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COMPLETE SPECIFICATION

Improvements relating to the Performance of Gaseous
Exothermic Catalytic Reaciions

We, MONTECATINT SOCIETA GENERALE PER
L' INDUSTRIA MINERARIA E CEmMICA, 8 Come-
pany incorporeted under the laws of Ttaly, of
18, Via Albania, Milan, Italy, do hereby

5 deelage the invention for which we pray that
a pateni may be granted to us, and the
method by which it is to be pecformed, ta be
particolarly described in and by the following
statement

10 The present invention relates o improve-
qwepts in the method of performing gaseous
exothermic catalytic reactions taking place
at high temperatare and under pressure, and
to apparatus for carrying out such improved

15 methods. The invention has for an object
to enable the removal of the heat generated
by such reactions, thereby obtaining a more
advantageous gradient of temperature in the
reaction vessel, and for a further objcct

9@ the ntilisation of said heat for the production
of steam. .

The inventiont is applicable more
specifically to methods of synihesis for
example of ammonia or methanel.

25 The quantity of heat gemerated in the
formation of one Kg. of ammonia from its
clements at the temperature of 500° C. is
approximately 750 XCal. Therefore, as the
reaction proceedsin contact with the catalyst,

30 the temperature of the nitrogen-hydrogen
mixéure rises, and the chemical equifibrium is
thereby unfavourably infiuenced. In order
to obtain a high Tate of formation of ammonia
it is necessary to maintain the temperature of

35 the catalyst at a suitable level,

In the synthesis of methanol from carbon
monoxide and hydrogen, this roquirement is
even stricter than in the synthesis of
ammonia. In this case abnermafly high

40 temperatures not only have an unfavourable
inflnence on the rate of formation of methanol,
aceording to the equilibrivm laws, but they

also have the effect of promoting the forma-

tion of undesired products such as carbon
45 diexide and methane, and of reducing the
efficiency of the catalyst.
It is known in apparatus for carrying out
gaseous exothermic catalytic reactions such
[Price 2s.8d.]
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as the prodncton or comversion of hydro-
carbons to provide tubular cooling water 50
systems distributed throughemt a catelytic
Mass.

The invention has for an object to providea
method of and means for enabling reactions of
the aforesaid kind ond parbculasly the 85
synthesis of ammonia or methanol, to be
carried out imder optimun conditions of
yield and heat balance.

Accordingly the invention provides the
methed of perfornﬁﬁ gaseous cxothermic 80
reactions over a catalyst, and particularly
the synthesis of ammonia or methanol, at
high temperature and under pressure n
which the temperature is controlled by
removing heat of reaction by cireulating 65
water through tubes positioncd in the-interior
of the catalyst chamber, characterised in that
heat is removed by evaporation at a plarality
of zomes, spaced hetween successively deeper

. catalyst layers in the direction of gas flow, of 70

portiens of & quantity of water in a common
closed cireuit, ithe gquantities of wafter
avaporated at each zome gre independently
controflable to produce steasn at high
pressure, the produced steam is condensed 78
externally by heat exchange with water to
evaporate the latter and form steam at
lower pressure, and the condensate is re-
cirenlated to said zones.

Further, the invention provides apparatns 80
for performing gasecus cxothermic catalytic
reactions, and particularly {he synthesis of
ammoniz or methanel, at high temperafure
and under pressure, comprising = catalyst
chamber adapted to enclose the catalyst in 285
plurality of successively deeper layers or
masses in the direction of gas flow, & plurality
of heat exchangers interposed one betwesn
each adjacent two of sawd layers or mmasses
and spaced at successively greater intervals 90
in the direction of gas flow, a pump for
supplying water in common to gaid@ heat
exchangers, valve means independently con-
trollable for regulating fhe supply of water to
each heal exchanger for the pimpose of 95
promoting evaporafion of the water thereix

H‘ fee

A S Gl <p,

2394



671,573

t0 produce steam at high pressure, a common’

header for the “steam from the heat
exchangers, and a closed exterrgal cirenit
comprisinig seid header, said pump and &
5 boiler, in which boiler said steam is condensed
in indirect heat exchange with e separate
water feed to produce from the latter steam

at lower pressuse, the condemsafe from the.

boiler being returned to the intake of said
10 pump. ' ' "
Advantageously, the methed may com-
prise, and the apparatus may isclnde means

to enzble pre-heating of the reactant gases-
entering the cutelyst chamber hy heat
15 cxchange with issung product gases, end.
alternatively or additionally pre-heating of

the feed water for low pressure steam
production,

The foregoing and other featmres of the

20 invention will be more clearly apparent from

the following description which is given by

way of illustration and explanation, and .
without limitation, of a mdde of carrying out .
{he invention and apparatus therefore, forthe -

25 synthesis of ammonta, with reference to the
accompanying diagramumatic ‘drawing in
which : R .-

" Figure 1 is a section through a calalylic
apparatus, N

30 " Figure2isa curve of 'température gradient

throughoul such apparatus during the per-
formance of the method, and - )
TFigurs 3 is a curve showing percentage of
o pnomia presemt during performance of
" 85 the method. - ) T
. Referring 1o Figure 1 of the drawings, the
apparatus in the form of & converter includes

at its Jower end a branch 13 for the entry of &

gaseous mixture N, - 3H, under pressure,
40 The pases thus admitted circulate throngh a

heet cxchanger 7, wherein they are pre-heated -

by lssuing product gases. as will be deseribed
and then ascend in-an outer jacket hetween
the inner catalyst chamber and the oufer shell
45 of ~the converter, The gases then, pass

doymwardly through the cutelyst chamber
thailttgrE of layers -er

which encloses a

masses -1-8 of -catalyst, thereafier issuing

) through the tubes of the heat exchanger 7.
. 50 Interposed between each adjacent two of the

catalyst layers or masses are a, plurality of
heat exchangers 17, eack faluicated in any
sttitable form, for example as a spival coil,
the said heat ewchangers being provided

55 individually with inlet control valves 9 .

associated with 2 common header and a
cooling water -supply pump 10, and with
outlet branches 12 associated with a comimon
outlet header. :

60 By virtge of pre-heating in the heat
exchanger 7 and the outer jacket of the
converter the gaseous mixtnre arpives at

the first layer 1 of catalyst at a temperature
sufficiently high for the reaction to stact, that _

passage of the

s, 'a;;gm;imtezy 400° C. Tn fhis catalyst 65

v reason of the exothermic reaction the
temperature of the gascs theh rises quickly, -
exeeading 500° C. as indicated in the curve,
Figure 2, Below the catalystlayer I thegases -
are -then’ cooled by the subjacent coil 17, 70
supplied with a regulated fow of water. =~
Similar increases of temperature occur in
each of the succeeding catalyst layers 2-8,
with intervening decreases effected by the . -
gases across the hLeat73
exchangers mmediately below said layers.
In order to obtain optimum yield, the
temperature of the s must be pro-
gressively decreased with increase of the per-
Centage of ammonia nt. As indicated 80
in Figure'8, the reaction takes place rapidly
in' catalyst layer 1, and ' progressively less
rapidly i the successive layers, and the heat
exchangers are therefore interposed between - )
catalyst layers or masses of progressively 85
grealer depth or thickstess in the direttion of -
gas flow as indicated in Figure 1. : .
~The quantities of water supplied to the.
coils 17 successively traversed by the gases
are individually segulsted by means of90.
the valves 9 so as to achieve- the' aforesaid”
desideratom of progressive overall decreage’
of temperature ag indicafed in Figure 2.

Further, said quantities of water may be . .
regelated so as to allow evaporation within 85
the coils with advantageous absorbtion of
Lafge quantities of heat from the gases, and -
with the production of high pressure steam. -

. The high pressure steam issning by way of :
the branches 12 is passed to a boiler 11, 100
wherein it is condensed and thereafter
returned to the coils 17 in the converter, by
means of the puuop 10, in a closed circuit, * -
thereby avoiding the deposition of salts and
impurfties from the water in said coils. - 105

‘An additioral amount of heat can be -
recovered by pre-heating feed water for the
boller 11 in a pre-heater 8, in heat cxchange
with product gases issuing from the catalyst
chamber, which “gases have already been 110
partly cooled in the heat exchanger 7 and ave
farther cooled in the pre-heater 8 for issuing
from the apparatus by way of branch 14. -
The feed water is supplied {o pre-heatcer 8 by
a branch 14 and steam is produced at branch 115
15 of the boiler 11. . . ST

What we claim is e - . -

1. The mcthod of performing gaseous
exothermic teactions over & catalyst, and
particulatly the synthesis of ammmonia or 120
methancl, - ut high temperature and under

ressure, in which the tlemperature is
conirolled hy removing heat.of rescticn by
circulating water through tubes positioned-in -
the interior of the catalyst chamber, charac- 125
terised in that heat is removed by evaporation -
at ‘a plirality of szones, spaced between

layer

sccessively decper calalyst layers in the
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direction of gas flow, of portions of 2 quantity
of water in & comson closed circnit, the
quantities of water evaporated at each zone
ave independently controllable to produce

5 steam at high pressure, the produced steam
is condensed externally by heat exchange
with water to evaporate the latter and form
gtearn at lower pressure, and the condensate
is renirenlated to said zoncs. :

10 2, The method according to claim I,
wherein the reactant gases cniering fhe
catalyst chamber are pre-heated by heat
exchange with issuing preduct gases.

3. The method according to_claim 1,

15 wherein feed water for the production of
steam ai lower pressure by the external
evaporation is pre-fieated by heal ¢xchange
with product gases issuing from the catalyst
chamber.

20 4 The method according to claim 1,
wherein feed water for the production of
stcam at lower pressure by the external
evaposation is pre-heated by heat exchange
with product jszuing from the catalyst

25 chamber, said product gases having been
partly cooled by preceding heat exchange
with Teactant gases entering said chamber,

5. Apparatus - for perforning  gaseous
exotherniic catalytic reactions, and particu-

30 larly the synthesis of ammonia or methanol,
at high temperature and under pressure,
comprising a catalyst chamber adapted to
enclose the catalyst in a plurality of succes-
sively deeper lnyers or massca in the direction

35 of gas flow, a plurslity of heat exchangers

~ interposed one between each adjacent two
of seid layers or musses and spaced at
successively greater intervals in the direction
of gas flow, a pump for supplying water in

common to said hcal exchangers, valve means 40
independently controllable for regulating the
supply of water to each heat exchanger for
the purpose of promoting evaporation of the
water therein to prodmce steamn at high
pressure, a common header for the steam from 45
the heat cxchangers, and a closed external
circuit comprising said header, said pump end
2 boiler in which boiler said steam is con-
densed in indirect heat exchange with a
separate water feed to produce from the latter 50
stcam at lower pressure, the condensate from
the boiler being returned to the intake of said

pUmp.

6. Apparatus according to claim 5, having
a heat exchanger whercin reactant gases 55
entering the catalyst chamber are pre-heated
by product gases issuing from the catalyst
mass.

7. Apparatus according to claim 6, having
a jacket surrounding the calalyst chamber 60
throngh which fhe pre-heated gases are
passed prior {o their entry into the catalyst
chamber, -

8, Apparatus as claimed in any of claims
57, having & pre-heater for boiler feed water 65
by heat exchange with product gases issuing
from the catalyst chamber.

8, Apparatus for performing  gaseous
cxothermic catalytic reactons at high tem-
perature and Tnder pressure, constructed and 70
adapted for aperation substantially as herein-
before described with reference to the
accompanying drawing,

Dated this 24th day of February, 1950

ERIC POTTER & CLARESON,
Chartered Pafent Agenis,
317, High Holborn, London, W.C.L

Redhill: Printed for Her Majesty’s Stalionery Osfice, by Love & Malcomson, Lid.—1952.
Published at The Patent Office, 25, Sonthampton Buildings, London, W.C.8, from which
copies may be obtained.
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