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- PROVISIONAL SPECIFICATION

Exothermic Chemical Processes

We, Warrer Henxry GROOMBRIDGE
and Rowarp Pacs, both British subjects,

of the Works of British Celanese Limited, -

Spondon, near Derby, do hereby declare
5 the nature of this invention to be as
follows : —

This invention relates to exothermic
chemical processes and more particularly
such . processes carried out between

10 gaseous reagents such as carbon monoxide
and hydrogen. : .

In many chemical reactions of an
exothermic nature carried out on a com-
mercial seale, the heat evolved is removed

15 from the reaction zone by the boiling of
a liquid in thermal contact therewith.
Since the heat of vaporisation of most
liquids is so much greater than the heat
which can be conducted away merely by

20 a current of liquid below its boiling
point, this method offers many advant-
ages in practice. There is, however,
considerable difficulty in designing plant
which is easily capable of assembly and

25 re-assembly after it has been taken down,
for example for the replacement of
reactivation of catlyst contained in the
reaction zone. This difficulty becomes
more important when the reaction is

80 carried out wunder pressure so that a
difference of pressure exists between the
contents of the reaction vessel and the
container for the cooling liquid, since it

becomes necessary for the joints between-
35 the two vessels to be pressure-tight.-
is “the liquid most commonly

Water
emploved owing to the fact that it
is available in large quantities and is of
constant boiling point so that there is no
40 chance of a variation in the reaction
temperature resulting from variation in
the quality of -the cooling liquid
employed. In many reactions, how-

ever, and in fact in all reactions carried

45 out at temperatures above 100° C., the
use of water makes it necessary to use

the cooling liquid under super atmos-

pheric pressure and accordingly there
may exist a difference in pressure between
50 the reaction vessel and the container for
the cooling liquid as well as between
each and the atmosphere. The present
invention is concerned with a method of

Price 4s &4 ‘

and apparatus for obviating this diff-
culty and the invention is of greatest 55
importance in connection ,with the pro-
duction of hydrocarbons by subjecting
carbon monoxide and ‘hydrogen to
reaction at pressures above atmospheric.
The invention will be described more 60
particularly in conmection with this
particular application,

According to the invention, hydro-
carbons - are produced by subjecting
carbon monoxide and hydrogen to 60
reaction in a reaction vessel in thermal -
contact with a boiling liqguid and the
outlet from the reaction vessel is in com-
munication with the surface of the cool-
ing liquid, the reaction products and 70
vapour from the cooling liguid being
withdrawn together,

The synthesis of hydrocarbons from
carbon monoxide and hydrdgen can be
carried out very effectively at ordinary 78
atmospheric pressure but, by increasing
the pressure to 5—7 atmospheres or

‘somewhat more, the apparatus used can

be correspondingly reduced in sige
without reducing the quantity of 80
hydrocarbons produced and  with-.
out any considerable change in their
nature. It is even possible to produce

at such pressures a quantity of hydro-
carbons per unit quantity of reaction 85
gases equal to that obtainable with the
same quantity of reaction gases at
atmospheric pressure while wusing the
substantially smaller quantity of catalyst
which is needed in the smaller appara- €0
tus. Increasing the pressure much -
above 10 atmospheres does not however
produce corresponding advantages in
view of the increased proportion of
methane then found in the product. If, 95
therefore, it is not desired to form sub-
stantial quantities of methane by the
process pressures of above 20 atmospheres
are usually best avoided. On the other .
hand if steps are taken to utilize the 100
methane, e.g. by conversion with steam
into oxides of carbon and hydrogen or by
cracking or partial corabustion into acety-
lene, the- process can be conducted
economically at such higher pressures. At 105
even higher pressures useful oxygen-con-
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taining products may also be obtained, -
With active catalysts, e.g. those of the
cobalt-thoria type, the process is usually
carried out at temperatures  of
9 190--210° C. and water boiling at this
temperature develops a pressure of ‘some
16—18 or 20 atmospheres. Nevertheless
water can be used as the cooling fluid in
the process even when it is desived to use
10 a synthesis presure of no more than, say,
&§—7 atmospheres by dissolving therein a
salt in sufficient quantity to reduce its
vapour tension so that the resulting solu-
tion boilg at the desired reaction tempera-
15 ture under the pressure at which 1t is
 desired to carry out the veaction. For
example, if it is desired to carry out the
reaction. . Forexample, if it is desired to
carry out the synthesis of hydrocarbons
20 from carbon monoxide and hydrogen at 6
- or 7 atmospheres sufficient of the salt is
- dissolved in the cooling water to produce
a solution boiling under this preéssure at
190—210° . C. Caleium chloride is a salt
25 of most general application in this con-

neetion, although other salts may be used~

including caleium bromide, magnesium
chloride or bromide, sodium chloride or
bromide, potassium carbonate, or zine

80 chloride. Caustic soda and caustic potas”
may also be used to raise the boiling point
of the water used.

As an alternative to altering the boil-
ing point of the cooling water in the

85 manner described, there may be used as
cooling liquid a suitable liquid hoiling at
the temperature and pressure obtained in
the reaction zone. Thus, ethylene glycol
may be used for temperatures somewhat

40 -above those normally employed in the
synthesig of hydrocarbons when wusing a
cobalt-thoria catalyst, for example, at
the temperatures which are most suitable
for a catalyst baving a basis of iron,

45 Tt is preferred to use a cooling liguid
which is immiscible with the hydrocar-
bons produced in the synthesis owing to
the simplicity of the subsequent separa-
tion of the condensate coming from the

50 reaction zone and cooling bath. When
using an agueous salt solution, only water
distils with the hydrocarbons with which
it is immiscible and from which it is
therefore readily separated while the com-

55 position of the cooling liquid may be
maintained constant by supplying fresh
water in. a measure as it is evaporated

from the salt solution,

As previously indicated a valuable
feature of the present invention is the 60
simplicity of the apparatus needed for
adopting the novel procedure. In its
simplest form, the apparatus may com-
prise an outer container for the cooling
liquid, this container being provided with 65
an outlet for reaction gases and vapour
from the cooling liquid and also with an
inlet for fresh cooling liquid fo replace
that evaporated. Secured to the head of
such a container there may be provided a 70
tube plate and above it an inlet header
provided with an inlet for reaction gases.
The tube plate may be provided with
tubes expanded inte openings in the plate
and depending into reaction wvessels 75
within the cooling liquid. The reaction
vessels may, very conveniently, be of
cylindrical form, closed at their lower
ends and hung from the tubes referred to,
for example by means of ping passing 80
through the tuhes and engaging with
slots in the reaction vessels in the manner
of bayonet joints, By arranging that
the tubes extend to the base of the reac-
tion vessels and providing catalyst in the 85
annular space thus formed, the reaction
gases will be preheated during their
passage to the bottom of the reaction
vessels and will then pass upwardly
through the catalyst and be withdrawn 90
from the open top, where they mix with
the vapours from the cooling liquid and
are withdrawn from the vessel,

It will be appreciated that an
important advantage of apparatus con- 95
structed in the manner described above
is that reaction wvessels of an insubstan-
tial nature may be used as, whatever the
pressure at which the synthesis is carried
out, this pressure exists both inside and 100
outside the reaction vessels.

‘While the invention has been described.
more particularly in connection with the
production of hydrocarbons from carbon
monoxide and hydrogen;  it” will be 105
appreciated that the method and appa-
ratug deseribed are applicable to other
exothermic processes, especially those
carried out in the vapour phase.

Dated this 12th day of June. 1941.

STEPHENS ‘& ALLEN,
Chartered Patent Agents,
York House, Gordon Avenue, Stanmore,
Middlesex.

ACOMPLETE SPECIFICATION .
Exothermic Chemical Processes

110 ~We, Warrer HENRY (GROOMBRIDGE
and ‘Ronarp Pace, both British subjects,
of the Works of British Celanese Limited,

Spondon, near Derby, do hereby declare
the nature of this invention and in what
manner the same is to be performed, to 115
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be particularly descrihed and ascertained
in and by the following statement:—
This invention relates to exothermic
chemical processes and more particularly,
5 such processes carried out between gase-
‘ous reagents such as carbon monoxide and
hydrogen,
In many chemical reactions of an
exothermic nature carried out on a com-
10 mercial scale, the heat evolved iy removed
from the reaction zone by the boiling of
a liquid in thermal contact therewith.
Since the heat of vaporisation of most
liquids is so much greater than the heat
16 which can be conducted away merely by
a current of liquid below its boiling point,
this method offers many advantages in
practice. There i, however, considerable
_ difficulty in designing plant which is
20 easily capable of ‘assembly and
re-assembly after it has been taken down,
for example for the replacement or reac-
tivation of catalyst contained in the reac-
tion zone. This difficulty becGmes more
- 25 important when the reaction is carried
out under pressure so that a difference of
pressure exists between the contents of
the reaction vessel and the container for
- the cooling liquid, since it becomes
30 necessary for the joints between the two
vessels to be pressure-tight. Water is
the Jliquid most commonly employed
owing to the fact that it is available in
large quantities and is of constant boiling
85 point so that there isno chance of a vari-
ation in the reaction temperature result-
ing from variation in the quality of the

cooling liquid employed. In many reac-

tions, however, and in fact.in all reac-
40 tions carried out ot temperatures above
- 100° C.
necessary to use the cocling liquid under
super atmospheric pressure and accord-

ingly there may exist a difference in-

45 pressure between the reaction vessel and
the container for the cooling liquid as

well as between each and the atmosphere.

The present invention is concerned with
a method of and apparatas for obviating
50 this difficulty and fthe invention is of
greatest importance in connection with
the production of hydrocarbons by sub-
jecting carbon monoxide and hydrogen to
Teaction at pressures above atmospheric:
55 The invention will he
particularly in connection with this
particular application. C

According to the invention, hydrocar--
bons are produced by subjecting carbon -

60 monoxide and-hydrogen to reaction in a
reaction zone in thermal contact with a
Yiquid which is boiled by the heat liber-
ated in the reaction zone and the -outlet

from the reaction vessel is in communiea- -

65 tion with the surface of the hqili‘_ng-’

, the wuse of water makes it

described more

liquid being withdrawn together,

The synthesis of hydrocarbons from
carbon monoxide and hydrogen can be
carried out very effectively at ordinary
atmospheric pressure but, by increasing 70
the pressure to 8~-7 atmospheres or some-
what more, the apparatus used can be
correspondingly reduced in size without
reducing the quantity- of hydrocarbons
produced and without any considerable
change in their nature.” It is even
possible to produce at such pressures a
quantity of hydrocarbons per unit
quantity of reaction gases equal to that
obtainable with the same quantity of
reaction gases at atmospheric pressure
while using the substantially smaller
quantity of catalyst which is needed in
the smaller apparatus. Increasing the
pressure much above 10 atmospheres does
not however produce corresponding
advantages in view of the inereased pro-
portion of methane then found in the
product. If, therefore, it ig not desired
to form substantial quantities of methane
by the process pressures of above 20 atmo-
spheres are usually besti avoided. On
the other hand is steps are taken to utilize
the methane, e.g. by conversion with -«
steam into oxides of carbon and hydrogen 95
or by cracking or partial combustion into
acetylene, the process can be conducted
economically at such higher pressures,

At even higher pressures useful oxygen-
containing products may also be ob- 100
tained. )

With active catalysts, e.g. those of the
cobalt-thoria type, the process is usually
carried out at temperatures of
190—210° C. and water boiling at this
temperature developg a pressure of some
16—18 or 20 atmospheres. Nevertheless
water can be used as the cooling fluid in
the process even when it is desired to use
a synthesis pressure of no more than, say,

—7 atmospheres by dissolving therein a
salt in sufficient quantity to reduce its
vapour tension so that the resulting solu-
tion boils at the desired reaction temper-
ature under the pressure at which it is
desired to carry out  the  re-
action. For example, if it is de-
sired to carry out the synthesig of

75

80

&5

90

105

1lv

115

‘hydrocarbon from carbon. monoxide and

hydrogen at 6 or 7 atmospheres sufficient 120
of the salt is dissolved in the cooling
water to produce a solution boiling under
this pressure at 190—210° C. Caleium
chloride is a salt of most general applica-
tion in this connection, although other
salts Toay be used including caleium
bromide, magnesium chloride or bromide,
sodium chloride or bromide, potassium
carbonate, or =zine chloride. . Caustic
soda and caustic potash may also be used 130

125
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to raise the boiling point! of the water
used. ' :
Ag an alternative to altering the boil-
ing point of the cooling water in the
manner described, there mavy be used as
cooling liquid a suitable liquid boiling
at the temperature and pressure obtained
in the reaction zome. . Thus, ethylene
glycol may be used for temperatures
10 somewhat above those normally employed
in the synthesis of hydrocarbons when
using a cobalt-thoria catalyst, for
example, at the temperatures which ave
most suitable for a catalyst having a ba#is
15 of iron.

It is preferred to use a cooling liquid
which is immiseible with the hydrocar-
bons produced in the synthesis owing to
the simplicity of the subsequent separa-

20 tion of the condensate coming from the
reaction zone and cooling bath., When
using an agueous salt solution, only
water distils with the hydrocarbons with
which it is immiscible and from which

25 it iy therefore readily separated while the
composition of the cooling liguid may be

(3]

maintained constant by supplying fresh

water in a measuve as it is evaporated

« from the salt solution,

30 As previously indicated a valuable
{feature of the present inventiom is the
simplicity of the apparatus needed for
adopting the novel procedure. In its
simplest form, the apparatus may com-

35 prise an outer container for the cooling
liquid, this container being provided with
an outlet for reaction gases and vapour
from the cooling liquid and also with an
inlet for fresh cooling liquid to replace

40 that evaporated. Secured to the head of
such a container there may be provided a
tube plate and above it an inlet header
provided with an inlet for reaction gases.

The tube plate may be provided with’

45 tubes expanded into openingg in the plate
and depending into reaction vessels
within the cooling liguid. The reaction
vessels may, very conveniently, be of
cylindrical form, closed at their lower

50 ends and hung from. the tubes referred to,
for example by meany of pins passing
through the tubes and engaging with
slots in the reaction vessels in the manner
of bayenet joints. By arranging that

55 the tubes extend to near the base of the
reaction vessels and providing catalyst in
the annular space thus formed, the reac-
tion gases will be preheated during their
passage to the bottom of the reaction

60 vessels and will then pass upwardly
through. the catalyst and be withdrawn
from the open top, where they mix with
the vapours from the cooling liquid and
are withdrawn from the vessel,

65_ It will be appreciated that an

important advantage of apparatus ‘con-
strueted-in-the manner described above is
that reaction vessels of an insubstantial
nature may be used as whatever the pres-
gure at which the synthesis is carried out, 70
this pressure exists beth isside and out-
side the reaction vessels, : N

While the invention has been described
more particularly in connection with the
production of hydrocarbons from carbon 75
monoxide and hydrogen, 1t will be
appreciated that the method and appa-
ratus described are applicable to other
exothermic processes, especially those
carried out in the vapour phase, 80

The accompanying drawings illustrate
a form of apparatus which is suitable for
use in carrying out the synthesis of hydro-
carbons from carbon monoxide and hydro-
gen with the aid of the invention. 86

In the drawings, Fig. 1 shows diagram-
matically in section the apparatus com-
prising regetion vessels and container for
cooling liquid, Fig. 2 shows a suitable
form of reaction vessel and Fig, 3 an 90
inlet tube for introducing the reactant
gases into the reaction vessel,

Referring to the drawings, the con-
tainer 1 for cooling liquid, flanged as at
2, carries on the flange a tube-plate 3 and 95
the flanjge 4 of a header 5 provided with
inlet 6, flange 2, tube-plate 3 and flange
4 being secured together by bolts 7. The
twbe-plate 3 ecarries inlet tubes 8
expanded into openings therein, these 100
inlet tubes carrying pins 9, fitting into
slots 10 in reaction vessels 11 and tﬁereby"
gupporting the reaction vessels. The con-
tainer 1 is provided with an inlet 12 for
cooling liquid and an outlet 13 for reac- 105
tion produets and vapour from ihe cool-
ing liguid.

In operation, catalyst 14 is charged
into the annular space between inlet tubes
8 and the inner walls of the reaction 110
vessels 11 and cooling liquid 15 iy fed
into the centainer 1 through inlet 12
until it rises somewhat above the surface
of the ecatalyst 14. The reaction is
started usually by supplying hot liguid 115
15 to raise the temperature of the catalyst
to the reaction temperature, whereupon.
the mixture of carbon monoxide and -
hydrogen is passed in through inlet 6,
header 5, inlet tubes 8 to the catalyst 14, 12¢
the products being withdrawn by the
outlet 13. Once the reaction starts heat-
is liberated and boilg the cooling liquid -

18, the vapour thus produced being-
removed with the reaction products 125

through outlet 13, cooling liquid being :
supplied to maintain the leve} in the con- -
tainer 1 by inlet 12. This. level can he

seen by means of suitable sight glass (not -

shown). 130



551,812 ' | b

Having now particularly described and
ascertained the nature of our said inven-
tion and in what manner the same is to
be performed, we declare that what we

b claim is:—

1. Method of carrying out an
exothermic chemical reaction in a reac-
tion zone in thermal contact with a liquid
boiled by the heat liberated: in the reac-
tion zone, wherein the outlet from the
reaction zone is in communication with
the surface of the boiling liquid and the

10

reaction products and vapour from the

boiling liquid are withdrawn together.
2. Process for the production of hydro-

carbons from carbon monoxide and

hydrogen in a reaction zone in thermal

15

contact with a liquid boiled by the heat -

liberated in the reaction zome, wherein
20 the outlet from the reaction zone is in
communication with the surface of the
boiling liquid and the reaction products
and vapour from the boiling liquid are
withdrawn together,

3. Process according to Claim-1 or 2,
wherein the reaction iy conducted at
superatmospheric pressure, '

4. Process according to Claim 38,
wherein -the liquid in thermal- contact
with the reaction zome is an agueous
solution containing a quantity of solute
chosen so that the solution boils at the
desired reaction temperature,

5, Process according to Claim 4, where-
in the liquid in thermal contact with the
reaction zone is an agueous solution of
caleium chloride. ) :

6. Process according to Claim 3, where-

2%

30

3b

in an organic liquid of suitable boiling!
point is employed as cooling liquid.

7. Method of carrying out the produe-
tion of hydrocarbons from carbon mon-
oxide and hydrogen and other exothermic
chemical reactiony substantially as here-
inbefore described. 45

8. Apparatus for use in carrying out
.exothermic chemical reactions at a tem-
perature coutrolled by a boiling liguid,
_which comprises a reaction vessel situ-
ated within a eontainer for cooling liquid,
said reaction vessel being provided with
an inlet for reactants and an outlet for
reaction products, said outlet being in
communicatior with the interior of said
container and an .outlet provided on said 96
container. :

9. Apparatus according to Claim 8,
wherein a plurality of reaction vessels are
provided within a common container for
cooling liquid, said reaction vessels
being of tubular form and mounted verti-
cally with closed lower ends and an inleb
tube for reactants is situated within each
‘reactlon vessel and passes down to near
‘the bottom thereof.

10. Apparatug according to Claim 9,
wherein said inlet tubes are suspended
from a tube-plate closing the container
for cooling liquid and each inlet tube
_supportg the reaction vessel it serves,

Dated thig 18th day of May, 1942,
STEPHENS & ALLEN,
- Chartered Patent Agénts,
‘Wykeham House, Gordon Avenue,
“Stanmore, Middlesex.
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[ This Drawing ts @ reproductior of the Original on a reduced scale]
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