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This invention relates to methods of and
apparatus for effecting catalytic exothermic
gaseous reactions under pressure..

It is generally recognized that in-order to

» obtain the most satisfactory results in con-

~)

1

50

ducting catalytic gaseous reactions care
should be taken that the gases employed do
not contain any catalyst poisons, that is, sub-
stances tending to decrease the activity of the
catalyst. In the case of some gaseous reac-
tions the usual source of the gases is such
that they are likely to be contaminated with
catalyst poisons, the removal of the last traces
of which is extremely difficult. In-certain

- cases of this-character it has been found that

the complete elimination of these difficultly
removable impurities can.be accomplished by
contacting the gases directly before delivery
to the catalyst for the main reaction with a

+ body of contact material, hereinafter re-

ferred to as a “purifier catalyst”, this being
a ‘material adapted- to absorb the poisons
and/or to convert them into substances that
can be relatively readily removed from the

; gases. For instance, in the synthesis of am-

monia from a gaseous mixture of nitrogen
and- hydrogen contaminated with small
amounts of carbon monoxide. the last traces
of the latter can be removed by passage of
the gaseous mixture over a methanating cat:
alyst; by means of which the carbon mon:
oxide is caused to react with hydrogen to
form ~methane and water. Such small
amounts -of methane as are produced have

: little or no effect upon the ammonia synthesis

and the water produced can be condensed or
otherwise removed from the gases before
delivery thereof to the ammonia catalyst.
Similarly, in the synthesis of liquefiable or-
ganic compounds from carbon monoxide and
hydrogen and in the production of hydrogen
by the reaction of steam'and carbon mon-
oxide, the elimination of very difficultly re-
movable organic compounds of sulphur may

5 be necessary before the gases are submitted

to catalysis. This final purification may ad-
vantageously be effected by passage of the
gaseous mixture over a catalyst that will
convert the organic sulphur compounds into
hydrogen sulphide, which may then without
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difficulty be removed by absorption in al-
kaline reagents before the gases are passed
over the catalyst for the main reaction, Or
the purifier catalyst may be a material adapt-
ed not only to convert the organic sulphur
compounds into hydrogen sulphide but-also
to absorb the latter together with any hy-
drogen sulphide originally present. ‘

A common characteristic of these methods

of final gas purification is that, generally -

speaking, it is necessary that the contact mass
employed for the purpose be maintained at-a
somewhat elevated temperature. In view of
the fact that this type of purification involves
the removal of only relatively small quan-

- tities of impurities; the amount of heat that

may be developed by the purification reaction
is only slight as compared with the amount
required to raise the whole body of gas to
the temperature at which it is to contact with
the purifier catalyst. The heat of reaction is
usually so small, in fact, that it does not give
sufficient temperature rise to make heat in-
terchange between exit and inlet gases feasi-
ble unless said temperature rise is greatly
augmented by heat supplied from some other
source. The prior method of effecting this
final purification has, therefore, not :only
involved the use of a purifier converter sepa-
rate from the producer converter but hasalso
required suitable heating means for provid-
ing. the necessary purifier catalyst tempera-
ture.. In the case of reactions that are effected
under high pressures the final cost of-the
products is in large part determined by the

number and size of the pressure-resisting

reaction vessels employed and consequently
the necessity for using a separate and inde-
pendently heated and controlled purification
apparatus may represent a considerable item
of expense. ’

At the same time it is recognized that in

gaseous exothermic reactions as hitherto con-

ducted there has frequently been a consider-’
able waste because of failure to utilize with
a high degree of efficiency the heat-developed
by the reaction. i .

It is the object of the present invention to-
provide an improved process-of and “ap-
paratus for effecting catalytic exothermic
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gaseous reactions under pressure and the final
purlﬁcatlon of the gases employed in such
reactions, the invention being partlcularly
characterized by lmprovements that make
possible -a simplified operation and .control
and ‘an improved overall thermal efficiency,
and otherwise contribute to a greater econ-
omy in the process.

Other objects and advantages of the inven-
tion will-be apparent as it is better under-
stood by reference to the following specifica-
tion and to the accompanymw drawmcfs in
which—

Figure 1 is a diagrammatic representatlon

of one arrangement of apparatus suitable -

for use in the practlce of the invention and—

Figure 2 illustrates another form of -ap-
paratus

In accordance Wlth the present invention,
where separate purifier and producer catalyst
tubes are used, the relatively cool compressed
gases going to the purifier catalyst are passed
in heat exchahge relation to but out of di-
rect contact with the producer catalyst, for
example by passage between the body of
producer catalyst and the pressure-sustaining
wall enclosing it. By this means the gases
acquire the temperature necessary f01 the
functioning of the purifier catalyst and simul-
taneously . The pressure-sustaining wall en-
closing the producer catalyst is protected
from the heat thereof. The thus warmed
gases are conducted over the purifier catalyst
and in contact therewith the desired. purifics-
tion reaction is effected. Before delivery to
the producer catalyst the gases may then be

treated for removal of products .of the

purification reaction and the temperature of
the gases may be adjusted, for example, by
heat exchange with the hot, gases leaving the
producer catalyst By. thls procedure the
necessity for supplying heat from an ex-
ternal source to warm the purifier catalyst
is eliminated. At the same time, since the
maximum temperature at which the com-
pressed gases can safely be handled after and
while using them to cool the pressure-sustain-

ing wall 15 generally in excess of that re--

quired for-operation of the purifier catalyst,
it is possible by the provision of a suitable
arrangement of apparatus to make the puri-
ﬁcatlon reaction not only thelmally seif-
sustaining but quite easy of control. For in-
stance, if the apparatus is designed so that
the temperature attained by the gases. in
cooling the pressure-sustaining wall sur-
rounding the producer catalyst is normally
somewhat in excess of that required for the

‘purifier catalyst, a certain amount of the

gases may be sent direct to the purifier
catalyst without contacting -them with the
producer tube pressure-sustaining wall and
such occasional regulation of the tempera-
ture of the purifier catalyst as is found neces-

“sary may be effected by varying the propor
tion of gases so by-passed.

It will be apparent that the present in- ~

vention presents a distinct improvement over
the prior method of conducting the final puri-
fication, which involved the provision of in-
dependent heating and temperature control
means and took no account of the considera-
ble amounts of heat present in-and necessary

to be removéd :from the producer tube.. In

the process herein described the heat avail-
able from the main reaction, and which must

“be rémoved to afford the necessary protection

0

75

for the pressure-sustaining wall, is efficiently

utilized to provide the reqmred temperature
for the purifier catalyst, with a considerable

80

increase in the economy of the process and

algo an improvement in the s1mpl101ty of op-
eration .and control.

As a further feature of the invention I
have discovered that the foregoing principle
may be applied with partlcular advantage by
disposing the purifier catalyst within the
pressure-sustaining wall that-.encloses-.the
producer catalyst. - This arrangement elim-
inates the need for a séparate pressure-sus-
taining vessel for the purification operation,
thereby reducing the cost-of equipment, and
at the same time simplifies the operation and
control of the process and improves the ther-
mal efficiency thereof. For by disposing the
catalyst in juxtaposition-to, and within the
same apparatus as, the producer catalyst a
more efficient utilization of the heat of the
main reaction in supplying the temperature
required for the purifier catalyst is attained.
It will be seen that thereby the purifier cata-
lyst can be warmed not only by the gas stream
that has previously contacted with the hot
pressure-sustaining wall but also by direct
transfer of heat from the hot producer cata-

lyst. . This transfer of heat may be effected

with particular advangage if the purifier
catalyst is disposed in hedt exchange rela-
tion to the producer catalyst, for example,
within a reaction chamber surrounded by
the: compartment containing -the producer
catalyst. - Where this modification of the in-

85

90 -

100

110

vention is employed it is also found advan- .

tageous to utilize a form of apparatus which
makes possible the withdrawal of: the gases.

therefrom after they have contacted with the
purifier catalyst so that they may be- sub-
jected to such further treatment as may be
desired before delivering them -to the pro-
ducer catalyst. This treatment will in most
cases consist in eliminating those products of
the purification reaction which should be re-

~moved, as, for example, by condensation of

llqueﬁable compounds or by absorption of the
products by suitable reagents. At the same
time, or alternatively, the gases, having been
Wlthdrawn from the main apparatus, may be
conveniently subjected to such regulation of

temperature as 1s desired before “bringing -
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them into contact with the producer catalyst.

The objects and advantages of the inven-
tion hereinbefore referred to and others ob-
vious to those skilled in the art will be made
more clear by the following description and
the drawing in which Figures 1 and 2 repre-
sent diagrammatically two forms of appar-
atus adapted for use in the practice of the
invention. :

Referring to Figure 1 of the drawings, the
principal features of the apparatus are two
pressure-resisting reaction vessels, A and
B, the former containing the purifier catalyst
and the latter the producer catalyst. The
producer catalyst is disposed in a catalyst
container C surrounded by a pressure-sus-
taining wall D spaced therefrom and thus
forming an annular gas passage E. The com-
pressed gases that are to react are delivered
to the apparatus - B through the inlet F
whence they flow through-the passage E
wherein they are warmed by the heat of the
reaction taking place in C and at the same
time they protect the wall D from the heat
of the reaction. The gases thus heated are
withdrawn from B at G and are conducted
thence to the purifier tube A in which they
contact with the purifier catalyst disposed
therein. From A the gases are delivered to
H which represents gas regulating means.
employed for removal of the products of the
purification reaction and/or for adjusting
the temperature of the gases before delivery
thereof to the producer catalyst in C by way
of the inlet J. The gases which have reacted
in C are withdrawn through the outlet K
and after separation of the desired products
the unreacted gases;, together with fresh
gases, may be returned to the same or a sim-
ilar apparatus for further treatment.

By provision of a by-pass conduit I with
valves M and N a portion of the gases, in-
stead of being conducted through the pas-
sage I&, may be delivered direct to the puri-
fier catalyst. This arrangement is useful in
starting the operation of the apparatus and
also in taking care of emergencies where it is
desired to pass more or less than the normal
amount of gases through the passage E be-
fore delivery thereof to the purifier catalyst.

Figure 2 represents diagrammatically a
modified arrangement of apparatus in which
the producer catalyst and the purifier cata-
lyst are disposed within the same pressure-
sustaining wall and in fact are in heat ex-
change relation to.one another. ,

Referring to Figure 2, A represents a cy-
lindrical catalytic converter comprising a

pressure-sustaining wall B enclosing a reac-

tion chamber C spaced from the wall to form
an annular gas passage D.  The reaction
chamber consists of two compartments—an
inner, E, containing the purifier catalyst;
and an outer, F, containing the producer cat-
alyst. Gasinlets G and H, and outlets K and

N are provided. A conduit- M leads. to the
converter A from a source of compressed
gases for the reaction and conduits N-and O
connect it with a separate gas. regulating
means P in which the gases after contacting 40
with the purifier catalyst may be treated be-
fore delivery to the producer catalyst.

In employing the apparatus the -com-
pressed gases, containing small amounts of
impurities, are delivered by the conduit M 76

to the reaction apparatus entering the latter

through the inlet G. Thence they flow
through the annular gas passage D wherein
they protect the wall B from the heat of the

reaction. and at the same time are warmed. :80

Thus heated the gases are passed over the
purifier catalyst E. The resulting gaseous
mixture is withdrawn from the apparatus by
way of the outlet H and is delivered through
the conduit N to the apparatus P.  Here the :85

-compressed gases are cooled, and subjected

to such treatment as ‘is desirable before ‘ef-

fecting the main reaction; the products of

the purification reaction may be removed
and/or the temperature of the gases may be 82
adjusted, for example. The purified gases
are then returned through the conduit O to
the apparatus A which they reenter
through the inlet H. Thence the gases
are delivered to the producer catalyst. The 85
gases leave the apparatus at K and are treat-
ed, in apparatus not shown, for removal of
the products. The residual gases may, if
desired, be mixed with fresh compressed
gases and returned to the same or a similar 109
apparatus for further reaction.

It will be understood that the invention is
not limited to the use of any particular sub-
stance or substances as purifier catalyst or
producer catalyst, it being obvious that the 10
specific nature of the catalyst will depend
upon the reaction to which the invention is
applied, the character and quantity of the
impurities in the gases and other considera-
tions. For example, in the synthesis of am- 110
monia from a gaseous mixture of nitrogen
and hydrogen containing traces of carbon
monoxide, the producer catalyst may be a
mixture of iron, potassium oxide and alumi-
num oxide, while the purifier catalyst may 1%
be a mixture of cobalt and magnesium oxide
or, indeed, it may actually have the same or
substantially the same  composition as the
ammonia forming catalyst.. On the other
hand, in the synthesis of methanol and the 120
like from a mixture of carbon monoxide and
hydrogen containing organic sulphur .com-
pounds, the producer catalyst may be a mix-
ture of zinc and chromium oxides and the
purifier catalyst a mixture of copper and zin¢
oxide. '

From the foregoing description the gen-
eral principle of the invention and the man-
ner of the practical application thereof will
be apparent and it will be obvious to those 57
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skilled in the art that the process and ap-
paratus described may ‘be applied with ad-
vantage in carrying out many gaseous reac-
tions including those hereinbefore specifical-
ly referred to and others not mentioned.

Various changes may be made in -the
method and apparatus described without de-
parting from the invention or sacrificing any
of the advantages thereof. :

I claim: : ,

In an apparatus for effecting catalytic ex-
othermic gaseous reactions under pressure -
the combination of a purifier catalyst cham-
ber and a producer catalyst chamber sur-
rounded ~ by separate . pressure-sustaining
walls, the pressure-sustaining wall surround-’
ing said producer catalyst chamber being
spaced therefrom to form an' annular gas
passage; means to deliver compressed gases
to said passage and means to convey the
gases therefrom to the purifier catalyst cham-
ber and means to return the gases from the
purifier catalyst chamber to the producer
catalyst chamber.

In testimony whereof, I affix my signature.

JOHN A. ALMQUIST.



