maintained in the
formate digester without waste. .
In the accompanying, more or less dia-

grammatic drawings, are shown several
| types of apparatus of the many adapted to

|-

perform the described process. o
| * In this illustration: Figure 1 is a view,

90
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| partly in elevation -and partly in vertical

section, of a complete apparatus adapted
to work in closed sytem in the manner: de-
seribed; Fig. 2 is a similar view of a mod ified
apparatus; and Fig. 3is a view of a modified
part of the system. -

In Fig. 1, element 1 is a gas producer pro-
vided with the usual feed hopper 2. Draft
| current is supplied through twyer 3 and

furnished by fan 4, provided with inlet pipe

5. On this pipe is a valved air inlet 6. An-

110

11%

other valved pipe 7 is connected to with-

draw products of combustion from the for-
maldehyde furnace. Pipe 5 further com-
municates with the formate digester 8 at a
‘point near the top thereof. The formate

| digester is provided with a sealed-lock inlet

0, with a hopper 10 thereabove. A valved

qualizing pipe 11 enables pressure in the m-
let and the digester to be equalized in mtro-

12

126

ducing material. Gas from the ‘producer is

withdrawn through gas pipe 12 and scrubber
12¢ by means of an ordinary high-pressare

| _ pump- 13 and. introduced into the digester
digestion of metallic carbonates with carbon | through pipe 14, provided with valve 15. 130

L+
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Near its bottom the digester is provided with |

a-sand gate 16 for cleaning. Steam pipes
162 furnish heat. Formate solution is with-
drawn from time to time through valved pipe
17 and concentrated to crystallization in
vacuum pan 18, provided with gated outlet
Open evaporators may of course be

~used. The crystallized formate is dropped

10

into crystal well 20, whence it is withdrawn
by conveyer mechanism21 and dropped into
the feed hopper 22 of the formaldehyde

| ‘generator 23. This generator 23 consists

15

essentially of a closed chamber having a
heated metal bottom 24 over which travels
the conveyer device 25. The sides and top

‘of this chamber are not heated, so that the

. maximum temperature therein is next the

20

heated metal

ottom. This advances the
formate from the hopper forward over the
hot bottom, converting it into carbonate and

- drops the carbonate into the well 26, whence

29

-30

~and the condensed formaldehyde removed
- through outlet 32.

1t gains access through the locked hopper to
the formate apparatus for reconversion into
formate. Pipe 27 furnishes water for the

formate apparatus and incidentally some

water vapor arising from the wetting of the

hot . carbonates, to the formaldehyde ap-

paratus above. (Gases are withdrawn from
the formaldehyde apparatus by pipe 28,
provided with thermometer 282 and fan 29,
passed through condenser 30 to seal pot 31

Valved pipe 322 serves

. to adjust pressures in the system and may be

35

40

45
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-1t may also derive such products of combus-

60

1t a1t

attached to a suitable pump (not shown).
From the seal 111)0t,, the gases, now stripped of

their formaldehyde, pass by means of pipe 33,
valved at 34, back into the formaldehyde
apparatus to serve anew. Pipe 35 serves
to add aqueous vapor. Heat for the for-
maldehyde. apparatus is furnished by a pro-
ducer gas flame burning in flue 36 below the
metal bottom and supplied by valved pipe 37
communicating with the gas conduit of the
producer. A valved branch 37® serves to
feed producer gas to the circulating gas mass,
ge desired. |
In this apparatus it will be seen that the
same quantity of base, baryta for instance,
serves repeatedly, being converted into for-
mate solution in 8, into crystallized formate
in 18, into carbonate in 23, and once more
converted into formate solution in 8. ' The
roducer furnishes carbon monoxid to the
ormate digester, and in turn receives carbon
dioxid from it, together with whatever mo-
noxid may be unused, and it further serves to
heat the formaldehyde furnace, from which

tion as may be needed for the draft current.

In the digester, under the high pressure and

at the high temperature, carbon monoxid
assimilates a molecule of water and becomes
formic acid which converts the carbonate

656 into formate, with evolution of carbon di-

616,948

oxid. In the formaldehyde apparatus, the
crystallized formate, which may still be »
trifle moist on entry without inconvenience,
passes forward over the hot bottom in the
opposite direction to the gas flame under-
neath and becomes increasingly hotter until
it reaches a temperature at which formalde-
hyde is smoothly evolved, into the cooler
space above such bottom. The generated

formaldehyde is at once removed from the

heated zone by the rapidly circulating gas
mass and passes off for condensation through
pipe 28, the gas mass, stripped of its for-
maldehyde, being returned through 33.

In the digester the producer gas entering
through the nozzle of pipe 14 keeps the liquid
agitated and the carbonate in suspension,
much facilitating the reaction. As the liquid
becomes enriched in dissolved formate and
the reaction slows, the introduction of gas is
stopped and the carbonate allowed to settle,
whereupon the clear solution is drawn off

above for evaperation and a fresh supply of

carbonate and water introduced. The car-

bonate from the formaldehyde generator

being in a state of extremely fine subdivi-
sion, when using barium, strontium and cal-

70

70

80

85

00

clum salts, is eminently suitable for use in

the digester, being readily attacked and con-

verted into formate. In this form of appa-
‘ratus, the use of insoluble metallic carbon-

ates 1s preferable to that of such soluble car-
bonates as potassium and sodium for a num-
ber of reasons. The formate solution may
be drawn off comparatively pure without ac-
companying carbonates
system and derange the working; and the
formates do not fuse on the hot bottom of
the formaldehyde apparatus. However, the
soluble carbonates may be here used.
~In the apparatus of Fig. 2, a less complete
structure 1s shown which is however better
adapted to deal with formates -generally.
This apparatus is not cyclical, ang the for-
mates are made elsewhere, and delivered to
1t ready made. In this view, 40 is a gas pro-
ducer, provided with cooler 41, scrubber 42
and gas filter 43. From the filter leads a

| two-way pipe connection, 44 being adapted

to deliver a modicum of gas to the formalde-

hyde apparatus, and 45 squl¥ing &1 aﬁ jet
1¢ formaldehyde

for heating the same. T
apparatus includes a rotating cylinder 46 in-
ternally heated by the gas jet to the tem-
perature required. The cylinder forms part
of one wall of a formaldehyde chamber 47,

the other walls being formed by a hood 48, a
per wall 49, a doctor or scraper member |

ho

50pa_,nd a depending wall 51 below the same.
These other walls are not heated. Down-
wardly from the chamber depends a leg 52
ending 1n a water seal, for the removal of
waste carbonates. Hopper 53 serves for in-
troduction of formates and the pivoted blade

| 54 serves to control the feed of the same.

f
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to pass through the
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The formates are introduced, spread into a

thin layer on the hot rotating drum, con-
verted 1nto carbonate and the carbonate re-
“moved by the doctor and depending leg.
The formaldehyde produced, together with

the circulating gas mass, are drawn off from

‘the chamber by means of pipe 55, fan 56 and

- %ipe 57 and sent into a scrubbing device 58.

10
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A water spray may be given by vipe 60.

The gas mass leaves by pipe 61, provided |
with valved outlet 62 for regulating pressure,

and returns to the formaldehyde chamber to

. serve anew. A modicum of water vapor

may be added from the initial gas cooler by

means of valved pipe 63. The rotating |
- drum may easily be kept at exact tempera-

ture by the gas jet, and the fusibility of the

alkaline formates is here 1mmaterial, since

the doctor or scraper serves to keep the
drum surface clean. The functions of the
circulating gas mass are the same as in
Fig. 1. S _ -

In F 1z. 3 1s shown a structure particularly

adapted for use with the alkaline formates. |

Vessel 71, built something like a converter,

1s provided with lugs 72, on which it may be.
~supported and swung 1n emptying. Cover |

73 1s secured 1n place by clamping members
74. Vapor pipe 75, with valve 76, passes

“through this cover and ends in bell 77. Pipe
78, provided with condenser 79, removes

vapors and gases and delivers its condensate

“through 80. Thermometer 81 serves in con-
trolling the temperature. . o
- In using this apparatus, the inelted for-
~mate of sodium, or of potassium, or of both |
admixed, 1s introduced into the vessel and a
superheated gas mass, as, for instance, pro-

ducer gas and steam, or steam alone, is

version is complete. The formaldehyde is
diluted by, and carried away with, the gas
mass as fast as formed. Upon taking away

the cover, the resulting carbonates may be

removed. This apparatus, 1t will be noted

‘operates discontinuously in lieu of continu-

ously like those in Figs. 1 and 2.

50
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Other aldehydes than formaldehyde may

be made by nmuxing an appropriate salt of |

another organic acid with a formate; ben-
zaldehyde for instance by mixing and pyro-

lytically treating molecular proportions of |

barium benzoate and formate; acetaldehyde
from acetate and formate; etc. In treating

such 'mixtures in the closed cycle operation
because of the accumulation of base, only

part of the carbonate from the aldehyde ap-
paratus should beintroduced into the formate

digester, the remaining part being used to |

forin the salt of the other acid. S

Formation of aldehydes by pyrolysis of a
mixture of a salt of another acid with a for-
mate while not in itself new does not ordi-

66 narily give very productive yields. It may

ondensates are removed by valved pipe 59.-

‘the point where it is exposed to heat and

however he performed by the _._i?esent._

method very advantageously since the cir-
culating gas mass and the regulated heat

operatein the case of such a mixture with the
same beneficial effect as with the formates 70

alone. _
- Of the many aldehydes which may be

formed 1n this way are those of the fatty
| series from acetaldehyde up to the waxy
{ higher aldehydes, and those of the aromatie 75
-series. In-&fl cases, molecular weights of the

formate and of a salt of an acid whose alde-
hyde is to be formed are mixed together and

-submitted to pyrolysis in a gas mass of the

character described. When operating in 8o

closed cycle, a part of the resulting carbon-
ate is returned to the digester to be re-con-

verted into formate.

To recapitulate, the present method com-

prises forming aldehydes by the (f)yrolysis of 85 |

formates, either alone or admixed with other
salts, by a regulated heat in the presence of
circulating or streaming gas atmospheres
carrying the aldehyde away from the point

of formation as fast as formed and of such 90

character as to restrain the decomposition of

formaldehyde; such gas atmosphere prefer-

ably containing carbon monoxid and some
water vapor. Any formate not containing

those derived from bases forming insoluble

‘a readily reducible metal is applicable, but g5

carbonates are Yreferred; and with these

latter formates, the production of formalde-

hyde is preferably combined with the re-
generation of the formates m a continuous 100

cycle.

What we claim 1s:

1. The process of Il]&kil}g formaldehyde

which consists in decomposing a formate by

‘ regulated heat in the presence of a stream of
blown through until the formaidehyde con- |

eas of regulated composition passing over
sald formate at the point where the for-
maldehyde 1s evolved and sweeping such for-
maldehyde away from such point.

2. The proecess of making formaldehyde
which consists in decomposing a formate by

| a low and regulated heat and removing the

formaldehyde from the point of formation to
a cooler point as fast as formed. _

3. The process of making aldehydes which
consists in exposing & body of metallic salts
comprising a formate to a low and regulated
heat in the presence of a streamn of gas of regu~
lated composition passing over said body at

where aldehyde is formed and by such gas
stream removing the aldehyde from the 1n-

fluence of the heat as fast as formed.

105
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4. The process of making aldehydes which

consists in continuously moving a thin trav-

125

eling layer of material comprising a metallic

formate over a heated surface and recover-

| ing the aldehyde produced.

5. The process of rfiaking formaldehyde

which consists In continuously moving a

130
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~which consists in continuously moving

S

- -

surface and recovering the formaldehyde pro-
duced. | | -

6. The process of making formaldehyde
which consists in continuously moving a
metallic formate in a thin traveling layer over
a heated surface of progressively increasing
temperature, and removing the formalde-

metallic formate in a thin layer over a heateid

“hyde from the point of formation. |
7. The process of making aldehydes which

consists 1n continuously moving & body of

metallic salts comptising a metallic formate

1n a thin layer through a heated zone of tem-
perature sufficient to form such aldehyde and

removing sald aldehyde to a cooler zone us

fast as formed..

8. The process’ of making formaldehyde
2
metallic formate in a thin layer through »
heated zone of temperature sufficient to
evolve formaldehyde, and removing the for-
maldehyde to a cooler zone as fast as formed.

9. The process of making aldehydes which
consists 1n decomposirg a body of metallic
salts comprising a metallic formate by heat
In & streaming atmosphere containing sub-

stances that are formed in the pyrolytic de- |

composition of formaldehyde, transmitting

formation of the aldehyde and sweeping away
the aldehyde from such point as fast as
formed. +

10. The process of making formaldehyde
which consists in decomposing ametallic for-
mate by heat in a streaming atmosphere con-
taining substances formed in the pyrolytic
decomposition of formaldehyde, transmitting
such streaming atmosphere past the point of
formation of t%e formaldehyde and sweeping
away the formaldehyde from such point as
fast as formed. '

11. Theprocess of making aldehydeswhich

~consists In decomposing a body of metallic

salts comprising a metallic formate by heat in

‘an atmosphere containing carbon monoxid,

and withdrawing the aldehyde from the in-
fluence of the heat as fast as formed.

12. The process of making formaldehyde
which consists in decomposing a inetallic for-
mate by heat m an atmosphere containing
carbon monoxid and withdrawing the for-
maldehyde from the influence of the heat as
fast as formed. ' _

13. Theprocessof making aldechydes which
consists in decomposing a body of metallic
salts comprising a metallic formate by heat,
removing evolved vapors from the influence

ol the heat by a circulating gas mass as fast

60
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as formed, removing the aldehyde from such
gas mass, and returning the gas mass for use
with a fresh body of salts.

14. The process of making formaldehyde
which consists in decopmposing a metallic for-
mate by heat, removing evolved formalde-
hyde from the influence of the heat by a cir-

*

such streaming atmosphere past the point of |

- which comprises decomposing &

915,946

culating gas mass as fast as formed, remov-
mg the formaldehyde from such gas mass,
and returning the gas mass for use with a
fresh body of formate.

15. The process of making aldehydes which
consists in decomposing a hody of metallic
salts comprisitg a metallic formate by heat
i a moistened gas mass containing carbon

MoitoxXld, removing the gas mass, removing

the aldehyde therefron, and returning the gas
mass for use with a fresh body of salts.

- 16. The process of making formaldehyde
which consists in decomposing a metallic for-
mate by heat in n moistened gas mass con-
telming carbon monoxid, removing the gas
mass, removing the formaldehyde therefrom
and returning the ges mass for use with
fresh formates.

17. The process of making aldehydes which
comprises decomposing a body of metallic
salts comprising a metallic formate by heat
1 & moist atmosphere containing carbon mo-
noxid. |

18. The process of making formaldehyde
| metallic
formate by heat in a moist atmosphere con-
taining carbon monoxid. .

19. The process.of making formaldehyde
which consists In converting carbon into pro-
ducer gas, causing the producer gas to act
upon a metallic carbonate under heat and
pressure to form a formate, pyrolytically de-
composing the formate into formaldehyde
and carbonate and returning the carbonate
to form fresh formate.

20. The process of making formaldebvde
which consists In continuously converting

‘the same portion of a base alternately into

formate and carbonate, with evolution of
formaldehyde in the latter reaction.

21. The process of making formaldehyde
which consists in converting a base into for-
mate by treatment with producer gas and
water under heat and pressure, conveving
the formate into a heated zone of formalde-
hyde-evolving temperature, and re-convert-
ing the producer carbonate into formate for
re-treatment i said zone, whereby the same

- portion of said base serves for repeated use.

22. The process of making formaldehvde
which consists in converting a portion of a
base mto a formate by treating said base
with carbon monoxid and water In a digester
under heat and pressure, conveying said for-
mate into heated zone for pyrolysis into for-

| maldehyde and carbonate, and returning the

arbonate to the digester for reconversion

- mmto formate, thereby causing said portion of

base to travel contimuously in closed evele
through said digester and heated zoune.
23. The process of producing formalde-

~hyde which consjsts in operating a gas

NO-
ducer with & mingled draft of air and cm'h)m:
dioxtd, foreing the gas produced into a heated
cigester contaimning a metallic earbonate and
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 water and returning the treated gases from

st
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the digester t0 serve as a compounent of the !

draft current, removing the lormate pro-
duced in this ireatment, converiing it wmto
formaldehyde and a carbonate, and return-

~ ing the carbonate to the digester.

24, The process of making formaldehyde

‘which consists in forming a formate by the
‘action of carbon monoxid and water upen &
basic body under heat and pressure, remov-.
ing said formate, evaporating the excess ol
water from the formate, heating the formete |

to evolved formaldehyde and form a carbon-

~ ate, and reusing the carbonate to form fresi
formsate. | |

- 25. The process of making aldehydes which

consiste in placing & thin film or layer of o |
body of metallic salts comprising a formate |

!
{
!

|

:
]
|

f

_ upm a, heated surface maintained at & temmn- |
perature suited for evolving an aldehyde 20

from such body, allowing the film or layer {o
remain in contact with such surface until the

aldehyde 1s evoived, removing the carbonate

vroduced and replacing it by a fresh film or
ayer of such body. | -

~In testimony whereof we affix cur signa-

tures in the presence of witnesses.

' - CARLETON ELLIS.
_ _ "KARL P. McELROY.
Witnesses for Bilis: - - -
- GoorrEY M. 5. Tarr,

- Harry B, CHALMERS.
Witnesses for McHEiroy:
- C.W. FowLER,
H. M. MarsLE.,
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