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CHMPLETE SPECIFICATION

Improvements in or relating to the Synthesis of Hydrecarbons under
.~ Ultra~pressuvre

We, Gpvanp Frsorsn, of Stupartska 4,
Prague, 1, Czechoslovakia and Bruwo
Dowarn, Parizska, 10, Prague, Czecho-
slovakia, hoth Czechoslovallan ciiizens,

& do hercby declare the nature of this inven-
tion, andy in what manner the same iz 4o
be performed, fo he particulsrly deseribed
bm(f' agcertained in and by the following
statement ; —

10  This iuvention relates to the synthetic
woduction of hydrocarbons, particularly

quid hydrocarbems, from miztures of-

gases oontaining hydrogen and carbon
monoxide,
15 Iitherio in the synthetie manufacture
of hydrocarbons ise has been made of the
+ combined effeats of heak and pressura sot-
ing in the presence of various snitable
catelyais, especially precious metals. The
20 catalytic material, in eddition to being
expensgive, rapidly hecomes poisoned if tha
etarting material is not properly freed
7 from sulphurous constituents. A furiher
inconvenisnce is the periodicity of the
25 process due to the fact that the catalyst
% has to be rested, cleaned from impurities
and vegenerated. .
These dissdvantages naturally causs an
increass in the price of the synthetia pro-
80 duct, especlally in the case of liguid
hydrocarbons.
It has already been proposed in the
mannfaecture of hydrocarbons from earbon
menoxide and hydrogen, to subject these

. 85 gases to pressures of s high order ub a

more or less elevated icmperature and in
this connertion pressures up to 3000 atmos-
pheres {see specification of Letters Palent
No. 328,586) and femperatures up fo 700°
40 Centigrade have heen speciﬁt;aﬁy ™en-
tienad although the temperature usuaily
preferred was between 800 and 500° Cendi-
grade. In prior proposals of this
chargeter, however, o eatalyst has invari-
44 ably besn employed.

The present invention, on the other
hand, provides & method for the synthetic
production of hydrocarbong from mixiures
of gases containing hydrogen and carbon

50 monoxide by the use of high pressures,
charaoterised by the fact that no catalysts
~ dre employed and that to offect the reaction

[Price 1/-]

the gases are subjented to a pressure
excegding 1500 atmospherss at an elevated
temperature, said pressure heing developed 55
by eompression of the gases in successive
stagea, -

The principle of synthesis by high pres-
gures is hased on the physical feature that
the volume of a given quantity of £as 60
under pressurs is 1-eél.1J.eef'[l ;e at 5000
elbmospheres it is approximately §.001 of
the volume ai atmospherio pressura. Ajr
at high pressure may thus huve a higher
density than water but still remaing goge- &b
ous a3 ifs temperature is comsiderably
higher than the éritical tempernture. The
mizture of guses under these tonditions
i chemjeally extraordinarily active and
they react mutually very intensively at an 70
apprepriste femperature,

The proper reaction is dependent upon.
thres main factors, namely, the Dressure
aud temperature of the gases and the time
for which they remain at & given pressure 75
and temperature. The optimum tempera-
tures for the reaction have heen fouund
to He between 800 and 1000° C. at
which femperatures, with a pressure of
4506—3000 atmospheres the reaction takes 80
place without rafalysis. The invention is
not, howaver, limifed to the usc of these
particular temperatures and pressures.

In carrying the invention into effect the
reaction is not allowed o take plage in the 85
preliminary compression stages bub tukes
place in a reaction chamher connected to
said pressure stages. Such rToacHon
ehawber may be formed by the compressor
of the last stage, and the resciion pre- 9
vanted from taﬁing Place prior to reach-
ing the reaction ohamber by keeping the
temperature of the compressed gases Ee]ow
that necessary for the reaction until the
reaction chamber has heen reached, 95

Apparatus for the sysihetic prodnction
of hydrocarhong in accordance with the
inventiom is represented schemutically
and by way of sxample in the atcompany-
ing drawing. '

Referring tn the drawing, o designetes
o generator for water-gas of normal con-
struetion having a grate 2 on which burns
a layer of combustibles supplied by the
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charging holes .. To the lower part of

the generator o a tubing pp for steam 1s

connected by which steam is led under

pressure jnio 1he generalor,
4 By the incomplete burning of the com-
bustibles, e.g. coal, coke, coal waste, wond,
straw, peat, oils, tars, charcoal, leaves cte.
gases are produced in which carbon mon.
oxide (CO), predominates and other pases
as nitrogen methans, quantities af err-
honie dioxide, efe. are present. If steam
ig led to this mixture through the red-hot
eombustible the water is decomposed by
the action of the glowing coal into
15 hydrogen and nxygen so that some keat is
taken from the combustible, The water-
gas hey the following average composi-
tion: 40% GO, 45% H,, 0.5% CH,, 5%
C0., 9.6% N, as to the volume, in cases
where the tombustible consists of coke,
suthracite or charcoal. T pit coal or
brown coal iz nsed, the gas usnally eon-
tains traces up to 0.2% of hydroearbons
of the olefine group of the general formula
28 O H.,, e.z. ethylene.

Alternatively retorts, either of hari-
zontal or vertieal disposition may be used
for the manufacture of the initial gases.
The retorts, may be arranged for the con-

80 tinual movement of the combusiibles =0
that the proeess is then uminterrupted,
which makes possible on the one hand the
reduction of the heat losses to a minimum
and on the other hand a far more ronstant

85 composition of the raw gases. The gas-

genons retort has furthermore the advan-
tage thai it is possible to supply approzi-
mately 40% of the heat energy necessary
for the decomposition of water-vapour and
compeneation for Josses to the retort from
onfside so that the process remeins con-
tinuous, without the composilion being
changed periodically as is uswully the case
in an ordinary generator during the period

45 of aeration.

The Taw gas is eshausted by the ex-
hauster £ and forced into the gas tleaner
5. The cleaner consists substantially of o
vertical eontainer of sheet iron provided
at a distance above its base wilth g grate §
on which rvest pieces of material presenting
a large surface area e.g., coke, Waschig-
rings or the like so that the gas passin
through may not be subjected (o a hig
55 resistenee, The gas enters the container

at the buse beneath the grate j by the ubs
# leading directly from the penerator and
passes the layer of the charge., Against
the gas stream flows water on the surface

60 of the charge, enleriug the clegmer by u
spray silvated op the upper hd of the
tleaner . In the cleaner b the gas i3 on
the one hand eosled and on the other hend
freed from gross impurities {aken along

65 from the generator or the retort by the
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" alpg  atmospheres,

stream of gas, sueh for cxsmple us
particles of unburned fuel, ashes, mineral
dust or the like, Beyvond the elcaner b

is inserted alsv & fine spruying cleaner 4,

for certainty, by which sharp partieles 70
talken along with the stveam of gas are
prevented irom entering the compressing
devite, the interivr centacting and frie-
tion surfaces of which wonld easily be
damaged. The interior of the compressors 75
must have very close enntael with the con-
tacting surfaces having regard lo the
exfreme Pressures.

The eleaned gas is snpplied o the mixer
1 with oither suilable guses, (he com- 80
pusilion of {he mixture fleing' such as io
correspond as nearly as possible with that
of the desired finai produet (the liguid
hydroearbor), and the mixture is sucked-
on by the compressing device. ]

fhould the resistance of the whole
cleaning section be very considerable au
added suction pump, or if necessary iwo,
iz inserted betwsen the eleaners b and A,
or behind the cleaner 4 or behind the 90
mixer I, so that the fivst stage of (he com-
pressing deviee sucks ot least under atmos-
pheric pressure ox wnder a slight additional
pressure.

The enmprassing devire compresses the @95
cleaned gas of snitable mixed compositivn,
frow almospheric pressure. the pressure
being regulated by the suetion compressors
to n fina] extrame presanre of, for example,
The attzinment of TG0
this degree of compression 1s divided into

‘several compressing stages, e.g. fiva atages

with ecompressing ratios of 1:8, 1:5, 1:5, <
1:58, 1:5 and final pressures of 3 atmos-
heres, 40 atmospheres, 200 stmospheres, 105
fOUO atmospheres and 5000 stmospleres,
assuming that the suction of the Hfrsf
stage takes place af atmospheric pressure.
The temperature of the gases is kepl below
that neeessary for the reaciion by vooling 110
uniil the final pressure has been reached,
whereupon the temperature is allawed to
rise fo permit the reaction lo lake place,
The division of the totul pressure in-
cregse info several parfs has the chief 115
advantage of saving energy and also
enzbles o maximum inercase in pressure
to be obfaived with the minimum possible
diamelber of the cylinders of the last stage
for extreme pressures. Aeccording te the 120
increasing pressmres of the respeclive
degress the contents of the cvlinders
diminish, Alse the seletiion of the con-

.gtrueting materisl depends on the respee-

tive zume of pressure so that it is possible 195
to save expenzive canstructing matcrigl
for the lasi campressing degrees,

The funelion of the compressing deviee
will be evident from the schematic draw-
ing hereunto annexed.

180



479,991 3

The firat degree I sucking the gases from
the cleaners @ and b as well as from the
mixing deviee 1, compresses the goses to
8 atmospheres and leads them to a pressure

% pipe. The compressor is pravided with as
efiivient o waler jacket eg possible so that
the compressing operafion approdches as
nearly as possible to isothermie eampres-
sion. The gases rompressed in the first

10 stage may be furfher cooled by making the
presgure pipe as o system of 1ibbed tubes
of the reguired eapacity which form at the
same time the gas raceiver for the second
ecompressien stage. The compressor 11 of

15 the second stage is arranged similarly to
compressor I and ompresses to 40 atmos-
pheres. Trom this eompressor the gas is
led. through a steel pipe, arranged in an
economiser ¢ in which water is warmred and

20 the compressed gas cooled,

The gas passes inte the compresser TT1T
of the third comprewion stage which is
arranged, for example In the manner of a
comprassor for the liquefaction of gases,

25 e that a aompression to 200 atmospheres
takes place. The cooling of the eylinders
must be as efficient as possible to prevent
the Tubrication of cylinders and pistons
being spoiled and alao to prevemt the

20 reaction taking place. The gas sub-
sequenltly passes Into the ftubes of an
economiser F arranged as counter-flow
cooler to make use of the warmth of the
gages.

® 885  The gas compressed to 200 atmospheres

and properly cooled in the cconocmiser f
iz extracted by the compressor IV of the
fourth stage, in which the final pressure is
1000 etmosphercs. The cooling of the
40 cylinders tales plube by means of oil under
& prassure of B0 to 100 aimospheres to
sesure tha most intensive comtact of the oil
with the surface of fthe oylinders and by
this menns the perfeet transmission of the
45 heut. The oil itself is then cooled in
counter-flow coolers by water or by any
suitable cooling medinm, the heat faken
from. the oil being used for boiling water
and for the supply ol sbeam necessary fox
50 the generators or retorta.

Finally the gas Is exitvactad from tha
economiser g by the compressor YV of the
Efth and last degree where an exirvcme
pressure oI 5000 atmospheres 1z attzined.

66 The cil-cooling of the compressar V is
under a minipum pressure of 100 atmos-
pheres sod iz eooled down similerly es in
the fourth degree just deseribed.

The cooling by oil or glycering has heen

60 rhosem in visw of possible corrosion, which
would render water unsuitable at the high
temperatures and pressures emploved,
althourh, 2s oil transmits only approxi-
mataly 40% of the heat carvied away by

65 the same weight of watler, it is necessary

to consider this cirpumstance in calemiat-
ing the flow speed und the flow quantities
in & wunit of tims.

The compressor ¥ also constituies the
regetion chamber aud in it the lempera- §0
ture is permitted to Tise o the degree
requisite for the reaction.

rom the lust siage the synthetic pro-
duct passes info an apparatus A of known
form for fractionsl condensation where it 75
is divided into its respective fractions
gecording to their boiling-point, which
are drawn off at points 1, 2, 8, 4.

I; will be evident that the preducts of
the synthesis especiaily those with a high gp
boiling point or n gaseous form, may he
warked up to a gasoline, paraffin, vaseline
oil and the like by known processes c.g.
by eracking, polymerisalion ox the like,
erther with or without catalysts. 85

Having now particularly deseribad and
ascertained ihe nature of our said inven-
tion, and in what manner the same iz to
be performed, we deeclara that what we
claim is:— a0

1. Method for fhe synthetic production
of hydrocarbony from mixtures of gases
containing hydrogen and carbon monoxida
by the use of high pressures, character-
ised by {he fact thet no catalysls sxe em- 93
ployed and that fo effstt the reaction the
gases are subjected 1o z pressurs excead-
ing 1600 atmospheres at an elevated tem-
perature said pressure being developed by
compression of the gases in successive 10D

ged. .

2. Mathod as clatmed in elaim 1, where-
in the reactiog pressure is of the order of
4500 to 5000 atmospheres.

d. Method - az claimied in claim 1 or 105
elaim 2, wherein the temperature of the
compressed gases is kept below that neces-
sery for the reaction fo take place until
the finul pressure stage has heen reached,
whereupon i} iz 2llowed to rise to cneble 110
the reaction to take place.

4. Method as claimed in claim 2, or
claim 2 and clsim 3 whereir the tempera-
ture ab the reaction pressure siage is of
the order of 800—1000" centrigrade. 115

5. Mathod as elaimed in any preceding
olatm, whereln the mitinl mixture of gases
Is walter gas, producer gas or the like, with
or without ths addition of other gases. -

6. Methnd of synthesis of hydrocarhans 120
according to any of claims 1 to 4, wherein
ke jinitial gases are made by incomplete
combustion of s0lid or liquid combustiblas,
sueh ag cnal, wood, peat, vils, tars, char-

-coal and the like in continuously operating 195

gcnerators or zetorts.

7, The method of synthesis of hydro.
carhons, substantially as hereinbefore
desoribed.

8. Hydroearbous, when produced by 180
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i0

the provess claimed in any of the preeed-
ing claims.

9. Method as claimed in any preceding
glaim, in which the manufacture takes
place in an apparafus comprising a
generator of water pas, producer gas, or
the like supplying a multi-stage ecom.-
pressing plant adapled fo ralse the
pressure of the gases to the requisite
degree, and conling means sssncisted with
sald plant for cooling the compressed gases
at different pressure stuges, said cocling
means being used for the production of
steam for {he generator.

10. Method as elaimed in any preceding
claim, in which the manufacture takes
place in en apparatus eonstructed, ar-
ranged and adapted to operate substam-
tially as herein described with reference
to the secompanying drawings,

Duled this 9th day of Fune, 1536,
For the Applicants,
STANLEY, POPPLEWELL &
FRANCTS,

Chur{eved Petent Agents,
Jessel Chambers,
84—, Chaneery Lane, London, W.C.2.

Leanrington Sps: Printed for Hiz Majesty's Stationery Office, by the Courler Press.—J18938.
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[ThisDrawing ts a full-size reprodustion of the Original f
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