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N COMPLETE SPECIFICATION. |
Process anid Apparatus for Catalytic Gaseous Reactions.

DuPoxr Avyonrty CORPOBATION, &

We, fontion of the gaseoms mizbare has been
eorporation orgenized and existing under accomplished. by;dgass&ge thereof over & OO
the laws of the State of Delaware, Uinited heated catalyst adapted to accelerate the
Stutos of Americe, of Wiksington, Dela- interaction of hydrogen and oxides

& ware, United Stutes of America {Assignees -oarbon to form: methana and wafer, The
of BocEr WiniiaMs, a citizen of ihe water can he removed by condensation and
TUnited Stetes of America, whose postal  the methane has Hitle or vo effect upon 60
sddress is ¢fo Dupont Ammonia Corpora- the course of the smmonis synthesis
tion, 1007, Market Sipeet, Wihpington, except to the cxtent that it actd 23 &

10 Delasare, United States of America), do diluent of the reacting gases. On the
herehy deciare the nature of this invention ofher hband, in the synthesis of hydro-
and in what manner the same s £o be per- carbong or oxygenated orpauic compoungds 66
formed, to he partlenlarly dosoribed and  from hydrogen and en oxide of cerben, the
ascertaincd in and by the following state- final purification of the gaseous mixture

15 ment -— i may be accomplished by passage thereof

This invention relates to methods of and — over & heated contact mass adapted tu re-
apperatas for effecting catalytic gesevus ¥OVE sulphur compounds from the gases. T0
reactions. . ’ This contact mass sy fime$ion simply

In carrying out exothermic gaseous re- by =absurbing hydrogen sutphide or, If

20 actions, @8, for instance, the gynthesis of organic gulphur  compounds atw algo
smmonie from nitrogen and hydrogen OT peesent, & contach mass may be used which
the synthesis of organio compounds from will serve to convert the crgamie suiphur 75

“bydrogen sod an oxide of carbon, it has compomnds to hydrogen sulphide and also
feen found advantzgeous to submib the  to wbgorb the latter. -

9% gases to reaction in contact with o eatalyst - A common characteristic of these
and, after replacement of the products by methods of finel .gas purification is that
an equivalent portion of fresh gages, to the confuch Mass is mainteined af ap ele- RO

a0

pass the gaseons mixture again over the
patalyst o effect further reaction. Pro-

cesses of tliis nature sre generally referred

to as ayclic processes.

voted temperature. . Jnasmuch as the
amounts © of - impurities being eliminuted
are relatively small, any heat developed
by the purification. Tezckion iz insufficient

Generally spealing, in order 0 oblzin  to bring the gases fo the feraperature a% 80

the most satisfactory results in catalyiic which the confach mass must be main-
vezction grest care mnst be taken fo re- sainad. The prior mothod of effecting the

33 move as completely as possible from the- purifteation in a sepayate confmct appa-
fresh geses going to the reaction all sub- ratus preced: the muin catalytic con-
stances thet tend to decrease the activiby ~verter hss required, therefore, the provi- 90
of the catolyst. It is freguently the oase sion mot ouly of this separate apparaius
that the guacs employed ocontain, calalyst but also of mesns of heating the same and

40 poisony of such a character a8 to make for zegulating ifs temperature, to ocom-
their complete removal diffioult. by pensade for inevitable fuctustions in the
ordingry means. Tt-has been'found here- bemperature and composition of the goses 95

tofore thet this final
satisfactorily effected by snbmithing the
fresh gasecus mixtvre dirently before the
synthesis to the action of & heated contact
mess adapted to Temove the catalyst
poisons from the gases or 0 eonvert then
into inmocmous or easily Temovable sub-
stances. 'Thus, for instamce, in the syn-

arification may be

thesis of ommonis from  » nifrogen-

) [Price 13.] .

being treated. This Teyuirement has con-
sributed to the complexity and diffienlsy
in operation of the synthesia &5 a whols
and also; especially where the reaction is

offected a% an elevater pressure, has added 100

ovnsidersbly to the
ment. L .

With u view to. eliminating these and
other difficultios herstofore encountered it

cost of plant eqmip-

hydrogen  mixbure nnntainin%-m ezl 38 Lhe object of the present invention io 105
. amounts of oxides.of carbon the final puri- provide an improved cyclic process for

Pf‘fce 3%
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effecting catulytic exothermie paseous re-
acbions wherein the final purification of
the gases is accomplished by passage
thereof over a heated contach mass.

It is a forther object to provide an im-
proved spparatus for ceerying oub pro-
cesses of the cheractor described.

Other objects and advantages of the
invention will be apparent az it is more
fully understcod by reference to the
following specification and to the accom-
penying drawing in which -

Figure 1 I3 a cross seeion view of one

© form of epparatus adspted for use in the

praciice of the invention and —

Figure 2 iz 2 simflar view of another
form of apparatus, .

In scoordavce with the present inven-
tion, in cyclic processes for effecting
eatalytic gascous renction ot elevated tem-
perstures, and especially exothermic re.
actions, the gassons reactants ars hrought
to contact with the hot catalyst for the
prineix-)al reaction end then, while hot,
are mized with the meke-up gas (that is,
the fresh gas pdded o replace the products
formed), snd the resulting hot ~ paseons
mixture is passed over a purifier contact
mags, preferably disposed in heas
exchange relation to the catalyst for the
main vezetion. After the purification the
gaseous mixtura is treated for removal of
the products, for example by condensation
therenf and the gases are then subjeeted
as hefore to contact with the same or o
gimilar catalyst for the msin reaction, the
addition of the makeup gas, the purifiea-
tion thereof, and the sepavation of pro-
ducts of the reaction befng thereafter con-
tinucusly effected in the manner indiecated.

By proceeding in the following manncy.

the heat of the gaseous products of the
main resotion can be otilised for muinten-

ance of the temperature required for.
opersbion of the purifier contaot mass, Tn '

view of the relatively large quantity of
heat thus made available the purifier mass
may elways be kept at s sufficiently ele-
vated and subsfentially uniform fcmpera-
ture with ttle or no neeessily for regula-
tion thereof due fo temporery fluctuations
in ihe guaniity of impurities contained in
the ce-up gas. Also whers, 23 may
advantageously be the pase, the purifier
mass i3 disposed in the same apparabus
as the catalyst for the main reaction end
in heat exchanger rclefion thereto, the
redugtion in size amd cost of the equip-

..ment and the more compact arrangement

60

thercof confribute considerably to the
ceonemny and  effieiency of the whole
Process.

-~ The nature of our invention, ps well us

" the advantages described apd others that

é3

will be obvions 4o those skilled in the art,

will be made clear by reference o the
following stetement of a particular mnde
of application of the ivention and to the
accompanying drawing in which Figures
1 and 2 diagrammabicadly illustrate two
forms of apparatus &d&pbei for such appli-
cation,

Referring to Figure 1 of the drawing,
the apparatus comprises & pressure-sus-
taining wall B enclosing a reaction cham-

ber A containing two bodies of contaot’

material. The upper body, D, Is the
cotelyst for the main reaction and the
lower cne, ¢, is a purifier contact mass.
In- employing the apparatus for the

‘synthesis of ammonia the fresh mixture
--of nitrogen and hydrogen (i.e. the make.

small emounts of
carbon monoxide and compressed to & suit-
wble  pressure, enters the apparztus
through ths condnit K, and flowing
throngh the Jatter is warmed by heat
exchange with the ammeonia synthesis
catalyst D before being inbrodused to the
coutect mess O Mesntime n compressed
gaseous mixture, that hazs already been

op  gas),  ocontaini

subjected to partial reaction and from

which ammoma has been removed, is
admitted through the opening F, whence
it flows up around the reaction chamber A
and between it and the pressurc-susimining
wall;  thereby  simulteneously  being
warmed and protecting the well B from
the hewt of the reaction. These gases
enter the reaction chamber by way of a
plurality of orffices H and while passing
down over the catalyst D react to form
ammonis. At the lower end of the cop-
duit. B these hot goses me mixed with the
malke-up gas cnbering through said con-
duib;.and the resultant gaseous mixture
ngsses down over the contact mass (I hy
means of which the carhon mohoxide iz
converted to methane and water. The hot
gaseous puixture lesves the sapperatus
through the outlet G and is frested in
apparatus nob shown for removal of
amroonis and the sall amount of -waber
formed. The gaseous residus, now free
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from carbon monoxide is returhed to the 115

game or & similar apparatus to be admitbed
at F and treated as previously indicated.
* The catalyst D mey be wny catalyst
suitable for the usynthesis of ammeonia,
The gonfuct muss O is a methane-forming
catalyst and for this oee  variong
known catalytic compositions may serve,
those containing iron, nieckel or cobuls
heing partioularly suitable. We prefer,
bhowever, to employ contact bodiss D and
C of the yams composition, this being pos-
gible since, penerally speaking, iron-con-
taining ammonia synthesis catalysts arc
also, excellent catalysts for methane forrma-,
tion. Thus, for ezampls, D may be fresh
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active smmonia synfhesis catalyst and O

may he used or spent amamonia catalyst; a
catalyst thut s no longer su ioiently
active for ammonia wynthesis being

usuzlly snitzhle for nse a3 & methanaion
catalyst. As an exemple of a catalyst
composition that may he employed for
this dual purpose, I mention the catalyst
preparad by fusion sod reducing a miz-
iuve of iron oxide, potassium vxide and
gluminium oxide in svccordance with the
Timited States Patent No. 1,489,497 of
Alfred T. Larson.

The temperature at which the conbach
materizls in the reaction chamber
¢hould be mgintained may very somewhal
dependmyg perticularly upon the nature of
the comiact materials employed. With »
catulyst of the composilion just referred
to a temperature of aboub 500—550° C. is

suitable. It will he obvious to those
giilled in the art thab suizehle means,

wich as oxternal heat exchango devices,
may he provided for hringing the gases
to (he desired temperaturs before admit-
ting ghem o the epparatus.

Tigure 2 illustrates snother form of
apparztus characterised by on arrauge-
ment affording Delter Theai exchange
Tetween the purifier contach mass and the
cotalyst for the main reaction. The appa-
rofas comprises & resohion charaher A
enclosed wwith & ssurc-sustaining wall
B. The reaction chamber is divided into
two puarts the annmlar omber section con-
tajning & body of catalyst ¢, for the mein
reaction, snd the cylindrieal inner corm-
partment contsining @ body of purifier
contact mateial, 1. The operation pro-
cocds essentinlly in the manmer indicated
for the first described apperatus.

The gases which have aleeady been sub-
migted fo veaction and from which the
products bave been removed sve admibted
through ihe inlet ¥, and pasuing upward
through the annular space bhebween the
pressure-susbaining wadl and
catalyst container A they enter the latter
through the orifices g Passing down
over the catalyst C the gases mmdergo re-
action and, aiter traversing this body of
catalyst, enter the inmer compartment of
the vesction chamber through’ the orifices
J. In this compartment they are mized
with the male-up gas which fows through
the conduit W, The eombi Sase0ua
mixture then passes upward over the puri-
fior mass D, by mesns of which the
desired purification of the make-up gus is
effcoted, and the gaseous mizfure leaves
the apparatus through the ocutiet G.
After removal of the products from fhe
gaseous Mixture by suibable means, mob
showp, the gaseoms mixture is refarned
to the same or » similar apparatus for

further freatment in the way described.
As indicated in the case of the apparatus
praviously referred to, guitable means may
be provided for prebeating fhe gases 30
that they will be afi the necesséry tem-
perature on enbering the reaction chamber.

Tt will be observed that with this &
of apperatus the placing of the purl
mass within ahd in heat gichange reis-
tion to the catalyst for the main resction
contributes to the maintenance of o uni-
Form  temperafore ‘in  the purifier mass,
since the ﬁtter is heated nob only by the
hot gases coming il contact therewith
bub also by heat exchange with the main
body of the cutalyst.

. However the mvention is nob limited to
the process and spparatus which the
eatalyst for the man renction surrounds
the purifier eatalyst bub also melndes the
provcess and apparatus in. which the puri-
fler catsiyst surrounds the mein resction
catalyst. '
Although the forms of appargtus ilns-
trated have been deseribed with pasticular
reference to their use in the gynthesia of
ammonia it will be cbvious that the inven-
tion, is not limited to this specific reaction,
but is applicable also to other reactions
where the difficulties the invention is
designed Lo corpest mway be enacantered.
Tt will be spparent to those gilled in the
a1, that, i]ér sxample, in the synthesis
of hydrocarbous, and vxygenated organic
compounds. from hydrogen and oxides of
carbon, the fing] - purification of the male-
up gas_from -sitiphue compounds may be
sosomplished by proceeding in aceordanue
with the prineiples. hereinbefore set forth.
As purifier contact mass there may be em-
plaged in this instence & mixture of copper
tadl girie oxides prepared, for exwxeple, by
brigustbing and redueing o co-precipitatad
fnixture of copper oxide and zine oxide.
This materisl will efectively remove the
gmall quantities of sulphw eampounds
rosent in the gases that are bo react. As
in the cage of ammonia synthesis so also
with this specific type of reaction the
catalyst for the main reaction and the
pumﬁ"' er catalysi may be of the samo com-
position. A mixlure of oxides of copper,
chromium and zine, for cxample, i
perform both fimetions.

Varigus changes may be mode in the
meshod and apparatus described without
departing froov. the invention claimed or
gacrificing the advantages thereof.

Having . now , paiticularly deseribed and
ascertained the, nature of our seid inven-
tion and- in what manner 1tha same is to
he performed, we, declate that what we
claim is =— -

1. The ayolic. process of effecting &
gasepus Teachion | which compriges succes-
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is

- from the pases and
- pEain ioto contact with seid catwlyst for

*fn. which the

‘sively bringing a mixtore of gasecus re-

actanty infe contact with a hot catelyst

for said resction ; adding wmakc-up gus to
~the hot gases;

bringing the resultent
gaseous mixture into contact with a i-
tier material ; ramov'in% rasction proflfg‘cs

Tinging the Ietter

swid resction.

2. The process as claimed i claim 1
1 rifier material is in heab
exchange relation t the catalyst.

3. The

- tact thefewith, and simubtzneonsly in con-

25

30

eatalytic

Emnonia,

tack with 2 purifier material.
4. In a oyolis process for effecting a
ascous reaction the improve-
ment Whi(:i cossists in sdding the make-
up ges to the rewchion gases while the
latter are traversing but before they have
completely fraversed the catalyst, the por-
tion- of the latter traversed by all the gases
thereby acting substantielly as a purifier
cotalyst,
6. A precess as claimed in any of the
preceding claims in which nitrogen and
bydrogen are caused to react fo producc

" 8. A process as cldimed in-claim 5 in
which carbon imonoxids is removed from
the makewp ges by contact with a

- methanating catalyst. -

7.-A process ws claimed in Claim 5 in

which the .same material serves ag the .
nidin estalyst and the purifier. .

8. In a eyclic process for effecting &
catalytic synthesis of smmonia from bz -

slements the improvement which vonsists
in adding the make-up gas tv the reacting
gases while the latter are iraversing, buf

. before they have completely traversed the

rocess 89 claimed in clnim I
- in which the resultand gascouy mixture is

-passed within and in hest exchange rela- ..
" tion to the catalyst, bub not in divect con-

- agbions substantially ag deserid

catelyst, the portion of the latter traversed
by all the gases, thersby acting substan-
tially as & purifier catalyst, o
© 9. A process for effecting 2 catalytio
goscous reacton which ineludes the step.

of heating up a purifler magerial by pass. .

ing through it the gases produced by the
reaction ag well as the fresh gases to Be
puritied. : ..

“10.In en wpperatus for effecting an
ex0thermic geseous reaction the combina.
tion .of a reacion chamber containing a
space. filled with catalyst for said remetion
and . commnnicating thevewith, & spage

filled with purifier meferial; wmeans to-
. space;

deliver. gases to the cabalyst.
géparate meons tu deliver gases to the puri.
fier space, end a gus outleb from said puri-
Her space. . -

1i. In an sapparatus for effecting an
exothermic gaseous rehotion the combina-
tion of a comparfment conteining purifier
material, coramunicating with and sur.
rounded by # compartment conmtmiming
cabelyst for said resction ; means to. deliver
gases To  the ocatalyst
separate means {o deliver gases t¢ the puri-

fier oompartment, snd a. gas outlet from

the said purifier compartment, S
i2. An apparatys for effecting gaseouns
reactions which comprise 2 high pressure
vessel adapted to combain $wo hodies of
catalyst and gag connceticns allowing the
passage of gas in the memner defined in
olaims 1 to §. : :

13. Apperatus for- eﬁect]ng paseony e

avtions substantially as described.
. 14 Processes of eﬁacﬁﬁa.g cgaseous 16

‘Dated this 28th day of December, 1929,
- ....W. P. THOMPSON & Co.
i ...-13, Churgh Street, Liverpool, ,

Chastered & Registered Patent Agents.

Abingdon : Printed for 1Tia Majesty’a Siationcry Offies, by Bu

s & Bon. ‘
Wi 05a,—50/6/1932] -
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