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My invention relates broadly. to processes for
converting given substances into others having
different physical or chemical characteristics as
through the use of a catalytic agent. More par-

§ ticularly my invention comprises novel processes
in the manufacture of valuable products by di-
rect synthesis from their component gases which
are passed at high temperatures under pressure
over a catalyst mass, as for example, the manu-

10 facture of methyl alcohol or methanol (CH3.0H)
from carbon monoxide (CO) and hydrogen, or
the production of synthetic ammonia (NH3)
from a gaseous mixture of nitrogen and hydro-
gen in their combining proportions.: In any in-

156 stance the elements should be combined in their
respective proportions in the gaseous mixture and
then compressed to relatively high pressures and
passed under such pressure over & suitable cata-
lytic agent capable of stimulating the combinga-

20 tlon of the two gases whereby sufficient heat is
produced to maintain the temperatures required
for satisfactory yields.

In the manufacture of methanol from a mixture
of one part of carbon monoxide and two parts of

23 hydrogen by volume which is preferably passed
under 300 atmospheres pressure and at a high

" temperature (300° to 400° C.) over a catalyst con-
taining metallic copper and zinc oxide with recir-
culation of the uncombined gases, success depends

30 almost entirely on the regulation and control of

the temperatures maintained within the catalytic

chamber. .

In the manufacture of synthetic ammonia in-
dustrially by passing the purified gas mixture of
nitrogen and hydrogen under the high pressures
required through a suitable catalyst, preferably
reduced iron oxide heated to a high temperature,
say 400° C. to 600° C., with recirculation of the
uncombined gases through the apparatus, satis-
factory production depends largely, if not almost
entirely, upon similar control of the temperatures
within the catalyst containers. ‘

In industrial operations many dificulties are
& encountered in maintaining the catalyst at an

optimum temperature after being initially heated
from within, since variations of such temperature
in either direction lowers the conversion efficiency

- of the catalyst with decreased yields. It has been

found that too low temperatures greatly decrease
the activity of the catalyst, so that cooling takes
place below that required to maintain the reac-

t

tion, and therefore production of methanol or am--

monia ceases entirely. Under ordinary conditions
88 Of operation the heat produced in the catalyst

ing gas mixture beyond a portion of the heat-

chamber is insufficient to maintain the reaction
unless the ingoing gas mixture is preheated elther
directly or by the hot outgoing mixture after con-
version through heat-exchange apparatus either
separately installed or arranged within the cata- 00
lyst chamber,

Furthermore in industrial practice on a com- )
mercial scale, it has been found that the por-
tion-of the catalyst which first comes in contact
with the gas mixture where the activity is more
intense, may become injured by overheating or
even poisoned by impurities in the gases. Even
though such heat is removed by suitable cooling
surfaces surrounding that portion of the catalyst,
yet local over-heating is likely to occur in the
catalyst mass. Hence it follows that the maxi-
mum life of a catalyst as well as maximum con-
version of the synthetic products are largely de-
pendent upon the temperature at.which such
catalyst operates in producing methanol or. am-
monia as I have stated.

Heretofore removal of the heat of reaction has
been accomplished throughout the catalyst in
practice by use of heat transfer surfaces suitably
disposed within the catalyst mass, but such sys-
tem of control inevitably permits great differences
in temperature in various isolated parts of the
catalyst mass, and especially allows no adequate
control of temperature capable of being varied
with operating conditions to secure optimum tem-
peratures for maximum conversion.

According to my invention I control the tem-
perature throughout the catalyst mass in varying
sections or zones by which the temperature in
the major portion which is last to be reached by 90
the proper gaseous mixture is maintained closely

(1

.to the optimum temperature for maximum

methanol or -ammonia conversion, since the
greater part of the heat generated through the
reaction is liberated in the lesser portion of the.
catalyst mass which initially comes in contact
with the gas mixture entering the catalyst fur-
nace. The temperature control may be attained
by passing comparatively cool gas at various
points within the converter to be circulated there-
in. Furthermore the temperature in the first
section or portion of the catalyst mass is con-
trolled partly by introducing part of the in-flow-

95

100

exchange surface usually attached to the catalytic 105

furnace and partly by the transfer of heat from
the catalyst itself to the incoming flow of the
gas mixture, while the temperature of the sec~
ond, and preferably the major, portion of the 110
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separate portions of catalyst or, if desired, the

_entering gas mixture may be predeterminedly di-

rected by separate connections and regulating
eockswlththegassupplythatallormyportion
of the gas mixture may by-pass either (1) a part
or all of the heat interchanger system; or (2) all

. or any portion of such gas mixture may by-pass

all the heat-interchanger system and the first
portion or section of the catalyst mass, while
maintaining a continuous circulation of the gas
mixture through both catalyst mass and heat-
interchanger with a substantial uniformity of
pressure during passage of the gas mixture from
one portion to the next succeeding portion of the
catalyst mass.

The accompanying drawing represents in ver-
tical section an apparatus adapted for carrying
out the process of my invention. .

The catalyst furnace 1 is arranged in the upper
part of the
and bottom 4 strong enough to withstand the
high pressures employed. The furnace 1 is pref-
erably divided into two parts by the perforated
grate 6 which is preferably located somewhat
abovethemiddleofthemrnneeltoformthe
upper catalyst chamber 6 containing the catalyst
substance 7. with the lower catalyst chamber 8
containing the major portion of the catalyst sub-
stance 9 resting on the perforated grate 10 form-
ing the bottom of the furnace 1. As shown the
arrangement of the two catalyst chambers 6 and
8 is preferably in ‘tandem with the chamber 8
somewhat larger in content than the chamber 8
as will be hereinafter explained. The heat-in-
terchanger 11 is preferably located below the
catalyst furnace 1 as shown; such interchanger
comprises two sections 12 and 13 also arranged
in tandem, the head 14 of the section 12 having
the pipe 15 connected therewith and extending
upwardly through the furnace 1 and opening into
the top of the chamber 6 above the catalyst 7.
The sections 12 and 13 each comprises & series
of vertically-disposed spaced-apart pipes 16 ex-
tending therethrough with the chamber 17 lo-
cated between the two sections 12 and 13. 'The
bottom of the section 13 is formed with the head

18 connected by the pipe 19 extending through '

the bottom 4 and connecting with the gas inlet
pipe 20 communicating by the cock 21 with the
source of the ingoing gas mixture flowing up-
wardly through the pipe 22. To by-pass and
control the volume of the inflowing gas mixture

cylindrical vessel 2 having the top 3

_described refers to the unheated nitrogen hydro-
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connections and cocks connected with the gas in-- -
1086

nowlnthepipezz,suchinnowlnsmmaybeso
directed that all or any portion thereof may by-
pass (a) a part or all of the heat-interchanger

11, or (b) the entire interchanger system and the -

catalyst chamber 6, The separate gas inlet con-
nections through the pipes 20, 23, 25 and 217,

each with its suitable cock, also permit the gas

o enter the interchanger 11 at one or more points,
as well as to the two catalyst chambers 6 and 8. -

One advantage of having the upper and initial-
ly-contacted catalyst 7-of less content than the
final catalyst 9, is that the temperature.in the
larger portion 9 of the catalyst mass may be held
closely to the optimum, since the greater part of
the heat reaction is liberated in the chamber 6
throughout the catalyst 7. PFurthermore the tem-
persturemthecatalystmass7mayalsohecon-
trolled partly by by-passing part of the heat-
interchanger surface and partly by transfer of
heat from the catalyst mass to the incoming gas.
The temperature of the catalyst 9 in the chamber
8 may also be controlled by the admixture of cooler
gas to the gas leaving the upper catalyst 7, and
the temperature of gas entering the final cata-
1yst 9 is also controllable by the sélective arrange-

ment for by-passing part or all of the inter-

changer system 11.

Neither the size, shape or arrangement of the

heat-interchanger and catalyst chambers are es-
sential; a convenient form, as shown, locates the
interchanger in the lower part of the containing
cylindrical vessel 2 with two separate catalyst
bodies in series above the interchangers and
within the same vessel 3. The gas mixture intro-
duced into the circulating system as hereinbefore

gen mixture having some ammonia therein that
is passed into the circulating gas flow before
reaching the catalyst or any part thereof.

1 wish it to be understood that the invention
is not to be confined to the method shown for ef-
fecting the improvements, as such method may
be varied in many ways without departing from
the nature of the invention and without sacrificing
its chief advantages.
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I claim as my invention: :

1. The process of producing ammionia by pass-
ing a gaseous mixture of nitrogen and hydrogen
over a catalysc mass at high temperatures under
pressures below 400 atmospheres which comprises
first passing nitrogen hydrogen mixture through
a separated portion of the catalyst mass, then
introducing cooler nitrogen hydrogen mixture to
the outflowing mixture and thereafter passing
the combined gas flow mixture through another
separated portion of the catalyst of greater con-
tent than said first-mentioned portion with g
substantial uniformity of pressure maintained
throughout said passage through said portions of
the catalyst.

2. The process of producing ammonia by pass-
ing a gaseous mixture of nitrogen and hydrogen
over a catalyst mass at high temperatures under
pressures below 400 atmospheres which comprises
first passing preheated nitrogen hydrogen mix-
ture through a separated portion of the catalyst
mass, then introducing cooler nitrogen hydrogen
mixture to the outflowing mixture and thereafter
passing the combined gas flow mixture through
another separated portion .of the catalyst of
greater content than said first-mentioned portion
with a substantial uniformity of pressure main-
tained throughout said passage through said por-
tions of the catalyst. ) : ’

3. In the process of producing. ammonis by
passing a gaseous mixture of nitrogen - and
hydrogen over a catalyst mass at high
temperature under pressure below 400 ‘atmos-
pheres, the steps, which comprise passing
the gas mixture into direct reaction contact with
a portion of the catalyst mass, and then intro-
ducing additional, comparatively cooler nitrogen
hydrogen mixture to the reacted gas flow from
said portion in controllable amounts and passing
the combined flow through other spaced-apart
portions of the catalyst for further reaction while
maintaining -a continuous circulation there-
through.

4. In the process of producing ammonia by
passing a gaseous mixture of nitrogen and hydro-
gen over a catalyst mass at high temperature un-
der pressure below ‘400 atmospheres, the steps
which comprise passing the gas mixture into di-
rect reaction contact with a portion of the cata-
lyst mass, and then introducing additional com-
paratively cooler nitrogen hydrogen mixture at
a substantial uniformity of pressure to the re-
acted gas flow from said portion in controllable
amounts and passing the combined flow through
other spaced-apart portions of the catalyst for
further reaction while maintaining a continuous
circulation therethrough.

5. In the process of producing ammonia by
passing a gaseous mixture of nitrogen and hy-
drogen over a catalyst mass at high temperature
under pressure below 400 atmospheres, the steps
which comprise passing the gas mixture into
direct reaction contact with a portion of the
catalyst mass, and then introducing variable
quantities of comparatively cooler nitrogen hy-
drogen mixture to the reacted gas flow from said
portion in controllable amounts and passing the
combined flow through other spaced-apart por-

tions of the catalyst for further reaction while

maintaining & continuous -circulation ' there-
through. .

6. In the process of producing -ammonia by
passing a gaseous mixture of nitrogen and hy-
drogen over a catalyst mass at high temperature

under pressure below 400 atmospheres, the ‘steps
which comprise passing the gas mixture into di-
rect reaction contact with a portion of the cata-
lyst mass, and then introducing variable quan-
tities of comparatively cooler nitrogen hydrogen 80
mixture at a substantial uniformity of pressure
to the reacted gas flow from said portion in con-

‘trollable amounts and passing the combined flow

through other spaced-apart portions of the cata-
lyst for further reaction while maintaining a 88
continuous circulation therethrough.

7. In the process of producing ammonia by
passing a gaseous mixture of nitrogen and hy-
drogen over a catalyst mass at high temperature
under pressure below 400 atmospheres, the steps 90
which comprise passing the gas mixture into
direct reaction contact with a portion of the
catalyst mass, and then introducing additional
comparatively cooler nitrogen hydrogen mixture
to the reacted gas flow from said portion in con- 98 |
trollable amounts and passing the combined flow :
through other spaced-apart portions of the cata-
lyst for further reaction while .maintaining a
continuous. circulation therethrough and a sub-
stantial uniformity of pressure during the pas- 100
sage of said gas mixture successively through
said spaced-apart portions of the catalyst mass.

8. In the process of producing ammonia by
passing a gaseous mixture of nitrogqn and hy-
drogen over a catalyst mass at high temperature 108
under pressure below 400 atmospheres, the steps
which comprise passing the gas mixture into di-
rect reaction contact with a portion of the cata~
lyst mass, and then introducing variable quanti-
ties of comparatively cooler nitrogen hydrogen 110
mixture to the reacted gas flow from said portion
in controllable amounts and passing the com-
bined flow through other spaced-apart portions
of the catalyst for further reaction while main-
taining a continuous circulation therethrough 118
and a substantial uniformity of bressure during
the passage of said gas mixtures successively
through said spaced-apart portions of the cata-
lyst mass. -

9. In the process of producing smmonia by 120
passing a gaseous mixture of nitrogen and hydro-
gen over a catalyst mass at high temperature
under pressure below 400 atmospheres, the steps
which comprise passing the gas mixture into di-
rect reaction contact with a portion of the cata- 128
lyst mass, and then introducing additional com-
paratively cooler nitrogen hydrogen mixture to
the reacted gas flow from said portion in con-

‘trollable amounts and passing the combined flow

through other spaced-apart portions of the cata-~ 130
lyst for further reaction, said controllable
amounts being brought indirectly into contact
with said spaced-apart portions of the catalyst,
while maintaining a continuous -circulation
therethrough., ' . 135
"10. In the process of producing ammonia by
passing a gaseous mixture of nitrogen and hy-
drogen over a catalyst mass at high temperature )
under pressure below 400 atmospheres, the steps 140 -
which comprise passing the gas mixture into di-
rect reaction contact with a portion of the catalyst
mass, and then introducing variable quantities of
comparatively cooler nitrogen hydrogen mixture

‘to the reacted gas flow from said portion in con- 148

trollable amounts and passing the combined
flow through other spaced-apart portions of the

‘catalyst for further reaction, said controllable

amounts being brought. indirectly into contact
with sald spaced-apart portions of the catalyst, 150
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while maintaining s continuous circulation

therethrough.
ll.lnamethodo!conducﬂnxanaeomm-,

lytic synthesis under conditions of high tem-

ﬂowlncrromthesddcamystmw.mdthm-
-srterﬂowinzthismlxturethmhsueondand
separated catalyst mass greater in extent than
the former, while maintaining & continuous cir-
culation therethrough. .

RALPH 8. RICHARDSON.
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