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This invention relates to processes and apparatus
for performing exothermic reactions, and perticularly gas
or vapour phase exothermic reactions with organle ccmpounds

It 1s well kpown that the carrying out of exothermle
pesctions in the geseous or vapour phase 1ls a matber of
conslderable difficulby on a large seales In particular
it iz very dlffilenlt to prevent uneven'reaction of the
gases opr vapours. Thus on an industrial scale local
overhaating or "hot spots" are very liable to occour over
the area of oatalyst belts, beds or layérs, leading to
uneven reasction mnd, in the oase of organlec reasctlons,
to destruebtive desomposiblon. Hemce, it 1s very dlifi-
gult %o achleve sahisfactor& conversglons and the tempera-
ture control of the exothermic reaction is rendersd
particularly diffleult. |

_ According to the 1nvention it has been found thal
tha difficultias may be 1argaly o entirely overcome by’

subjacting the - gases on- vapours to reactlon 1n thin streams.

By such means unliorm temperaturas are readlly maintained

and contral of the resctlon temperature 1s facllitabed.

‘The -eontrol; of the reactlon temperabure may be effected

in sny conveniént-way, B4 by.any suitabla heat exchangs
arrangemants and/or hy adding diluents auoh as nitrogen

or steam te the reastiom geses, The use of steam 1=

pafticulariy advantageous in the case of partlal oxida-

tiong of organlc compounds, e.g, the productlon of

'formaldehyde.or acebaldehyde from the correaponding

aleohols.
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The thin streen of roaction gaaes oxr wapoura may
be preduced in any convenlient maﬁnar. For instance,
tubes or othsr forms of reacﬁiqn vasselas or converbters
mey be so consbrusted that the reactlon gases or ¥yapours
jraveras them in the form of & thin stream, sheet or the
like or a plurallty of such sbtreams, sheets or thé like,
Proferably the geses or vapours ars passed through a
econverter or reaction vessel 50 arrenged thabt they péss
thersthrough in a number of thin sbreams or in one o
mora thin sheets or ammull. - For instance, thé o&nverter
or venctlon veasel may comprise s number of walls, parbl-
tlons or.tha 1ike bebween which (or bebtwesen which walls,
partltions or the like and bthe shell of the vesael} the

reacblon gases or vapours pass In a nuber of fine stieams,

 thin gheets op anmall. Sueh walls, partitions or the 1ike_

mey sdvantageously be hollow and serve as heab exchanging
alaments,-suitable cooling liquida or Ffluids being supplled
to tham in any. appropriate manner. Fnrthar, if 1t i
naoesaary ﬁo supply heat to 1n1£1ata ﬁhe reaction, suitable

heating liquids or rluids may be employed, to be re;ﬂaced

if deaired by coollng fluids when the reaction hag

commanued.
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The walls, partiticns or the like ney be arranged

in any convenlent way adapbod to permlt the reaction gazed

or vapours to pass in the thln streams, sheets or anmull.

For instance, theoy may be spaced near To each other and/or

to the outer shelil of ths vaasel,

e.z. zbout 1 inch apard

or legs. 'The walls, parbtitions or the 1ike may bo straight,

cupved or of circular or other closed form whereby the

reactlon gases may pags in the Iorm of o thin sheet, annulus

pr tha 1ike or a plurality of such sheets or snmill. Con~-

yeniently the apparatus forming the reaction vessol or

convartsr may take the form of = plurality ol concsn@rié _

plpes or the like placed one inalde the other, The inner

plpe of the apparatus o of sny pair of adjacent pipes 1s

of slightly emaller dlameter then the pipe or the lilke

gurrounding it and fitted in eny sonvenlent way to leave

o thin anrmlar space beiween the two pipes or any pair

of adjecenl pipes, Tor instence & space of less than 1-

inch, ¢.z. & to 1/10 inch or less.

Preforably the pipes,

parﬁiculariy the outer pipes of = geries of concentrie

pipes where such is amploﬁed, are of 1argé or relabively

lerge dismeter, e.g. 6 inches to 3 foet or more. Obviounsly

pipes or the like of square or othar section may be employad

in place. of circular pipes.

Beat exchanging elaments supplied with any cooling

or heabting liquid or fluld may be plased in heat exchanging

relationship with the annular spaces in any convenlient way.

Por insbance, the pipes forming the partitions between asid

spaces may themselves be formed with hollow walla to which

the cb0ling ilguld or fluid.may_be gupplied.

.
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_or cooling medium ean be passed as reéuired into the canirel

'sbaées 14 snelosed by thazannular rescticn spaccé 1.2,

348331

The cabelysts cmployed for any particular reactilon
mnay bp disposed in or in conbact wlth the fins streams in
any conveulent way, for instance in the form of a bod or a
belt or layer or a plurality of zuch belts, bedsg or layers
within tha.thin annular or other spaces hersinbefore referred
to. If desired the catalyats may be coated upon or
spread upon the walls, partitions or the ilke, or such walls,
partitions or the 1like may themselves be formed of or lined
wlth eppropriate cabalyblc metals whether or nob cebalysts
are obherwise present. .

A convenlant form of apparatus embodying the inventlon
48 illusbrabed dlagrammatically in the drewings, in which
Pig. 1 vrepreasents a iongitudinal gectlon through the apparatus,
snd Flg., 2 a sactional.#iaw along the 1line 2-2.

" The appa:atus comprises two mrrow anmlar resaction

gpaces l,g,'forﬁad'bﬁ the concentric pipes 3,4 and g,g,.and'
opening ab their'tﬁo en@s infp tﬁe annulaf inlet chambers

7,8 and oublet chambers g;}g_reépeotively, Through these

' inlét'and outlst ohambers pass-bipes 21 communicating with

the inlet 12 and oubleb 13, through which a fluid hoating

1
I

The

heating ur'cdoling medium can also pass through the plpes

15 to thin annﬁlar spaces ;ﬁ;}i'eoncéntrlc wibth end lmmedi-

gtaiy-outsiﬂe_the reaction spaces 1,2, and extendlng aboud

. half'thé length thersof. - A one end the spaces 16,17 open

into snmlar chambers ;g;-wharaby'tha heating or eooling
medium enters frem the plpes 15, while at the other end
similar chambérs 19 ave provided whereby the heoablng m

cooling medlum is led Lo the oubtlet 13.

-5
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The obhoer helf of the length of the reaction spaces

1,2 1s surrounded by similar anmrlar spaces 20, 21, cpening
into anhular inlst chambers 22 and outlet chambora 2Z3.

The inlet chﬁmbers 22 communlicate with the veactlon vapour
inlet 24 by the pipe 25, while the oublet chambers 23 open '
into the epnular spaces 1,2 by the openings 26. The
veactlon spaces 1,2 may contaln a cebalyst 27, such as a
silver wire spirel or gausze, or thay may be constructed

of or lined with a catalyst such as silver or copper.

The vapours in passing through the narrow anmilsr
spaces 20, 21 are preheated before entéring the reac%ion
gpaces 1,2. In performing exothermle reactions it 1=
usunlly advissbls to prehsat only to a very moderate
extont, and the degree of proheatlng may convenlently
be regulated by varying both the gas veloelly and the
position of tha'cétglyst.,:-ihns, if only a small length
of catalyst is preséntjin that part of the reactiocn space
whieh 1s contiguous_wiﬁh“the preheating apace, a modefate B

degree only of préheaﬁing_will ve obtained. Since the

nafrbw-apaces.and corrasﬁondiﬂgly large sarfaces allow an

offlelent heat exchange to be efiscbed, a highly efflclent
oontrol over the reactlon 1s thus made pogsible by the usa

of the infentian..
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If deglred the several enrmlar spaces may themselves be
concentric, in which case apparatvs such as that described in Canadian
Application B5.No. 392175 filed August 22, 1852, may be employed,
with -vr without modification. Another type of apparatus that may
very usefully be employed is tllustrated in Canadian Application

E.%o. Bszlso'filed August 22, 1938, in which a number of separate

~ammler reactlion spaces are employed. The invention is, of course,

in no way limited as to the number.or arraengement off sueh anmular
reaction spaces, and the apparatus described above 13 to be regarded
purely as an example of apparalus constructed according to the
invention.

What I claim igi-

-
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1, Process for carrying oub exothermlc gas or vapor
phase reactions which comprises subjecting the reactants %o

reaction in the form of a thin anmmlar sheet.

_2. Process For carrying out exothermic gas or vapor phase
reactions which comprises subjecting the reactants to reaction
in the form of an anmular sheet of thickness between one - Inch
and 1/10 inch and dlameter greaber than slx inches.

%. Process for carrying out exothernmlc gas and vapor

 phase reactlons which comprises subjecting the reactants to
reaction in the form of a thin annular sheet and coolingat
1east part of the total surface of said sheet by means of a

cooling Tlutd.

4, Process for carrylog out exothermic gas and vapor
‘phage reactlons which comprises subjecting the reactants to
reaction in the form of an annular “heet of thickness hetwesn

- one 1nch and 1/10 Inch and having a diameter greater than six

inches and cooling at least pard of the total surface of said
sheet by means of & coollng fiuid.

k., Proceas for carrying out exothermic gas and vapor
phase reactions which comprises Subjecting the reactants_to

peaction in the form of a thin annular sheet and in the

presence of a catalyst and coollng st 1east part of the

total surface of sald sheet by mesns of a cocling finid.

6., Process for carrying ont exothermic gas and vapor

phase reactlons which comprises causing the roactants to pass
in the form of a thin annular sheet in heat exchange wlth at
least paft of the fegction ZONE, theh subjecting saild reactants
to reaction in the form of a thin annular sheet and cooling atb

1eagt part of the total surface of said sheet by means of &

cooling fluld.
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v, Procegs for the manufacture of acetaldehyde by
reaction hetween etiyl aleohol vapor and oxygen whiech
pomprlses subjecting the reactants to yreaetion in the form
of a thin annular sheet and cooling at 1esst part of the

total surface of sald sheet by means of a cooling fluld.

8. Process for the manufacture.of acctaldehyde by
reaction between ethyl alcohol.vapor and orxygen which
comprises subjecting the reactants to rezction in the form
of an axnular sheet of thilclmess betwesn one inch and 1/10
inch and of a diameter above gix inches and coéling at least
part of the totsl surface of sald sheet by means of a cooling
finid.

9. FProcess for the manufacturc of acetaldehyde by
reaction between ethyl alcohol vapor and OXygen which comprises
ecausing the reactants to pass in the form of a thin annmular sheet
in heat exchange with at leasi part of the reactlon zone, then
subjecting the reactants to reaction in the form of ‘a thin anmuler
sheet and. cooling at least part of the total éurface of said
sheet by means of a cqoling flunid, the reaction being#ffécted

in the presence of a mekal seleeted from the group consisting

10. Apparatus for use in exothermic gas and vapor
phase reactiohs_comprising a nafrcw annular reaction chamber and
s channel for a cooling fluid_having at least part of one wall

ip common with at least part'of the reaction chamber.
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11. Apparatus for use 1n exothermic gas and vapor
phase reactions cooprlsing & narrow annular reaction chamber
of thickness between one inch and 1/10 inch and of a dlameter
above gix Inches formed by concentric tubes or plpes, gnd a
channel for a coollng fluld haviﬁg at least part of one wall

1n common with at least part of the reactlon chamber.

12. Apparatus for use In exothermic gas and vapor
phase reactions comprising concentric tubes bounding respectively
a narrow annular reaction space andl an annular space adjacent

thereto for the pagsage of a cooling fluid.

1%, Apparatns for use in exothermic gas and vapor
phase reactlons conmrising concentrie tubes bounding respectively
2 parrow annuiar reactlon space snd a narrow annular preheating
space adjacent thereto and communicatling therewith, and. a channel
for a cooling Fluld having at least part of one wall in common

with at least pért'bf'the.raaction chauber.

14. Apparatus for use in exothermic gas and vapor
phase reactiong comprising concentric tukes bcunding respectively
_a narrow anpular reaction space, & Narrow armular preheating
space adjacent thereto and communicating therewith, and a
narTow annular space also adjacent to gald reaction sPace for

pagsage of a cooling fluid.
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