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COMPLETE SPECIFICATION

Improvements in or relating to Reactors

We, THE Brriise PETROLEUM COMPANY
Linvrrep, (previously known as Anglo-Iranian
Ol Company Limired), of Britamnic House,
Fingbury Circns, London, E.C2, a PBritish
joint-stock  Corporation  and  RICHARD
CHANDLER, of the gforesald Company’s
address, and of British narfonality, do here-
by declare the invention for which we pray
that 2 patent may be granted to s, and the
snethod by which It is to be performed to be
pariicularly described in and by the following
statement: —

This invention relates to an Improved re-
actor suitzble for effecdng reactim between
one or more reactants in the pasesns phase
and ope or more rcactants in the Hguid phase.

It Is an object of the present invention Yo
provide an improved rcactor for effecting
exothermic or endothermic reactions between
one or more reactants in the paseous phasc
and ome or more reactants in the liquid phase,
Tt is a forther object to provide a reactor in
which the gas flow rate/gas residence time re-
lationship may be subjected to controfled variz.
tion, thereby imparting tmproved fexiblity 1
the reaction control.

JAeccording to the mvention, there is provided
g mnld-nhmlar reactor comprising a plurality
of reaction tubes which, in the operation posi-
zion of the reactor, are substantially verteal,
the upper ends of said iubes passing through
an npper tube plate and rthe lower ends of
said tubcs passing through and extending be-
yond a lower tobe plate, the pottion of the
tubes between the lower and upper tuhe plates
being enclosed in a shell, whereby ihe external
surfiaces of sald tubes within said shell may
be contacted with a heat cxchange medium
vireulated within said shell, the reactor being
bounded below the lower tube plaie and above
thc opper tube plare by enclosed chambers
provided with means for the Inwoduction of
reactanty and means for the w'thdrawal of
prodncts, respeciively, the lower eads of at
lenst some of the reaction rube; being pro-

{Price 35, 0d.]

vided with gas distribueing means, whereby,

in opcration, a stream of small bubbles of the
gaseous phase reactant is caussd to ascend
through the Honid phase reactaut within each
cube, provided with sald means,

Usnally the reactor will contain between 20
end 500 reaction whes, The inventien is how-
ever in no way limited in this respect and a
larger or smaller number of reaction tubses
may be employed if desired.

The gas distribuling means mey take the
form of cor away sections at or near the lower
ends of a regction tube, Adternatively the lower
ends of the tube may be fitted with porous
rings or plugs, for example, of sintered metal,
coramic watetial, wire gauze or of fibrous
inaterial, ’

In operation, the gascous feed passes into
the buttom chamber of the reacror. collecting
0 form g gnseouy plose zome in the space
around the extensions of the reaction tubes

below the fube plate, and thence bubbles up

each tube through the distciburing device, A
gas/Tigquid interface is formed at the lower end
of the reacrion tubes. An advamsage of this
raethod les in the fact that the distributing
device is unlikely to become choked as it is
subject to the washing action of the liguid
reaction mixture. A focther gdvantage les in
the simplicity of the fcd connections te the
base of the reactor. Yet another advuotage
lies in the fact thet when tubes of small dia-
meier are employed the bubbles of gag pass
up in proximity to the walls of the tubes
ard the pesction con teke place adjaccnt ro
the surface throngh which heat is being re-

moved or supplied by means of the heatr

exchunge medinm, Yer another advantage les
in the fact that the gas flow rate may he
varied over a wide range withour altering
appreciably the pressure of the gas. |
When employing a continnous figuid feed,
the Hquid may be introduced mro the borrom
chamrber and removed from the top chamber,
In a modification of this type of reactor
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thete is also provided at least one down fow
tube, substantially paraliel w the rcaction
wbes, seid down flow tube passing hrough
the upper and Ivwer tube plate and termumat-
ing at its lower end below the ends of the
reaction twbes. The liguid in e reacior of this
type will circulare up the rwbes through which
gas is passing and down the (ubes extending
into the liquid in the borrom chamber of the
reactor, and. s especially suirsble for use in
cases wherein the gas dissolves with refative
pase in the resction mixture but whersin the
reacrion in the liquid phase is relatively slow.

Tn a further modification of the reactor, at
Jeast one vertical baffle is provided within the
{ower chamber, being attached to the lower
tube plaie, whereby the upper porton of the
lower chamber is divided into at léast twé

compartments, means being vrovided for the

separate Intraduction of gaseous reéactanr wo
each of said compurtments. The compartments
can be jnterconmected Below the level of the
liggisid.

- By adjesting the amount of gas fed to each
corfipartment, the gas residébee time in the

reactor can be. varied, With the paseons foed .

passing fo both or alf of the compartmenats
in the bottwm chamber of the redctor; bubhilés

of gak of g relatively small size will phss up

the wibes provided fof gad How and; bécarsc
they are small, these bubbles will teavel

relatively slowly through the liguid in the

tubes, Thus the. residence time of the gas in
the reaclor will be relatively long. If mofv the
gageous-feed 1s passed to ofic or a smaller

- pumbet than before, of the compartments in

the bottoin chamber of the reactor; but:at the
samie total rate as before; the bubbles of gas

belng larger will ttavel faster and the residence

sine of the ges will be shorver and, under
conditions of continuoss lignid fecd, that of
the liquid cerrespondingly longes: -
Altetnatively, it may be des'able w alter
the gas flew, for example Ly reeyeling more
or less gas, while mainzaining the residesde
rime constant. This rhay be dene by altering
the mumber of compertments to which gas is
fed in the bottom chamber of the seactor.
The teactors according to the present m-
vention are particularly suitable for carrying

ent éither exothermic reactions or endethermie -

reactions. In the former casd, a eoolant is

cizculated in the renctor shell, while i the

laiey oase g hearing mediom is- cironbated.

In either case, an Inprovexent iy be effested
in the control of reactions by the uss of the |
prescnt reactor in eomsequenics of its charde--

tefistic fearmres wherdby rthe initial stajze bf the
reaction takes place in the sections of the #&-

actor tubes which are not in conmtaet with the

heat exchanpe mediom, Thus §n an endo-
thepmic reaction the temperature of the re-
action mixture in the boftum few inches of
the tuhes will be high, thereafrer falling
rapidly to 2 minimum and thereafter gradually

rising. In an exotherinic reaction the tempera-
ture of the resction mixture will be fmitally
low, thereafrer rising rapidly to a maxinum
before falling graduably along the lengeh of the
tubes. It is believed that these temperature
charaeteristics are, in Tact, a result of the time
lag caused by the gas having w dissolve n
the rcaction mixture, followed by a rapid
initial rete of reaction which falls away as
the concenfratlons of resctants amd products
approach equilibrium values. The length of
the extensiom of the reactar whes below the
bowom tube plate can be made so that the
mitiman  remperatore (for endothermic re-

“actons) of mavimnm tempereture (for exo-

thermic reacions) is reached just ebove the
botforn .dbe plate where the heating or cool-
ing mediim-is Introduced énto the shell -The
velocity of the medimm may be made greater”
wheré the greatest transfer of heat iy required,
by meing of baffles. L

The reactor aecording to the preseirt favens
tion may be ustd fof effeching any of a wide
variety of chemical réaclions for example.
fralogenation, hydropenation, oxidarion, hydro-
formyletion, alkylstion and polymerization, of
which the following are specific exemples;.—

L. The OXO reaction berwesn propylene;
carhon mionoxide and hydrogen with ¢obslt”
carbomyl catalyst to muake bntyraldehydes.

2. Oxidarion with a2ir or oxvgen of light
hydro-cadbon mixtures to make fatiy acids.
3. Afr blowing of vegetnble oils, .
The inventien is Hlustrated but in no way
timited with reference w Figures 1—9 acebm-
punying the Provisional specificarion, '
Figurey 1—3 illustrate threc types of re-

actor according to the present invention,

Figures 4—9 illustrate different gag distri-
buting devices which may be etaployed at the
lower ends of the reactor types.

With referance 1o Figure 1 —

The resctor comprises a plurality of paraliel
vertical nibes 1, (fve shown) attached at their
upper eads ta a tabe plate 2 and; neap their
lowet ends, passing (htough tube plate 3. Tube
plates 2 and 3 constitere end sections to a
teactor shell, bounded by outer wall 4 having
attached thereio input and offtake pipes 5 and
6. rcspectively for @ hemt exchenge medium.
To ube piate 2 j5 bulied domed casing 7 hav=
ing a product offtake pipe & sftached durety.”
Ta 1be plate 3 is boltd (omied vessel 9
]fémg’ attzehéd thereto, réaciadt inpur pipe

Tubzs 1 are gravided, at thieit lower ex-
trémities, - with gas- distribution medns as
hemix‘lﬂacf-nre destribed. and more particularly
described hereinafter with referende to Figures
4-9; Baffles 11 and 12 are provided within
the reacror shell 4. .

With reference to Figure 2:— . - .

The reactor compriscs a pherality of parallel
vertical tubes 21, (three shown) atfached near
their apper ends o twbe plate 22 amd, ex-
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tending a short distance sbove said plate 22
and, near their lower cnds, passing through
tube plate 23. The reactor also comprises a
plurality of parailel vertical tubes 24 (two
shown} atlached nesr their upper ends to said
tube plate 22 and temminating below the level
of the vpper ends of tbes 21, said rubes
24 also passing through tube plates 23, Tubes
21 extend below tube plate 23 and are pro-
vided, at their lower ecxtremdities, with gas
distribwting mreans, as hereinbefore described.
Thules 24 extend below said tube plate 23 and
terminele at a level below the lower extremi-
tics of tobes 21, Tube plateg 22 and 23 con-
stitite eid sectivns to 2 reactor shell; bounded
by cuter wall 25 having attached thereto in-
put amd offtake pipes 26 and 27 respectively
for & heat exchange medium, To tube plate
22 is bohed domed casing 28 having a pro-
duct offtake pipe 29 attached thersto. To
tube plate 23 is boltcd domed vessel 30 hav-
g attactied therelo, resctant input pipes 31,
Bafiles 32 as provided withic the reactor yhell.

With reference to Figure 3:—

Tlhie reacior contprises a plurality of parallel

nrbes 41 (four shown) attached near their

upper ends v tube plate 42, extending & short
dispance ghové said plate 42, and near thelr
lower onds, passing through tube plate 43,
The reactor also compwises g pluraiity of
parullel vertival tubes 44 (two shewn) aitachied
mear their upper eads (o said tube piate 42
and rerminating below the level of the upper
ends of tubes 41, said tubes 44 also passing
throuph plate 43. Tubes 41 extend below
tube plate 43 and are provided, at their lower
extremities with gas distriburing means, as
heteinbelore geseribed. Tubes 44 cxtend below
said tube plate 43 and rermimate at a level
below the lower extremities of tubey 41 [ Tube
plates 42 and 43 enmstimte end sections to a
reactor shell bounded by outer wull 45 lav-
ing atrached thereto impur and offtake pipes
46 und 47 respeciively for a heat exchange
medivm. Te tube plate 42 is bolted domed
casing 48 bhaving a product offtake pipe 49
artached thereto. To tube plate 43 is bolted
domed vessel 50 having attached theretn re-
actnr input pipes 31, Tube plate 43 has
attached therero and downwardly depending
therefrom 3 vertical baffic 52 terminating be-
low the level of tubes 44 and effectively
dividing the chamber within casing 50, into
two conrparinvents, Morizontal baffles 53 are
provided within the reactor shell Figures 4
to 9 illustrate different gas distributing meang
which may be employed at the lower ex-
tremitics of tubes 1, 21 and 41 described
above,

fn Figures 4 and 5 disoibution Is con-
trolled by serrations as shown, Figure § illus-
trates a systems of inler ports, Figure 7 de-
picts 3 porous ring, attached to the lower edge
of the wbe wall, through which ring reactant
gas permeates. Figure § depicts a rapered.

serrated tube end. PFigurc 9 illustrates z
tapered porous plhg. :

What we claim is; —

i, A multi~tubuler reactor for effecting re-
actions, hetween at least one reactant in the
gascols phasc and ar least ome reactant in
the Tiquid phase, which necessitate, for their
contral, the transference of hear between the
reqctanty and a head cxchange medium, said
fezctor comprising g phwality of reaction

tubes which, in the operating positiop of the

réactor, are substantially vertigal, the wpper
ends of said tubes passing through an upper
twbe plate and the lower cnds of said tobes

passing throngh and extending beyond a owes.

tube plate, the portion of the tubes between
the lower and upper tube plates being cnclosed
ia a shell, whereby the cxtermal smrfaces of
said tnbes may be onmtacted with a hest, ex-
change medium ciroulsted within sxid shell,
the reactor being bounded below the lower

tube plaie and abovc the upper twbe plate

by enclosed cherobers provided with means for
the intreduction of reacrants and means for the
withdeawnl of producis, respectively, the lower
ends of at least some of rhe reaction tnbes
being provided with gas distributing méurs,
whereby, in opcraton, a stream of smalh
bubbles of the gaseous phasc reactant is caused
to ascend through the liquid phase resctant
within each tube provided with said means.

2. A reacror to claim 1 in wiich thert is.

provided at least one down fow tnhe, stb-
siantielly patailel to the renction (ubes, said
down flow tube passing through the upper and

‘lower tube plate and terminating at its lowet-
end below the ends of the reaction tubes..

3. A reactor according w claim 1 or 2 in
which gt least one vertical baffle is provided

witlia the Ilower chamber, mttsched o the

lower tube plate, whereby the upper postion
of said lower chamber is divideq inte ar lesst
o ecompartinents, means heing provided for
the separate introdnetion of gaseots reactant
to each of gaid compartments.

4. A reactor aecording to any of the pre-

ceding claims in which the shelf is provided .

with. horizontal baffles to coutrol the path of
the heat cxchange medium rthrough the shell.
5. A reactor aceording ro any of the pre-

ceding claims in which the gas distributiag .

medng consist of 4 porous ring artachéd to the
lower edge of the wall of a reaction mbe,

6. A reactor according tg any of claims
1--4 in which the reaction tubes have the
periphery of their lowsr ends serrated,

7. A multi-mbrlar reactor, for sffecting re-
actions between av least ome reactant in the
gascous phase and at Jtast one reacvant in the
Liquid phase, substanitially as hereinbefore
described with reference to any of Figures

1-—3 accompanying the Provisionsl Specifi--

cation, .
8. A multi-tubular resctor, as claimed in
any of claims 1—4 or 7 having gas .distri-
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buting means substantially 45 hereinbefore des-
cribed with reference to any of Figores 4-9
accompatying the Provislonal Specification.

T T T T MACDONBLED, - -
For the Applicangs.

‘PROVISIONAL SPECIFICATION

We, AnNGLo-drAMIAN OI1L  {OMEPANY
of Britannic House, Finsbury
Cirgus, Liondon, EB.CZ2, g British joint-
stock Corporation and RICHARD CHANDLER
of the aforesaid Company’s address and of
British nationality do hereby dechare this in-
veation to be described in the [ollowing
Stateiment : —

- (This tnvention relates to an improved re-
actor suitable for effecting reaction berween
ohe or more reactans in ‘the guscous phase
and one nr more reactants in the liquid phase.
More particulazly & reliates to a reactor suit-
ble for effecting reactions of the above type,
which are apprecisbly exothermic or endo-
thermic,

According to the finvention, there is pro-
vided u muld-tubular reactor comprising 2
plurality of fubes, which, in the operating
position of the reactor, arc substantially ver-
tical, said ‘twbes terminating ar their upper
ends in an upper ‘tube plate und having their
luwer ends extending through w fower tube
plate, the pordon of the tubes between the
lower ond upper twbe plates being enclosed
in o shell, whereby their externai surfaces
may be conpacted with a heat exchange
meditan,

The reactor is bounded below the fowest

mbe plate and above the upper 'be plate’
- by enclosed chambers provided with means

for the introduction of reactants ang
drawal of products, respectively.

- Preferably the lower ends of the tubes are
each provided with gas distributing meansy,

with-

. whereby, in operation, 3 stream of smail

bubbles of the guseous phase reactant is caused
o ascend ‘through the lMquid phase resctant,

withint each tube, in proximity to the wall of
said {wbe. :

The pas distributing means may take the
form of cut away sections gt or near the lower
erds of the tube, Altermatively the lower ends
of the mube may be fitted with porous rings

or plugs, for example, of sintered metal,

ceramic material, wire gauze or of fbrous
imaterigl. :

The gaseous feed passes infy the bottom
cHamber of tthe reactor, colfecting in the space
around the exfensions nof ‘the tubes helow rthe
wibe plate, amel thence bubbles up each tbe
theouph the distributing device. An advaniage
of ‘this method Hes in the fact that the distri-
bu*tirgg device is unlikely to become choked ag

Improvemen_t# in or relating to Reactors

it iz subject to the waushing action of the
Maquid reaction, mixture, ¥ further advantage
fies in the shnplicity of the feed conmections
to the base of the zeacror. Yer awother ad-
vantage des in the fact that the bubbles of
gas pass up near the walls of the tubes and
the reaction cem take place adjacent to the
swface through which heat is being removed

or supplied by means of the heat exchange.

medium, S

In 2 modification of this type of reactor
some 'mibes fre constructed as described and
pther tubes extend downwards from the
hottom tube plate to have their lower ends at
a fevel below that of the tubes which are
equipped with distribuiing means. The Hquid
in such a repctor will ciroulate up the tfbes
throngh which gas is passing and down fthe
wmbes extending into the liquid iu ithe Bortom
chamber of the reactor, and is especially suit-
ahle for mse in cases whereln the gas dissolves
witth relative case in the reaction sotgture but
wherein the reaction. in the liquid phase is
relatively Jlow.

In a further modification of this type of
reactor the bottom chamber is divided into
iwe or more compartments with separate gas
feed 7o each compartment, ‘The compartments
can he interconnected below the level of the
lignid, By wdjusting the amomt of gas Jed
to each compartment, the Bquid und gas resi-
dence thnes in the reactor can be varied,

The reactors mecording to the present in-
vention gre pariicularly suitable for carrying
out either sxothermie reactions or endothermic
reactions, In ithe former casc, a coolant is cir-
culated in the reactor shell, swhile ia the latter
case, g heating wedinm is circolated. In either
case, an improvement may be effected in the
comtro] of reactions by the use of the present
reactor in .comsequence of jts cheracteristc
featnres whersby the initial stage of the
reaciion tukes place in the sections of the
reactor tubes which are not in  contact
with the heat excharige medium. Thus in an
endothermic reaction the temperature of the
reaction mixture in the bottom few inches
of the tubes will be high, thereafter falling
rapidly %0 a mininvum before rising gradually.
In an exothermic reaction the temperzture of
the reaction mixture will be imidally- low,
thereafter rising mpidly to a mazimum before
Ialling graduaily along vhe fength of the hrbes,
It 4s believed that these temperarire charac-
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teristics are, in fact, a result of the time lag
caused by the gas having to dissolve in the
reacrion mixture followed by a rapid initial
rate of reaction which falls away as the con-
cantranions of reactants and products approach
equilibrium values, The length of the ex-
teosion of the reacror tubes below the
bottom ‘tube plate can be mude so that the
minimum temperature (for endothcrmic re-
actions) or maximum temperatre {for gxo-
thermic reactions) is reached just above the
bottom tube plate where the heating ox cool-
ing medium is dmtroduced into the shell. The
velocity of the medinm may be made greater

where the greatest trausfer of heat is re-

quired, by means of baffles,

The reactor according to the present in-
vention may be used for effecting any of =
wide variety of chemical reactions of which
the following are @ustrated : —

1. The OX0 reaction between propylene,
carbon menoxide and hydrogen with cobalt
carbonyl catalyst o make butyraldehydes.

2, Oxidation with air or oxygen of light
hydro-carhon mixtres to make fatty acids.

3. Afr blowing of vegetable oils,

The investion is ifustrated but in no way
fimited by the accompanying Figures 19,

Tigures 1—3 illusivate three rypes of e

-actor accordiag to the present invention.

Figures 4—0 iliuserare different gas distr-
buting devices which muy be employed at
the lower ends of the reactor rypes.

With reference 1o Fig. 11w

The reactor comprises a plurality of
parallel vertical wbes 1, {five shown) atfached
at thelr upper ends to a ‘tube plate 2 and,
near their lower ends, passing tirough tube
plate 3. Tube plates 2 and 3 constirgte end
sectons to a reactor shell, bonnded by outer
wall 4 having aitached therero input and off-
rake pipes 5 and 6 respectively, To tube
plate 2 is bolted domed casing 7 having =
product offtake pipe § artached rhereto. To
tube plate 3 dg bolted domed vessel 9 having,
artached thercro, resctant inpir pipe 10,

Tubes 11 are provided, at their Tower ex-
memitics, with gas . disceibuting  means as
hereinbefore described, and morc particularly
described hereinafrer with reference to Figires
4—9, Baffles 11 and 12 are provided within
the reactor shell 4.

AYith reference to Fig, 21—

“The reactor comprises a plurality of parallel
vertical tubes 21, (tluee shown) attached ncar
their upper ends to twbe plate 22 and, extend-
ing 2 short distance above said plate 22 and,
near thejr lower ends, passing through tube
plate 23, The reactor also comprises a
plurality of parallel vertical tubes 24 (two

742031

shown) arrached near their upper ends to said
tube plate 22 and ferminating below the fevet
of the upper endy of tubes 21, said tubes 24
also pussing dowough twbe plates 23, Tubes
21 extend below tube plate 23 and are pro-
vided, at thelr lower sxiretoides, with gos
distributing means, as hereinbefore described.
Tubes 24 extend below said tube plate 23
and teominate at a level below the lower ex-
tremities of tubes 21, Mtbe plates 22 and 23
constitate end sections to a reactor sheld,
bounded by outer wall 25 having artached
therero inpur and offtwke pipes 26 and 27
respectively, To tube plate 22 is bolted domed
casing 28 having a produce offtake pipe 29
artached thercto. ‘To tobe plate 28 i3 bolted
domed vessel 30 having amached thereto, re-
actant ingput pipe 3.

With reference to Fig. 31—

"The reactor comprises 4 pluarality of paraliel
vertical tubes 41 (four shown) attached mear
their upper ends to tube plate 42, extending a
short distance above said plate 42 and, near
their lower ends, passing through tube plate
43. The reactor dlso comprises a plurality of
parallel verrical tulves 144 {two shown) attached
near their upper cuds to said tube plate 42
and terminating below the level of the upper
ends of wibes 4, said robcs 44 also passing
through plate 43, Tubes 41 extend below rrhe
plate 43 and are provided, al their lower ex-
tremities with gas distributing means, as here-
inhefore daescribed. Tubeg 494 extend below
said tube plate 43 ang temminate at a levet
helow the lower extremities of tubes A1, Tube
plates 42 and 43 constitute end sectlons o 2
reactor shell bounded by outer wall 45 having
attached therete input and offtake pipes 46 and
37 respectively. To mbe plate 42 is bolted
domed casing 48 heving a product offtake
pipe 49 gteached therete. To twbe plate 43
is bolted domed vessgl 50 having aitached
thersto reactor impur pipe S1, Pube plate 43
has attached thercto and downwardly depend-
ing therefrom 49 vertical baffle 32 termicating
helow the lcvct of ‘mubes 44 and effectively
dividing the chamber within casing 50, into
two compartments. Figs. 4 to 9 #llustrate
different gas distributing means which may be
employed at the fower extromities of mibes 1,
21 and 41 described above,

In Figs. 4 and 5 distribution is controlled
by serrationg as shown. Fig, 6 iftustratey &
system of indet ports. Fig. 7 depicts & porous
ring, attached to the mbe wall and through
which reactant gas permeates. Fig, 8 depiots 2
tapered, serrated tube end. Fig, 9 iHfusiratcs
a raperad porous plug.

T. MACDONALD,
For the Applicants,

Lear{lingt.on 8pa: Prinled for Her Majesty’s Stetifonery Office, by the Courier Press— 1956,
Pubiished at The Patent Office. 24. Sonthampton Buildings, London. W.CL2, from which
rapies may he ohtained.
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1 SHEET oy drawing Is q reproduction of
the Original on o reduced scale,
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