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CORPORATION, A CORPORATION OF DELAWARE

APPARA.T‘US FOR EFFECTING SYNTIHESIS

Origivnal application filed Febrliary 2, 1926, Serial No.

1930. Serial

This invention relates to catalytic exother-
wmic gaseous reactions. This application is a
division of my co-pending U. . application
Ser. No. 85,497, filed Feb. 2, 1926, entitied

: “Method of and apparatus for effecting syn-

thesis.” = -

Tn carrying out catalytic
ecous reactions, particularly
the synthesis of ammonia, may be advanta-
pressure, it is neces-
sary that the apparatus be so designed and
the -conditions of operation be such that

exothermic gas-
those which, like

"the gases to react are heated toa temperature,
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. of the reaction.

- action temperature by

- catalyst. In the latte

hereinafter referred to as the “reaction tem--
perature,” at which the reaction will actively
proceed. Otherwise, the reaction will' be

difficult to start and; having been started, may

be extinguished by the t0o cold gases.

" The incoming gases may be brought to re-

heat exchange with

either the hot gaseous products of the reac-
tion or the catalyst. The latter method is-
especially advantageous, since at the same

time that the entering gases ‘are. being
warmed heatis beingremoved from the cata-

lyst. Without some. such provision for re-

moving heat from the catalyst, the excessive

temperature developed may result in unfay-

orable equilibrium conditions, injury to the
catalyst, or in acceleration of undesirable side
reactions.
the incoming gases in heat exchange relation
to the catalyst may comprise passages sur-
rounding the catalyst or tubes within the
- case, the gases may
be made to flow in a single tube orina plural-
ity of tubes, in one or more directions in in-
direct contact with the. catalyst before con-
tacting directly therewith. ‘ ‘

- In operating ‘any"appamtuslfor effecting .
-gaseous reactions 1n .

catalytic exothermic ‘ ‘
which the incoming gases are warmed by heat
exchange with either the exit gases, the cata-

“heating so that the gases will arrive at the

catalyst always at a. temperature just suffi-
cient to permit of the active commencement
Tn practice, there will be
times when, because of fluctuations in the

temperature or composition of the incoming,

‘tions it is designied

The means employed for passing.

85,497, Divided and this application filed March 28,
Wo. 439,652, :

gases, or of other causes, the gases will arrive
at the catalyst at too low a temperature.
Such a condition, as is obvious, though exist-
ing only momentarily, tends toward the ex-

tinction of the reaction.

~One method of safeguarding a process
against such a contingency is to provide an-

excess of heat exchange means so that the

gases when they first contact with the cata-

lyst will be normally at a temperature some-
what higher than the reaction temperature.
In this way, protection is afforded against
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the.occasional circumstance wherein the en- -

tering gases
to extinguish the reaction. This expedient,
while effective with respect to the condi-
to. correct, has certain
disadvantages. 1f sufficient heat -¢xchange
means is provided

tion _tempemture, a  portion.
within the apparatus will necessarily be oc-

cupied by heat exchange means which, dur-.

ing the greater part of the time, is superflu-
ous.
tion of space is generally undesirable, it is
particularly so in the case of high pressure

syntheses which must be effected in appara-

tas of the smallest possible size in which all
available. space should be occupied by the
catalyst. A second disadvantage arises

“from the fact that the higher the tempera-
ture of the gases as they first contact with the-

catalyst, the more rapidly they will react and
the greater will be the evolution of heat; and,

" this effect being cumulative, the greater will

B the chances for excessively high tempera-
tures in the first portions of the catalyst.
The bad effects of such high temperatures
‘have previously been pointed out. ‘

Tt is the object of the invention to provide

lyst, or both, it-is impossible to control the v.a"method of and apparatus for effecting cat-

alytic exothermic gaseous reactions whereby

are abnormally cooled and tend:

to insure that the gases

- first contacting with the catalyst are nor-
mally at a temperature higher than the reac- -

of the space:

‘While stich. an uneconomical utiliza- .
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“theé entering gases are heated to and main- -

tained. at the reaction temperature ‘and ‘the

catalyst is at the same time prevented from

. reaching temperatures which are either so
“high as to be detrimental thereto or to the
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efficiency of the reaction, or too low to accom.
plish the purpose.

Other objects and advantages of the in-
vention will be apparent as it is better un-
derstood by reference fo the following speci-
fication and accompanying drawings, in
which '

Fig. 1is a cross-sectional view of one form
of apparatus adapted for use in the practice
of the invention; :

Fig. 2 is'a similar view of a different form
of apparatus; and ,

Fig. 8 is a similar view of another form of
apparatus. »

I have discovered that the disadvantages
above referred to may be largely eliminated
if the heat exchange means employed for
~warming the incoming gases is filled either
wholly or in part with a catalyst for the Te-
action being carried out. If sufficient cain.

- lyst is disposed in this fashion the gases will
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be in contact with catalyst when and as they
first reach reaction temperature, whether
that be when they are in the first or last parts
of the heat exchange means or when in con.
tact with the main body of catalyst.. Since
reaction will begin just as soon ss the tem.
perature of the gases permits it, there will
thus be no unnecessary heat exchange means
occupying space which should be filled with
catalyst. ,

My invention also possesses certain note-
worthy advantages with respect to the effi-
cacy of the hea? exchenge means. If the
latter contains catalyst, the mass velccity of
the gases - passing. through it will be in-
creased, and, as 1s well known, such an in-
crease will result in more efficient heat trang-
fer. If the catalyst is present in the heat ex-
‘change means, the particles of catalyst will

act as baflles for the gases and insure better

contact of the gases with the wallg through

- which heat is to be transferred.
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I have previously referred to the desira-
bility of preventing development of exces-
sive temperatures in the first portion of the
catalyst. In most cases it is found conven-
ient to have the cross-sectional area of the
heat- exchange bassages somewhat smaller
than that of the space occupied by the main
body of the catalyst. By placing catalyst
within the heat exchange means the space
velocity of the gases as they first contact

- with the catalyst will be made higher than

56

-the value during subsequent contact. (The
space velocity is the hourly gas flow per unit
volume of catalyst under standard condi-
tions of temperature and pressure).” This

_higher space velocity will decrease the vio-

.80

lence of the reaction in the first parts of the
catalyst and ‘therefore oppose. the develop-
ment of very high temperatures.

" The nature of my invention, as well ag the

.advantages described and others which will

be obvious to those skilled in the art, will

be made clear by the following description
of a form of apparatus in which the invention
is applied. Referring to Fig. 1 of the draw-
ings, the apparatus COMprises a pressure-
sustaining wall A enclosing a catalyst cham-
ber B within which is shown tubular heat
exchange means C for bringing the gases to
reaction temperature by passing them in in-
direct contact with the catalyst and the re-
acting gases. The interior of B including
the space within the tubes C is filled-with
catalyst.

The gases which are to react enter the appa-.

ratus through the opening D communicating
with the annular passage B through which
they flow in heat exchange relation to the
hot gaseous products of the reaction which
are leaving the apparatus in the opposite
direction by way of the tube F. From B the
gases flow up around the reaction chamber
B and between it and the pressure-sustaining
wall; thereby simultaneously being warmed
by the catalyst in B and protecting the wall
A from the heat of the reaction. The gases
enter the reaction chamber through a pla-
rality of tubes C; while passing  down
through these the gases are warmed by heat
transfer from the catalyst and preceding por-
tions of reacting gases surrounding the tubes.
Leaving the tubes C the gases pass in the re-
verse direction in contact with the main body
of the catalyst. Tt will be seen that with
this arrangement the gases will be able to
react as soon as their temperature is suffi-

-ciently high even though this oceurs before

they reach the main portion of the catalyst.
The products of the reaction escape from the
apparatus through the conduit F.

As T have already indicated, under some
circumstances it may be sufficient to fill the
heat exchange means such as O only partially
with catalyst. In fact, in some cases this
may be particularly adyantageous, especially
if it is done in the special manner which con-
stitutes another phase of my invention. I
have found that improved results may be
obtained in carrying out exothermic gaseous
reactions if catalyst is disposed within the
heat exchange means in such a-fashion that

the gases undergo partial reaction in contact

with that catalyst, are then cooled out of
contact with catalyst by heat exchange with
the main body of the catalyst, and are subse-
quently brought into direct contact with fur-
ther catalyst. The advantages of this modifi-
cation of my invention will be apparent from
the following discussion.

Assuming that the gases going tothe reac-
tion have been properly warmed, and remem-
bering that a rise in temperature increases the
velocity but is unfavorable to the equilibrium
of an exothermic reaction, it will be seen that
as the warm gases first contact with the cata-
lyst reaction will take place with evolution of
heat and more and more rapidly until a bal-
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“tion of products already
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ance is established between the temperature
attained and the equilibrium conversion cor-
responding to that temperature. The con-
version brought about by further portions of
catalyst over which the gases pass will be
limited by the extent to which the gases are
allowed to cool in contact therewith. As the
temperature falls and conversion proceeds
accordingly, the reaction is continually op-
posed by the nearly equilibrium concentra-
present. Moreover,
the process of the reaction is handicapped
by this opposing influence throughout the
course of the cooling process, and the more so
the more nearly the equilibrium conversion
is attained at each successively lower tem-
perature. '

Tn connection with the preceding discus-
sion it should be noted that there isa region
of maximum reaction and temperature. lo-

‘cated in the first portions of the catalyst with

which the gases contact and that the tem-
perature of the gases in contact with the latter
portions falls as the intensity of the reaction
diminishes. In fact, I have observed in car-
rying out the synthesis of ammonia not only
that the temperature of the gases decreased
markedly after they passed the zone of
greatest reactivity but that the last portion of
catalyst (amounting to as much as 15% of the
whole) was below the reaction temperature.
Under the conditions contemplated in my
invention, after the gases have been initially
passed over the catalyst, have been removed
therefrom and cooled, (but preferably not
below the reaction temperature), and are
again brought into contact with catalyst, the
concentration of products present will be
further removed from the equilibrium value
than at any point in the cooling process de-
scribed in the preceding paragraph; there-
fore, the back pressure effect of the products
already formed will be less marked and the .
total product per unit volume of catalyst will
be greater.. Further reaction will now take
place under somewhat the same conditions
and in largely the same way as when the
gages first contacted with the catalyst. That
1s to say, the reaction will proceed with evo-

. lution of heat and very rapidly until a bal-

ance is established between the temperature
attained and the equilibrium conversion cor-
responding to that temperature. ‘The maxi-
mum temperature reached will, of course, be
somewhat lower than during the initial pas-
sage of the gases through the catalyst. . Tol-
lowing this, further conversion of the gases
may be effected by allowing them to cool in
contact with the catalyst in the usual way.

The cooling which takes place after the
first passage of the gases over catalyst I pre-
fer to effect by conducting the gases in heat
exchange relation to the catalyst over which
they are subsequently to pass. This catalyst
is capable of removing heat from the gases-

since
the C(’)nditions stated only the first portion of
this catalyst will be at a maximum tempera-
ture and this maximum will normally be

Jower than the highest temperature obtained

as has been previously indicated, under -
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by the gases in their first passage over .

catalyst. ~
The manner of carrying out the invention

will be understood from the following de- .
scription of its application in the apparatus.
“¢hown in the Figure 2. The apparatus illus-

trated consists of a pressure-sustaining wall

A surrounding a catalyst chamber B which -

contains & main body of catalyst C.  Within

the catalyst chamber B is a U-shaped tubular
heat exchange means G for bringing the in-

coming gases to reaction temperature. The
heat exchanger G is partly filled with catalyst
IC. The gases to react enter the apparatus

through the opening D from which they pass ©
“through the annular passage I, wherein they

are warmed by heat exchange with the oppo-
sitely flowing stream of gaseous products 1n
the tube F.  From the passage I they flow

up between the catalyst chamber -and -the |

presure-sustaining wall, entering the former
by way of the heat exchanger G. The heat
exchanger G is proportioned and sufficiént
catalyst is placed therein to insure that the
incoming gases will be in contact with cata-
lyst as soon as they have reached reaction
temperature. 'The gases arriving in contact

‘Wwith the catalyst in the heat exchanger G at

approximately reaction temperature reach
exothermically. - This continues with rapidly
rising temperature until at H the gases pass

exchanger G, are cooled by heat exchange
with the main body of the catalyst. = An elec-
tric heating coil L+ is provided, by means of
which heat may, if necessary, be added to
bring the gases to the temperature desired be-
fore the gases pass into ¥
main body of the catalyst. - Leaving the heat

contact ‘with' the
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out of contact with the first portion of he -
catalyst and, while flowing through the heat
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exchanger G the gases flow into contact with .

the main body of the catalyst. Here they

again react with rising temperature until'a "

point is reached at which: the temperature
begins to fall. Thereafter further conver-
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sion occurs only as the gases are allowed to

cool in contact with the catalyst. This cool-
ing is produced by means of the cold incom-

“ing gases passing in the annular passage J:
The gases escape from the apparatus by way.

of the tube F. - ; ,

In Fig. 3 is illustrated a second type of
apparatus in which my invention is applied.
Tt consists of a pressure-sustaining wall A
surrounding a reaction chamber B and a gas
inlet and outlet D and F. The reaction cham-
ber B is so arranged as to comprise a main
reaction chamber K filled with catalyst and,
enclosed *therein, -a- preliminary’ Téaction

cha,m'ber L likewise filled with catalyst. "The .
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gases entering the apparatus through the in-
let D pass up through the passage T and
thence between the pressure-sustaining wall
and the reaction chamber and enter the lat-
ter through the conduit M, while passing
through which they are warmed by and cool
previous portions of the gases which have
already partially reacted. Leaving the con-
duit M by way of the orifices N, the gases con-
tact with catalyst, the preliminary heat ex-

- change being so proportioned that the gases
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will be at reaction temperature when they -

contact with catalyst in the reaction chamber
L. Here reaction will take place, the gases
being withdrawn from the reaction chamber
Lby way of the passage O before the temper-
ature has become excessive. While passing
through the passage O the gases are cooled
simultaneously by the entering gases in the
conduit M and the main body of the catalyst
in the reaction chamber X. The gases enter-
ing the reaction chamber K by way of the
orifices P are still at or slightly above reac-

_tion temperature, so that they will react in

contact with the catalyst in the reaction
chamber K until a balance is established be-
tween the temperature attained and the fall-
ing- value of the equilibrium conversion.
Further reaction will then occur only as the
gases are cooled by radiation effects and by
heat exchange with the entering gases in the
passage O. It is, of course, possible that
this cooling may be too great so that the tem-
perature of the gases is below that at which
reaction can proceed at a practical rate. My
apparatus is designed to take care of this

possibility by having the preliminary reac-

“tion chamber I (in which heat is developed)

EN
5]

in juxtaposition to that portion of the cata-
lyst in the reaction chamber K where there
is danger of the temperature becoming too
low.

It is desirable to provide some means for
temperature control such as an electrical
heating coil. This is preferably inserted in
the apparatus in such a way that heat is im-
parted to the incoming gases at a point as
near as possible to that at which they first
contact with the catalyst.

From the foregoing it will be observed that
I have avoided the difficulty of excessive
waste space within the catalyst devoted to
Leat exchange and that I have at the same
time provided for the more éfficient main-
tenance of the necessary temperature condi-
tions, particularly with reference to the re-

- moval of surplus heat from the catalyst and

60

the distribution of heat at those regions
thereof in which there is a tendency to at-
tain a temperature too low for effective con-
version,

Various changes can be made in the de-
tails of operation and in the structure and
arrangement of the catalyst receptacle and
heat exchange means without departing from

1,809,291

the invention or sacrificing any of the ad-
vantages thereof.

I claim:

1. An apparatus for effecting catalytic ex-
othermic gaseous reactions, which comprises
a receptacle for the main body of the cata-
lyst and a U-shaped tube extending into the
receptacle and permitting heat exchange be-

-~
>

tween the entering gaseous mixture and the

main body, said tube enclosing another por-
tion of the catalyst in the path of the gaseous
mixture.

2. An apparatus for effecting catalytic ex-
othermic gasecus reactions, which comprises
a receptacle for the main body of the catalyst
and a U-shaped tube extending into the recep-
tacle and permitting heat exchange between
the entering gaseous mixture and the main

‘body, said tube being filled with catalyst.

3. An apparatus for effecting catalytic ex-
othermic gaseous reactions under elevated
pressures, which comprises the combination
of a pressure-sustaining wall enclosing a re-
ceptacle for a main body of catalyst and
spaced therefrom to form an annular gas
passage, and a U-shaped tube communicating
with said annular gas passage and extending
into said receptacle and permitting heat ex-
change between the entering gaseous mixture
and the main body, said tube containing cat-
alyst. :

In testimony whereof, I affix my signature.
ROGER WILLIAMS.
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