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COMPLETE SPECIFICATION.

Process and Apparatus for Catalylic Gaseous Reactions.

We, Du Poxr Avmowia (lORFORATION, &
Corporstion orgauized and existng
the lawe of the Statc of Dalawars, United
States of America, of Wilmington, Dela-
warve, United States of America (_Essignees
of Jomw ApmiTrR Atmguisy, & Citizen of
the United States of America, whose
Eostal address is ¢fo Du Pont Ammonis

orporation, 1007,  Market  Stzeet,
Wilmington, Delaware, United States of
America), do hereby declare the mature of
this invention and in whet masner the
same i to be performed %o bo parkicu-
larfy described and ascertained in and. by
the following stwtement —

This fnvention relutes fo metheds of and
apporatus  for  effecting  cafalylie ezo-
hermic gaseous rewctions under pressure.

It is generally recognived that in order
to obtain the most satisfactory results in
conducting ocatalytic gasecus reactions cars

should be tolken that the gases employed

do not contain any catalyst poisons, that
fs, substsnces tending to decremsc the
activity of the oatalyst. In the caso of
game gaweous repclions the wsual source
of the gages is such that they are likely
to be contaminated with eatalyst poisons,
the removal of the last trecos of which s
extremcly diffieplt, In certsin cases of
this character it has been found that the
complete climination of these difficultly
removable inpurities can be accomplished
by Tbringing  the gases directly before
delivery to the caia for the main re-
aotion. into contact with & body of contach
meterinl, hereinafber referrcd o as 2
“ purifier oatalyst , this being a material
adapted to absorb the peisons andfor to
convert them infe substances that can be
relatively readily removed from the pases,
Tor instance, it the synthesis of ammania
from a pgaseous mizbure of nitrogen and
hydrogen  comfaminated  with  small
amounts of carbon monoxide the lasb
traces of the latter can bo removed by pas-
page of the gaseoms mixbure over a
methanating catalyst, by means of which
the carbor monoxide iy ecansed to reach
with hydrogen to form methane and water.
Boach small amounts of methane as ars
produced have little or uo offect upon the
ammonia synthesis and fthe water pro-
[Price 1s.] :

under

- of impurities, = the

duced can bo oondensed or ofherwise
removed from the gases hefore delivery
thersof to the ammoniz  cafalyst.
Similazly, in the synthesis of liquefiable
organic corapounds from carbon monoxide
and hydrogen and in the production of
hydrogen by the reaction of sbesw, and
carbon monoxide, ihe elimination of very
diffienlthy removable organic compounds
of sulphur may be nccessary hefore the
gasey are submitted o catalysis. This
fnal purification may sdvantegeously be
eiected by wpassags-of the gaseous mixture
over & catalyst that wili convers the
organic sulphur compounds info hydrogen
sulphide, which may Ghen without diffi-
culty be removed by abgorption in
slkaline reagents before the gases are
passed over the catalyst for the main re-
action. Or the purifier cafalyst may be
a material ada,pteg not only to convert the
arganic sulphur eompownds into hydrogen
sulphide but_also to absorb the latter
together with  eny hydrogen sulphide
originally present.

‘ commen characterigtic  of these
methods of final gas pwrification is thab,
geperally speaking, it is necessory thai
the.contuct mass employed for the purpose
be maintained at & somewhat elevated
temperature. Jun view of the fact that
this type of purificslion inyolves the
removal of only relatively small quantities
amount of Theat
thut may be developed by the puri-
fication renetion . is~ only slight as
compared . with , the amount required to
taise the whole:hody of gas to the fem-
peraturs @t which it-is to contact with the
purifier catalyst. The heat of reaction is
nsually so small, in fach, that it does not
give sufficient temperature rise to mwke
heat interchonge. bebween exit and inlet
gases feasible wnless said temperature rise
js grestly augmenfcd by heat sapplied
from some . other somrce, The prior
method of effecting this final purification
hes, therefore, not only involved the wuse
of = purifier converter separste from the
producer converter but has also required
guitable heating means for providing the
necessary purilier . catalyst temperature.
T the case of rcactions that are effected
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under high pressures the final cost of the
products 1= in large part determined by

“$he nuber and size of the pressure-resist-.
“ing reaction vessels employod and conse-

wently the nevessiby for using @ separate
g:nd. igdeilendenﬂy hented Sau;l%l congra(‘}lled
purifieation. apparatus Mmay represent @
congiderable item of cxpense.

A% the same time it is recognised thet in

gaseous cxnthermic reactions as hitherto
conducted there has frequently béen o
considerable waste hecanse of failure to
utilice with a high degree of efficlency the
heat developed by fhe reaction.
Y is the object of the present Invention
to provide an improved process of and
apparatus  for effecting eakalytic exo-
thermic gaseous Teactions under prossurs
and the final purification of the geses
employed in such reaction, the invention
Teing  particularly characterised by
improvements that make possible a simph-
fied operation and control and an improved
overall thermal efficiency, and otherwise
contribute to a greater cconomy in the
TOCASE. : :

Qther objects and advantu,g_ea of the -
ent ay 1t is hebber .
anderstood by reference to the following -

inyention will be appar

specification and to the accompanying
deawing, which is a diagrammatic repre-
sentation of one mangment of apparabus
suiteble for use in the practice of tha
invention. - )

In nccordance with the present inven-
tion, where separate purifier and produces
catalyst tubes are used, the zelatively eool
cornpressed gases going to the purifier
oatalyst arc passed in heab exchonge rela-
tion %o but ouk of direct contuct with the
produser catalyst, for example by possage
hetween the body.of producer catalyst and
the pressure-sustaining wall enclosing it.
By this means the gases acquire the fem-
perature necessary for the frmetioning of
the purifier ocatalyst and gimultanecusly
the pressure-sustaining wull enslosing the
gmdueer catolyst is protected. from the
et thereol. The thus warmed gases are
eonducted over the purifier cafalyst ond in
contact therewith the desived purificalion
reaction iz effected. Before delivery to

the producer catalyst the gases may ther

he trested for removal of products of the
purification reaction and the temperature
of the gases may be adjusted, for example,
hy heat exchangs with the hot gaces Jeav-
jng the producer catalyst. By {his -
cednre the nscessity for supplyiog Eé:t
from an exbernal source to warm the puri:
fier oatalyst is climinated. At the same
time, since the mezimum temperature ab
which the compressed gases can be safely
handled after and wiile using them fo
ool the pressure-susteining wall is

gencrolly in excoss of that required for
operation of the puifier eatalyst, it iz pos-
sible by the provision of w® suitahble
arrangement of apparstus to muake tha
purification rcaction 1ok only thermall
solf sustaining but quite easy of comtrol.
For instance, if the apparaius is designed

" so -that the temporature atbained by the

gases in cooling the pressurc-sostaining
wall swrounding the producer catalyst is
normally somewhat in excess of that
vequired. for the puritier eatalyst, a certain
amount of the gases may be sent dircet t0
the purifier cabalyst withouti bringing
them ‘into contect with the producer tube
Pressure-SIStaining wall  and  such
occasional reguletion of tie temgera;ture
of the purifier ca.ta;lz{st as is found neces-
sary may be effected by varying the pro-
portion of gases so hy-passed.

To will be apparent thab the prosent
invention presents a disbined improvement
ovep the prior method of condneting the
final parification, which involved the pro-
vision of independemt hesting and tem-
perature control means and took no aceount

£, the considerable amounts of hent
frésent . in and necessary o be removed
E‘mﬁ?:ﬁhe prodneer tube. In the process
lioreln described. the heat available from
the majn. reaction, and which must be
removed fo afford the necessury protection
for -the . pressurc-sustaining wall, is
efficiently utilised to provide the requived
tempersdure for the purifier eatalyst, with

-2 considerable increase in the economy of

the procesy sad also an improvement In
the simplicity of opsration an sontrol.

The ohjects end advamlages of the
invention .hereinbelore referrcd to and
others obvions to those skilled in the ard
will be rade more clear by the following
dsscription and the drawing representing
diagrammatically a form of apparatus
adapted for use in the practice of the
invention. _ . _

Beferring to the drawing, the prineipal
features of the apparatus are-two prossurs-
resisling reaction” vessels, A and B, the
former containing the purifier catalyst and
the lattor the produces. ocatalyst. The
producer cabalysh is disposed in a cabalyst

‘pontainer O surrounded by & pressure sus-

[ SITREE

:tmmﬁg".-'Wa.II D spaced therefrom and thus

forming an_ ann gas passege . ‘The
compressed gases that are to reast are
delivered t6 the apperatus B through the
inlet' ¥ whence they flow through the pas-
sage E wherein they are warmed by the
heat of the reachion loking place in
and at the same time they protect the wall
) from the heat of the reaction. The gages
thue heated sre withdrawn from Bat &
and are conducted thencc to the purifier
tube -A in which they conbact with the
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purifier catalyst disposed thercin. I'rom
A the gmuses ore delivered to E which
reprecents ges regulating means, cm-
ployed for removal of the products of the
purification reaction andfor for adjusting
the tempurature of the gases before delivery
thereof to the produser catalyst in C by
way of the inlet J. The gases which have
reacked in O arc withdrawn through the
ovtlet K and afier separation of the
desired products the umreacted guscs,
together with fresh gascs, may he returned
to the same or a similar apparates for
further treatment. ]

By provision of a by-pass condait L
with valves M and N a portion of the
gases, instead of being condueted through
the passage K, may be delivered direct to
the pwifier catalyst. ‘Fhis arrengement is
wselul in staréing the operation of the
apperstus oand also in teking care of
emergencics where it Is desived to pass
more or less than the normal emount of
gases through the passage E  hefors
delivery thereof to the purifier catalyst.

Tt will be uunderstood that the imven-
tion is not Emited fo the wse of any par-
tieular substance or substances as pumifier
catalyst or producer catelyst, it heing
cbvious that the specific nature of the
catalyst will depend upon the resction to
which the invention is applied, the char-
acter and quantity of the Impurities in
the gases and other considerstions. For
example, in the synthesis of gmmaonis
from “a gaseons mixture of nitrogen and
hydrogern oontaining traces of earbon
monoxide, the producer catalyst mey be
a amixture of iron, potassium oxzide and
aluminivm oxide, while the purifier cata-
lyst may be a mixture of cobalt and -
nesium oxide or, indeed, it may actuaily
have the samc or substantirlly the ssanc
composition as the smmonia forming eata-
Iyst. On the other hand, in the syntheais
of methanpl and the like from a mixture
of carbon menoxide and hydrogen eon-
tajning organis sulphur compounds, the
producer catelyst may be a mixture of zine
and chromjum oxides and the purifier
catalyst & maicture of ocopper and zine
oxides.

From the foregoing deseription the
general principle of the invention and
the manner of the practical application

thereof will e  spparent und it will he
obvicus to those skilled in the art that
the process and apparatus described muy
be applied with advantsge in carrying
oub many gaseous reactions inelnding
those bhereinbefore specifienlly roferred to
and others not mentioned.

Various changes may he made n the
method and apparatus described without
departing from the imvention or swezifie-
ing any of the advaniages thereof.

Having now particularly described snd
oscerteined the mature of our said inven-
tion and in what manner the same is to
be periormed, we declsrc thet what we
claim ig i—

1. The process of effecting catalylic
exothermic gaseous resctions under pres-
sure which compriscs warming the gases
that are to reacs by passage fhereof in
heat cxobange telation ¢o but out of
direch contast with the produeer catalyst,
paszing said gases over u purifier catalyst
(contained in a - vessel swrownded by
gepavate  PrCssure - sustaining walls),
removing produgts of the purifiention
reaction from thé gases and thereafter
delivering the purified pases to the pro-
ducer catalyst. - °

2. In an apparatus for efllecling cata-
Iytic exothermic gaseous reactions under
pressure  the eombination of u pudficr
ostalyst chamber and a producer catalyst
ghamber surrounded by separate pressure-
sustaining walls, the pressure sustaining
wall surrounding said producer ecatalyst
chawber being spaced thercfrom to form
an somular ges passage ; means to deliver
compressud.  gases to said passage and
meaps to coovey the gases thereirom fo
the purifier catalyst chamber and mewns
to réturn the goses from the purifier cata-
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lvst chamber to the prodncer catalyst -

chamber,

3. Apparatus for eatalytic exothermie
gaseous reactions. under progsurc substan-
tially as desexibed.. .

4. Processes, for performing catelytic
sxothermic gdceous reactions under pres-
gure substantiadly g deseribed.

Dated thif 28th day of December, 1929,
W, P. THOMPSON & Co.,
12, Church Btreet, Liverpool,
Chaptered & Registered Patens Agents.

Abingdon 1 Printed for Kis Mujosty's Stationery Offiue,

Bargess & Son.
[Wt. 904, —80 /6 [1932.]
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