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PATENT S

Process and Apparains for

I, Jonx Luwis Briri, a cifizen of the
LTonned States of Americw, lommerly of
Charleston, in the Connty of Kanaswhu,
Btute of West Vieginie, United States of
Aneriew, and now of Norton  Ilall,
Nortun-on-Tees, County Durham, Englaed,
du Lereby declare the nature of this inven-
tion aud in whel maeaner she same is tn
be performmed, to be particularly deseribed
and aseertained in and by the following
stutement: —

This invention rclutes to catalytic
exothermie gaseous veactions and particu-
larly to meihotls aof and apparatus for
mmutmu reactions whish are to be carried
cut ab elevute& temperatires and reseures.

In conducting sxgthernic cotalytic
gasaaus reactions under pressure theve ls,
generally speaking, a limit to the tem-
perature at whieh the eompressed gases can
safely be delivered to und withdrawn from
the veaction apparatus.  The  reuclion
apparatus eaun be provided with a thick
wressuve-sustaining  wall made from a
special alloy forging; or, i more vommon
materigls of construction are used, the
pressure-sustaining wall can be protected
by arranging that » screen of cool
incoming gas is interposed bebtwcen the
wall and the hot catalyst. Gus conduits,
on the other hand, must be made of metals
ihat van be deawn and this preciudes the
use of alloys such as are adapted for con-
atruetion of the reaction vessel wall, Ib
also, as is obvious. In the case of gas
conduits i= Impossible to pravide protee-
Lion by @ cool gis strenm sueh as mayv be
used in the reaction apparatus. These
vongiderations, therefore, place a limit
upon the temperature at which the cam-
pressed gmees can be  dolivered fo the
apparatus in which they are to underpn
reartinn,  In the cuse of sueh gascous
reactions as  the synthesis of aleohals or
Lhe svnthesis of ammonie, for instence, it
is mot femsible to handle the compressed
bydrogen-containing  gases  in steel
eandiiits  at fnmppmtnres ahave ahout
aoGe .

If the renction in question is to be con-
dueled at an slevated temperature and the
cakalvst  emploved iz suelh as will not

initiate the reaction belowr the maximum -
AL nt e
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temperature of which the eompressed gascs
oan be handled exteriorly of the apparatus,
it will be necessary to provide within the
latter some meuns for heating the guses
ta start the reastlor.  This need exists in
spite of the fact that the reaction to he
effected mey DLe  lighly exothermice.
Assuming that the reaction has bheen
started, by externally preheating the
guges to the maximum femperature per-
missible for the hundling thewof in gas
conduits, besl exchange weans ean  be
provided avithin' the reaction apparatus by
which the heat in the entalyst and the hot
guseous products. can be niilised to warm
the incorming gases to tha temperature at
whieh the reaction is being earried on.
And at the same (ime - this heat exchange
means mar be cmployed for cooling the
kot paseous products to a ‘emperature at
which they can with safety he delivered
to externgl gos eonduits. However, before
the reaction has been initisted, and when
eonsequéntly no heat is available from the
roaetinn, some expedient must be resortecd
Lo for roising the gnses, aftor they have
entered the appuratus, to the temperatore
at  which the catalyst will begin +to
funetion.

Tt has previeusly Dbeen  proposed to
emplov for this purpose an electrical heul-
ing element disposed within the apparatus
in the path of the maseous stream. The
uwse of deviees of this charaeter s not
desivable, lhowewer, beeause of the Aiffi-
eulivy of making electrica! connections
througly the -metailie presanre-sustaining
wall and alery bedause waterials that  ave
electricully . suitable Ine the eonsiruetion
of the heating element are apt to be
eorroded by the hot gases av toy bring abous
undesirable resstions theraof.

Tt will be appavent, therefore, that in
effecting  exofhermic reactions  under
prassure by means of ecataiysts that are
netive only at relatively high tempera-
tures w serious pructical pmlﬂem existy in
commention with the provision of a sult-
able methed of and apparatus for initiat-
ing emeh reactions that will not involve
eluborate  equipment nor interfere with
ihe normal progress of the reaction.

With a particulay view to overcoming
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the oforenentioned diffienlties it is  the
object of the present invention to provide
a practieal and efficient method
initiating eatalytic exothermiec gaseous
reactions that ure to be condueted ot rela-
fively high temperatures,

I is a further object of the invention
te provide an improved apparatns for
injtiating and cwrrying on reactions of
this character.

af '

Other objects and adventages of the'

invention will be apparent as it is hetter
understood by reference to the following
deseription  and  fo  the secompanying
drawing in whieh: —

Figure 1 is a cross-sectional view of a
Iorm of apparatus suitable for use in the
practice of the invention and

Figore 2 i3 o similay representation of
another form of apparatus.

In accordance with the present inven-
fion the heat required for imifiation of
gaseors raactions thai ure io be condncted

under pressure and at relatively high
toemperatures  is derived  from o
' priming **  reaction, thet is, an

auviliary  catalytic exobhermic reaction
involving the gases In  question, this
reaction being carried on  within  the
reaction apparatus under such conditions
that the heat evalved is made available
for warming the geseous stream, the
apparatus and tha main eatalyst to the
temperature required for the Innetioning
of that catalyet. TIn other words, in order
i initiate the proecss we conduet the com-
pressed gases over & priming catalyst, this
being « eatalyst that will bring about an
exothermic reastion of the gases ub o rela-
tively low temperature; fe. af suchk a
temperatore that the handling of these
gasos on their way to the apparatus pre-
senis no problam.

The priming reaction may be effected
hefore the geses come in contact with tha
main or producer catalyst, the hent
evolved by the priming reaction belng
theveby conveyed to the producer cabalyst
by means of the gascous stream itself.
The effectiveness of the priming reaotion
may be improved, moreaver, by disposing
the priming cafnlyst in heat exchanse
relation to the producer eatalyst; as, for
cxample, by employing an apparatue eon-
laining two econcentric catalvet chambers,
the innermost filled with priming catalyst
and the outermost with producer catalyst.

The priming reaction may also be
efiected after the gases have  eontscled
with the producer eatalysi. When the
prineiple of the invenfion iz 2pplied in
this mapuer the gases mm  enfering the
reaction apparatns pass over the produzer
catalyst, thenm over the priming eatalyst
und in their thus heated condition e

‘quent ‘portions of the gaseous

subjecied to heat exehange with subse-
sfream
shtering the apparatus, This method of
operation has several advantages including
the simplicity of apparates requived, sinee
It iz possible to employ a uingle catalyst
chamber in the fivst portion of whieh the

prodiicer catalyst is disposed and m
the list  portion of which +the prim-
ing catalyst Is  disposed. There is

the further importans advantage that with
the priming catelyst following the pro-
dueer’ catalyst the possibility of con-
tumisation of the latter by products of
the priming reactiva or by substances
darvied over from the priming eatalyst ig
climinated.

As a further feature of the Imvention

we provide an  apparesbus, to be hevein--

after more fully described, the nutstanding
feature of which is the provision of a
reaction chamber containing cutalyst for
the main reaction and a heating chamber
for preheating the gases, with suitable
means {or by-passing the heating chriber.
This apparatus is partienlarly adapted for
effecting o process of the type previously
deseribed, wherein the praheating of the
gasculiy sireary is aecomplished by possage
ovér & priming eafalvst before comtact
with the producer catalyst. By employ-
ing this type of uppuratus if it is desived
we uré uble to remove the priming catalyst
from the path of the paseons stresm when
the resction has been initiabed and thas
avoid any disadveniage comnected with
passage of the gases through the priming
eatalyst affer the reastion hag begua.

While the general characier of the
invention will be uuderstood from tha fore-
going statoment thereof the abjects and
advantages previously referred to as well
as others that will be obvious tv  those
gkilled in the mt will be made more elear
by reference fo the “following deseription
of two furms of apparatns adapted for use
in practising hs invention,

Leferring to Vigure 1 of the drawing,
the apparatus comprises a  pressure-
sustaining wall A enclosing a reaction

. chiimber B spaced “therefrom to lorm an

anpuiar  gas passage C. The reaction
chamber B consists of two compartments
—:ai guter annular reaction shambey von-
taining the prodncer eatalyst D and an
inngr hesting, chamber containing the
priming catalyst B.  The heating cham-
her @ommunicates at one end with a gas
inlet T provided with a valve @ and at
the other end with the outer caialyst com-
parbment through orifiees H in the inter-
vening wall.  The reaetion chamber is
prtivided at its lower end with orifices N
fhrough which & communicates with a
heat  exchunge compartment O which,
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affer the rosellon has begun, Is used flor
warming tie  incoming  gases at  the
expense  of the hot gzases that have
iraversed the eatalyst D. A gas exit 4
leads trom the compariment 0. A secomd
gas inlet K confrolled by a valve X eom-
wmunicates with the catalyst D by way of
tha annuiar gas passage C, the heat
exchanga coils I and the condnit L. Tha
inlets K ond P are connected, by means
not shown, to a common gus supply. In
starting the reaction the walve M iz elosed
and the valve G open. ‘Ihe compressed
gases that are fo react are led at a rela-
tively low tempersture thvough the inleb
T directly to the priming catalyst B in
eontaet with which they wnderge an
exolllermic veaetion.  Leaving the inner
compartmens$ through the orifices I they
fow in the reverse direskion in contaet
with the producer catalyst D and arve fhen
discharged from the apparatus fhrough the
orifices N and the outlet 4. The gases
initially are adimitted fo the apparatus ac
such a temperature as may he required
for vommencement of the peiming re-
action; this temperature, however, will,
af course, bhe below that reguired for the
funetioning of the catalyst D and In any
event should not be so high ag to canse
any difficulty in handling the gases out-
side the reaclion apparstus. The reaction
effected by the priming cabalyst B inuy
ha ot first slight, bt as thie ecatalyst
becomes warmer the reacion procesds more
rapidly. Thus the geses Howing through
the orifices H into combact with the pro-
dueer catalyst I¥ ara progressively warmer
and warmer, the eatalyst D being, there-
fore warmed by the gases flowing through
it and also by heat exchange with the
priming eatalyst B and the gases in con-
tact  therawith. When the produoeer
catalyst D has atiained a femperature at
which it will begin to funetion, the heatb-
ing chamber is normnally by-passed by
opening the valve M and closing the valve
(¢ so that thereaffer the ineoming gases
do not traverse the priming-catalyst buk,
flowing downwuard through the sunular
passage O, are delivered direetly to the
produecer ceataivst D by way of the heat
exchange coils and the conduit L.
However, it is *nossible sa to regulate the
valves M and G that one nartion of the
gases traversey the producer eabalyst and
another portion traverses both fhe priming
and producer cabalysts, so that the relative

.proportionsg thereof and as a consequence

the temperature of the reaction can be
varied hy suitable manipulation of the
valves.  While fraversing fhe passage C
the Incoming gases are warmed by heat
exchange with the Lot catalyst and at the
game Hme proteet the wall A from the

bheat  of the rewction. The gases are
turther warmed, while flowing through
eolls P, by the Lot gases leaving the
ealalyst D, In contaet with the produecer
catalyst D the desired reaction of the gases
is cffected and the hot gescous produets
pass through the orifices N into the heat
exchange compartment O where they are
eaoled by the incoming gases in the ecils
P to a temperdtwee at which they ecan
gafely be hundled in cvonduits exteriorly
of the apparatus. After removal of the
produsts of reaction any unconverted gases
may be submitted to further reaction in
the same or & similar apparatus.

A second form of apparatus that can be
used in the practice of the invention ix
illustrated In Pigue 2. Referring to
Figure 2, the .upparatus comprises a
pressurs-snstaining wall A enclosing a
heat  cxehange compartment O end a
resclion chazuber B, the latter voufaining
separate bodies of producer cotulyst It and
priming eatalyst E so disposed that the
gnses traverse tha priming catalyst only
aficr they have passed over the producer
catulysi.

In starting o process employing this
apparatus the compressed gases, preheated
to a temperature no higher than may
safely ba employed in external gas con-
duils, enter the . apparatus by wayv of the
inlet F and fow successively through the
armular paseagh .C;:'the - heat emhange
eoils T and the donduit T. to the upper
and of the apparatus where they are
delivered to the producer catalyst D. The
gases pass downl over the producer catalyst
and then over the priming eataiyst B, and
in contact with the latfer they reast
exothermically. Thus heated, the gascs
flow thwougli the heat excliange compavi-
ment O in which they warm succeeding
portions of incoming gases in the eoils .

Xt will be seen that in this manner the
gages eoming into contact with the pro-
dneer catalyst hecome gradually warmer
and warmer 1mfil they resch the tempera-
{ure reguived for funetioning of the pro-
ducer cabulyst,

When initiation of the main reaction
s thus aceomplished the femperature of
the producer cutalysh will, because of the
heat developed: by the main reaction,
conbinue to rise- undil the temperature
desgired forcontinnous operation of the
process is-resched. - Thereafter the temn-
perature muy: be: wntrolled by regulating
the rate of flow andjor the temperatiys
of the ineoming gdses. As the extenf of
tha reackiom cffésted by the estalyst T
inereases the ‘coneentration of reaclunts
leaving B will deérdase an that finally the
priming catalyst will ne longer funection.

The Lot guses Ieaving the reaection
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shumber through the orifices N are cooled
by leat interchange with the incoming
gases flowing through the ooils P fo a
temperatiree af whioh they may with safety
be withdrawn to external condoits by
means of whicl they are deliverad to appa-
ratus, not shown, for recovery of the pro-
duoets of thip reaction.

It wil be understood that the chargeter
of the priming ecatalyst used will depend
inter wlia upon the nature of the goses
to be handled, the main reaction o be
effeated and the products to be -prepared.

By way of example we mention the
synthesis of the higher lomologuas of
methanol from a  gaseons mixture of
hydrogen and carbon mounoxide at  high
pressures,  say 300 atmospheres and
upwards, as illusfrafing a  reaction to
which the invention may wvery  advao-

tageously be applied. Tor the sake of
obtaining the highest qualitv of pfoduet
it is desirablc that this  synthesis

to 5009 C. and for proper operation ab
these temperafures the eatalvsts that arve
most suitable are such as aetually exhibit
no aetivify for the renction below about
850° C.  On the other hand, it is not
rractically feasible tn handle compreseed
hydrogen-carbon meonoxide mixture In bigh
pressure pipes outside the reaction appa-
rutus at bemperatures above about 300°
C. The initiation of the higher alechol
synthesis may be effected mn aceordance
with the present invention by using =a
methanol-forming eatulvet as the miming
cabalyst. Thiz ecatalyst mav be, for
example, a rtedneed mixture of precipi-
tated oxides of eopper, manganese and
magnesinm, which will inifiafe interaction
of hvdrogen and carbon monoxide to form
me{bunol wi temperatures as low as 250°
C. At such low temperaturcs there is no
diffienlty ™  handling the compressed
gaseous mixture exteriorly of the synthesis
apparatuy,

On the other hand, where the

monexide is earricd on for the produsiion
of methanol alone it may he desirable for
the salie of continuity of operation to use
@ more rugeed and therefore less active
eatalyst than the one which has been
referred to above as o priming cagalvst for
nse  in higher aleohnl synthesis. Tuder
these cireirmstances i accordance  with
the . inveniion one may use i econneelion
with  the relatively high temperature
methanol  producer eatalyst & priming
eatalyst  such as the copper-manganese.
magnesium  oxide  methanol  eatalver
referrad to, or helter an active methane.
forming eatalvst sueh as, for example, n
reduced mixture of precipitated oxides of

‘cobalt and magnesinm, which will initiute

be
effected af elevalcd lownperatores, say 4350

high -
pressure resction of hyvdrogen and carbon

the formation of methane at even lower
temnperatures.

.The mvention contemplates ths possi-
bility . of utilizing in the priming reaetivn
not only the normal gascous mixture but
also ofher substances that may temporarily
be added during the starting period Ffor
the, purpose of effecting a  priming
reaction. Thus, for example, in the
gyithesis of ammonis from u bpilrogen.
hydrogen mixture derived from water-gas,
by reducing the amount of ecarbom mon-
oxidle purifieation effeeted the earbon
menoxide eontent of the nitvogen-hydrogen
mixture iy temnporarlly be inersasad
during the starting period of the ammonia
synthesis and the gases may be pagzed
aver o low femperature methane-forming
catalyst for the purpose of initiating the
ammonia synthesis peaction.

- Various shanges moy be made in the
method and epparatus described withont

-deparking from the invention or sacrifie-
‘ing the advantages theveof.

“+Having new partieulaply deseribed and
aseerfained the nature of y said inven-
tiow and in what manner the same is to
e performed, T deelare that what T elaim
igt—.

1. The method of initating a catalytic
exothermic gasecus reaction to be com-
ducted under prezsure and ab a relatively
high tempervatuve, which compriscs pass-
ing the compressed gases ut 8 relatively
low: femperature into comiact with a
priming catalyst and directing the thus
heated gases upon the eatalyst for the main
reaction.

3. The method of milisting a catalytic
exptheimic  gmscous reuction to be con-
ducted under pressure and at a relatively
Ligli temperature, which comprises heat-
ing the compressed gases by passage
thoreof at a  relatively low temperature

- Intoseontact with u priming catalyst and

Alerealter bringing the pases inta  diveet
eviindirect contuet with the eatalysl for

Tthe main reaction.

8. The method ol Inilisting a eatalytic
exbthermie guseouns reaction 1o he con.
rietedl under pressure and al a relatively
liigh temperature, whicli euziprises pass-
ing the compressed gases at a relatively
low  femrperaturs into comtact with a
priming eatalyst snd  simultarecnsly in
heat exchunge with the eatalyst for fhe
mafit reaction.

4. The pracess of efivcting a ecatalytic
exathermie gaseous resction under pressime
wherein 1he leat requived for initinting
the' renction i derived from » priming
reaction.

3. A process as elaimed in Claim 1in
which  the gases lesving  the priming
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catalyst
catulysh,

6. A process as claimed in Claim 1in
which affer the producer cabalyst has
ablpined the temperature raquired for
initiation of the mein reaction, the
priming catalysh is reroved from $he path
of the gaseous straam,

7. A provess as claimed in Claim 1 in
which the gases ave passed over a priming
catalyst eapsble of catalyzing a different
exothermin reaction of the guses al fhe
luwer Lompsrature and then over the
catalyst for the main reaction, in heab
sxchange velation o bul oub of contacth
with the priming catalyst.

8. The method as elaimed in Claim 1
which comprises passing the gaseous
stroam of reactants successively over the
producer. catalvst and a priming catelyst,
and thereafter in heet exehange relation
with subsequent porlions of the gaseous
glroam befors dslivery thereol to the pro-
ducer calalyst.

9, In a process for -effecting un
exofliermio reaction by conducking a
stroom of gases over & cotalyst, the method
of contrelling thé reaction teruperabure
which comptises passing a portion of said
gaseaus stream over & priming catalysl

pass through the produccr

hefore delivery to the producer cabalyst
and delivering asnother portion of said
gaseous siream directly to the produeer
catalyst, and regulating the temperature
of the reaction by varying the relative size
of said poriions of the gaseous stream.

10. In an appsratus for condueting a
gageous  exothermic  reaction  under
pressure the dombination of a pressure-
sustaining wall €nelosing a heating cham-
bar whick containg s priming eafalyst for
preheating the gages, and communicating
therewith a reaction chamber contuining
producer ostalyst for said reaction, with
means dlor by-passing said  priming
catalyst.

11. An apparatus as claimed in olaimn TO
in which the heating chamber is in heab
exchange rclation with the weaetion
chamber.

12. Apparatus for conducting gaseous
exothermic reactions under pressure sub-
gtentially as deseribed. )

35, Processes of condueting gaseous
exothermic reactions under pressure sub-

-stautially as desoribed.

Dated this 28th dey of Desembar, 1923,
W. P. THOMPR0N & Co.,
18, Church Sireet, Liverpool,
Chartered & Repistered Patent Agents.

Aldngden t  Printed for His Majesty’s Stationery Ofﬁ_fpa, _5§:_'B£ﬁges & Son.
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