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Process for Effecting Chemicai Reaction inrrthe_Int‘erioif of_C_‘bmpréssors. o

I, MaRrkUs Brurzrus, Engineer, of 6,

rue Beloy, Paris, France, & Russian sub-

ject, do hereby declare the nature of this
invention and- in what manner the same
is to be performed, to be particularly
described and ascertained in - and by the
following- statement :— T

It is well known to carry out chemical
reactions by heating the reacting sub-

stances by compression in the interior of
compressors or internal = combustion
engines. ' '

The employment of compressors for
effecting chemical reactions "is, however,
of still greater importance from the stand-
point of the laws of equilibria of the
chemical reacting substances. The pis-
ton mechanism permits of effecting varia-
tions in volume and temperature which

correspond to the. needed volume  and -

temperature - variation. of the substances

during the reaction under consideration.

Employing compressors, it is possible -by
the aid of these adjustments favourably
to promote chemical reactions.

According to  the invention chemical
reactions are carried out in compressors
as follows— e

‘All or a portion of the co-operating
substances are- adapted to be placed .into
a compressor and brought to & pressure
and - temperature condition (it may be a
vacuum and low temperature), which is
suitable for the reaction in view.:
quantity of substances used must- be so

chosen according to the law of masses of

the chemical resction that the highest
possible yield can be obtained. As the
reaction must be carried out in a short
time, the highest- possible temperature of
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COMPLETE VSPECIFICATI_ON.' -

the reaction in view will be chosen as the
temperature condition. - After  reaching
the necessary pressure -and -temperature
condition the_reaction -either -starts auto-
matically or is initiated by the addition
of the substances previously omitted, or
by a physical agency such as catalysts,
electric arcs, sparks -and other discharges,
and ultra-violet light. - -

- When' the reaction_fakes -place the _pis—: '

ton may carry oub such a movement that
the volume of the substances is increased

or reduced dccording as to whether the

number of molecules -is -increased - or
reduced .by the reaction. -During the
proceduie - of - the chemical reaction the

pressure musb be kept as uniform as pos-

sible. This also applies bo reactions
wherein the number of molecules
remains - the same. - The temperature

must ‘also remain constant irrespective of

-the release or combination of heat. - The

pressure line during the chemical opera-
tion must be as near as possible isobaric

and at the -same- time the temperature.

line isothermic. In any-case the. volume
of the enclosed reacting substances may
increase, but the pressure must not
increase in reactions where the number of

molecules increases but in reactions where
the number .of molecules decre:ses - the-

volume may be reduced, but the pressure
must not decrease.
reactions the temperature must not rise,

in endothermic reactions the temperature

must not fall.

In . carrying out
desired constancy of pressure can be deter-
mined by means of the usual indicator
diagram ; end from this the complemen-

Also in exothermic-

‘the invention the:
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the fulfilment of these conditions :-%

be .
amount of heat should be added to or -

tary temperature diagram can be derii’ré;d
by calculation. ' A~
The following means should serve-for

i

1. A suitable choice of the direction of
the piston during the reaction. '

2. The gradual introduction of one or
more reacting substances into the reaction
chamber. - Lo F

3. And finally, should these two means
insufficient, then a corfesponding

removed from the reacting .substances
during “the. reaction. . - -

The process will be carried  out differ-
ently according to the nafure.of tha reac-
tion in question. T

In this respect all chemigal - reactions
may be divided into six groups: T
GROUP :- EXOTHERMIC REACTIONS

= WITH INCREASE IN THE ' NUMBER OF
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-reagtion is - -started.

% .. .. =~ -MOLECULES. “._ I
These reactions must be carried - out
during- the expansion stroke. -

The négessary quantity. of- substances
are compressed - bo the -most favourable
temperatures and. - pressure -condition” for
carrying out. the reaction during the com-
pression_stroke,* A short time bafore the
piston commences. itg-reburn - stroke the
i rted. - The igerease -in
voluyme in proportion. to\the increage in
the number of mole,e'uless\an@ the con-
version -of the heat sef free into work will
tend “to maintain the-constangy of tem.
perature .and  pressure requited. The
quantity - of ‘the. Teacting substances

~,

~and- the speed of the piston must be so

chosen that the pressure line approximates
Yo isobaric and the temperature line to
isothermic, so that in any case an increase

in pressure and temperature will o -

_After the termimation of the reaction

-the produsts-can-be still further expanded,

50. as-to be removed: from the apparatyus
in the usual way. = - T

2§D: GROUP: EXOTHERMIC REACTIONS
WITH A CONSTANT NUMBER OF MOLECULES,
- The same™process as for Group I may
be_ used for <this group of reactions.”
During the outward movement of the pis-

"~ ton the heat set free is converted into-

55
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work. - No increase in temperature must
take place as this would affect the favour-

able course of the reaction. .

38D GROUP: FXOTHERMIC REACTIONS

WITH A REDUCTION' IN THE NUMBER OF
-- '~ MOLECULES.

- These reactions must be carried out dur-

_4TH GROUP:

ing the compression stroke.and the heat
which is formed by the compression-after

“the reaction has started and the heat,

which is set free by the reaction, must be
carried away.

The necessary quantities of substances
are compressed and th> reaction must be
starbed during the compression, stroke.
The heat produced by the further com-
pression and the heat set free must he eon-
ducted away in. any suitable manner,
The products obtained can be removed
when the piston is in its innermost posi-
tion or better they. may be utilised to
inerease the efficiency at the expansion
stroke, as in such reactions a retardation
of the reaction is hardly to be expected.

ENDOTHERMIC REACTIONS
WITH A REDUCTION IN THE NUMBER OF
MOLECULES, .

These reactions must be carried out
during the compression stroke. :
- “The substances must be compressed to
the necessary temperature and pressure
condition, then the action must be started
whilst still-in the gompression stroke. A
reduetion in temperature in these  reac-
tions is not permissible.  If the heat pro-
duced by the compression should not be
sufficiently  evident the substances must
be heated by-other means.” The products
obtained can be removed when the piston
is in its innermost position or when a
retardation of the reaction is not to be
feared it can be used for obtaining work
during the expansion stroke. =~ -
_5TE GROUP : ENDOTHERMIC REACTIONS
WITH A' CONSTANT NUMBER OF MOLECULES.
- These reactions must be carried out dur~
ing ‘the compression stroke similar to .the
reactions of Group 4 and a reduction in

- bemperature must not take place during

“the operation.

6rH GrOUP: ENDOTHERMIC REACTIONS
WITH AN INCREASE IN THE NUMBER OF
- - MOLECULES. _

_ These reactions must be carried out

during the expansion stroke. . The- heat
which is necessary to meet the consump-
tion_of heat of the reaction and the heat

-converted. into work must be supplied to
_the substang

in any manner during.the

-course of the reaction. - A reduction in-
must ‘not take place in these

temperature
reactions. ) ) . -
The substances introduced in the neces-
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-~ “gen and hydrogen in the stochiometrical

" ing,  hydrogenations, -
oxidafions,” and- double decompositions. -

the turning p oint of the;n;ton the Teac- -

tion is started, Sueh a quantity of heat
is then added te the substances in any
guitable manner during the reaction so
that: the conditions as regards temperaturz
and - piessure condition are mainfained.
After the reaction has ended the gases
expand doing work se as to be subse-
quently removed from the compressor in
the usual manaer. - '
_In order to prevent any injurious
variation in temperature-and pressure in
all the above described processes- these
can to a wertain extent he- provided
against, as already above described, by
introducing one of the reacting substances
gradually int> the cylinder so. that the
course of the reaction is spread over a
larger or shorter stroke of the piston.

As has been dsseribed abgve, it
will be necessary when oarrying -out
some of the above process, te add or
remove heat from the reacting substances
in the cylinder. ~For this purpose many
known means roay be employed such for
example - as the introduction into the
cylinder of heating- or eooling liguids
and vapours, hsating by electric flaming
arcs, heating and ceoling by means of a
liquid ecirculating through the jacket of
the compressor and so forth. The follow-
ing means, however, may also be
employed -— 7 : :

1. Spiral tubes can be mounted in the
end compression space in which cooling’
or heating liquids eirculate. :

2. The end compression space may be
provided with surfaces which are directly
heated or cooled from the exterior.

3. Electrical heating  bodies may be
provided in the end compression space.

The nccessary catalysts for the chemieal
operation may be introduced into the end:
compression space. These catalysts may-
be heated for example by electrical heat-
ing bedies or cooled by means of “tubes:
placed close thereto so that they may be
brought to the necessary temperature for
their operation. .

The processes here described in general
are to be applied to the most important
technological Teactions such as syntheses,
condensations (or polymerizations), erack-
saponifications,

Of all these reactions the most important

are described below.

. T. PRODUCTION OF AMMONIA
SYNTHETICAELY..

The piston sucks in & mixture of Bitro-

proportions and compresses it up to about

_the middle of the compression stroke,
»when the pressure will be about 50 atmos.

“and - the temperature - about: 500% C., this
result being attained by starting the
operation with a suitable initial tempera~
ture and pressure. From:. now onwards
the pressure must not decrease, but simul-
taneously - the temperature musb not
increase. — The control of temperature is
effected by introducing into the. cylinder,
during the reaction, a stream of a cooled
mizture of hydrogen and nitrogen which
is in the form of a highly compressed gas
or liquid. Any other gas, or even water,
could be used for the purpose. - The
stream of _cooled gas or liquid- must be
introduced into the cylinder gradually at
a high pressure, so as to eXpand inside
the cylinder and strongly cool the gases
therein. At the end -of the compression
stroke, the product of the reagtion is dis-
charged from the cylinder.- The catalysts
used are placed- into the -compression
space. - - - - ’ -

. DL Crackzve.
The mosk important. . technological
cracking reactions -are the cracking of

mineral oils and coal tar. In cracking
reactions, the pumber of molecules
increases. Somé. reactions are exothermic

and others are endothermic. The  first
belong to Group 1, the second to Group 4.
They all can be carried oub during “the
expansion stroke. - o

The compressor sucks in a -gas or
vapour, as for example, overheated water
vapour; of 12 abtmos. pressure and 320°
C. and compresses it to an end pressure of
50 atmos.; the end temperature i
then be 550° C. :
cracked is introduced into the cylinder in
a finely divided state by a high over-pres-
sure (10-—15 atmes.) at the commence-
ment of the expansion _stroke. In eon-
sequence of the _
is easily eracked. -Thanks to the expan-.
sion, the pressure- will not rise. If the
process is exothermic, _the expansion “will,-
generally, be sufficient so ‘as to. prevent a
rise of temperature. -If the process is
endothermic, the mixture musb be heated
by external means, .for ~example, by
means of glowing surfaces, heated:  from.
the exterior.
finished, the mixture is pushed oub and
subjected to fractional cooling.

. HYDROGENATIONS.  “ -
These Teactions are exothermic with a
reduction in the number of molecules.

They belong to Group 3, and: must; thete-

fore be catried out during the compres-

When  the - expansion - is.
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tions -is the hydrogenation of unsaturated -
into saturated fatty - acids. = The opera-

tion is as follows : S
- The piston sucks in hydrogen and com-
presses it to the nécessary degree of pres-
sure and -temperature for each oil, for
instance, 12.-atmos. and 180° C:: During
the compression,” the unsaturated fatty
acid is introduced into the cylinder of the
compressor in- a finely divided form under
excess pressure of hydrogen and the mix-
ture is further compressed in order .that
the pressure does not fall. In order %o

. prevent the temparature from rising, the

gas introduced - (hydrogen) is- of such_high:
excess pressure that by expanding - a rise
of temperature is prevented. - The- catalyst,

“if needed,.can be mixed with the oil in a

finely divided state, or it may’ be-retained
in the end -compression space. “The tem-

© peraturé at which the operation is carried
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out is preferably such that the fatty acid
remains in-a liquid state. - -
- I do not claim in this Specification such
chemical -processes as Tesult from -the
thorough or substantially complete - com-
bustion of hydrocarbon and like fuels 'in
& Diesel or other.  infernal combustion
engine,; :whether or -not sach processes are
accompanied - by the production of nitric
oxide. - - .- o S o
Having now particularly “deseribed and
ascertained the nature of my-said inven-
tion and in what manner, the same is to

‘be performed; I -declare that “what . I
- claim is:— - Rt

- 1A ,prdces’s foi—earrying out chamical
reactions in the interior of compressors,
characterised by the fact that the sub-

o stances received are first brought to a suit-

“able pressure -and temperature condition

~ for-the reaction: by _compression - or expan-
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sion “or- by the employment of other

. Tneans, and the reaction then carried out
. whilst maintaining the pressure and tem-
- perature as ‘constant as possible, subject

ing disclaimer.. ... : )
2. A process for “carrying- out chemical:

to the limitation mentioned in the preced-

-reactions in . the interior of compressors,

characterised: by - the-fact that the -sub-
stances received are first brought to a suit-
able pressure and temperature-condition
for the reaction by compression- or “expan-~
sion or by the employment of other means
and the reaction carried out in such a

- manner that in the case of exothermic

reactions the temperature will not increase
nor fall' in_endothermic reactions and that :

sidn-_—- stroke, whilst éobling. - The: “most #the pressure does not increase in reactions
important, technologically, of these-reac .

with an increase in the number of mole-
cules ‘and that the pressure does not fall
in the case of reactions with a ‘reduction
in the number of molecules, subject to
the limitation mentioned in the preceding
disclaimer, - - = .- - .
" 3. A process according to Claim 2,

characterised by the fact, that for ful-

filling the conditions specified therein for

- the purpose of carrying qubt chemical re-
‘actions sufficient quantities of -heat - of

cold; pressure or vacuum are stored in

the substances before they enter into reac-’

tion. - o . R
4. A process according to Claims 1 and
2, characterised by the fact that for
obtaining the course of the reaction speci-
fied therein ome or more of the reacting-
substances- ate added only gradually
during a larger or- smaller portion of the
piston stroke to the other reacting sub-
stances. - I A
5. A process according to Claims 1. and
2, characterised by the fact, that if “the
required couise of the reaetion cannot be
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obtained by the compression or expansion -
of the reacting substances and the gradual -

introduction of additional substasices
heating and cooling by other means must
be employed. - : R

6. A method of carrying out chemical
reactions in the interior of -compressors
according to Claims 1 and 2, characterised

by the fact that the addition or with--

drawal of heat is effected directly -by
‘exteriorly heated or cooled surfaces -of the
end compression -space. T

ammonia from the gases in the interior

~of a comprsssor, according -to Claims -1

and 2, -characterised by the fact that-the
reaction is carried out during the com-
pression stroke, substantially as described.
" 8. A-process for cairying out cracking
reactions in the interior of the compressor
according to Claims 1 and 2, charao-
terised by the fact that they are earried
out during the expansion stroke, sibstan-
tially as-deséribed. - - -
9.-A". process’ for carrying out endo--
thermic—cracking réactions in the  interior

of compressors agcording to Claims 1 and-

2, characterised by .the fact that they are
carried out during the expansion- stroke
with the addition of heat. '

10. A process for cariying out hydro--

genation reactions in the interior of com-
pressors ageording to Claims 1 ‘and 2,
characterised by the fact that bydrogen is
compressed. alone and that when the

necessary ‘temperature and pressure con-.

7. A process for the rproductioﬁ' of-
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dition is reached the substance to be: exposed to. the action of catalysts in the
hydrogenated is added in a finely divided . end compression space.
condition during the compression stroke. 5

11. A process for the hydrogenation of - Dated this 22nd day of December, 1920.

5 unsaturated fatty acids to saturated fatty
acids in the interior of compressors accord- . HY. FAIRBROTHER,
ing to Claims 1 and 2, characterised by ' Chartered Patent Agent,

8 tact that the vapours produced ate 30 and 32, Ludgate Hill, EC4.
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