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COMPLETE SPECITICATION

Improvements in

and relating to the Conducting of Chemical

Processes and Apparatus therefor

We, Jomv Buawarp HixnNG and
CR4WFORD  ATEXANUER  CUNNINGHASM
Perrre, both British Subjeets, both of
Wurion Hall, The Green, Norten-on-
Tees, County Durham and TMPERIAL
{HEMICAL INDITSTRIES LAMITED, 2 Britigh
Company, of Imperial Chemical House,
London, S.W.1, do hereby declare the
invention, for which we pray that a
patent may be grunied 1o us, and the
method by which it is fo _be performed,
{o he partienlarly deseribed in and by the
following statement;—

This imvention relates o processes of
conducting in the liquid phase chemieal
reactions involving a guseous reactant or
renctants and apparatus therefor.

According to the present invention
there is provided & method of conducting
within controlled renges of lemperature
and at superatmospheric pressure reac-
fions which occur in the liguid phase
between reacting substances of which one
at least is a gas and one at least is 2 Yigrad
reartion condifions, or
of which all are gaseons under the said
conditions and tlere is present alsa a
liquid medinm, the molar ralio of gas 1o
Hquid wused being such that little
vaporisation of the liquid oecuts, which
comprises, passing the reactants at 2

. Jesived temperature and in desived pro-

15 gusly paasing through the coils

40

- tions of temperafure

45 tage'!:h er with make-up

portions o o reaclion zone containing a
number of heat tramsfer coils, contina-
per anit
" of time a vnlnme of gas comprising at
Teast one gasepns reactomt obtained as
hereinufler defined, which volnme iy nf
least equal to that of said gaseons reactunt
fed per unit of time to the reaction zome
when measured under the same condi-
angd pressure, con-
tinuously mixing (he streams of gas from
the reaction zone and from the enils.
eas as desired, 1o
obtain the gas for rec_\'rgling to the reae-
fion gone and to the coils, the temperature
of the mas and the proportion of gus

passed to the coils being selected to give
the aforesaid cnntrolled ranges of tem-
perature in the reaction zome, An
important application of Lhe wethod is in
processes operated under superafmos-
pheric pressure of 50 atmospheres guuge
and _inore.

When the gaseous and liguid streams
to the reaclion gome flow co-currently
therein, preferably the reaclants are
introduced al, or near, the hottom of the
reaction zane,

The prnoess of lho invention is of
areatest value in relalion to exothermic
chemjcal processes. The coils in the
renction zone are then employed for vool-
ing purposes, the gas taken off being
cooled to the extent reguired by any suit-
able means, for examp?e hert exehangers.
The method of the invention is of speeial
value in reactions in which control of
temperatuve within very narrow limits is
nepessary, and {hen the femperatuze and
proportion of the reactamts should be
ologely romtrelled, preferably in auto-
malic panner, Most frequently the gas
fed to the regetion zone is prebested. The
invention will now he desclribed 1n rela
tion to exocthermic processas,

Txamples of regetions to which the pro-
cess of the invention may be applied are:
liquid phase Fischer Tropsch reaction;
svnthesis of glyeollie acid from squeous
formaldehyde and carbon manoxide; syn-
thesls of propionic aeid from ethylene,
rarbon monoxide and water: reductive
alkylation of aromatic nifro-hodies and
amines to give alkyl substituted amines.
e.g, NN*-dialkyiphenylene diamines; and
amination of hirh boiling aldehydes and
ketones. Speaking broa v 1 may be
n'ﬁpllgd advantageously to exothermie
ehemical reactions having heats of reac-
tion of aboul 20 to abeut 200 kilo cals per
gram. mole of preduct.

The eriterion that little vaporisation of
the liquid is parmissible has the follow-
ing significanee. I reaciions which take

—Classes 1(i), F(3a2: 20); and Z(iii), Blg, (2a(l: 2: 7: 13: 14),
C3a(5c: 7: 10a4}, C3aldad(alc: bl: .

60

55

60

70

75

80

35

oo

95
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place predominanily in the liquid phase
1t I mecessary for efficiemt operation that
the reaction zone showld contain as mueh
_ ligwid as possible compatible with there
2 being sufficient geseous reactant or
reactanls present for the reaction. If w
large sxcess of mussous reactant relative
to the liguid were present in the reachion
gone thers would be the {endency for a
10 oonsidershle amount of the Hyuid -burden
{o vaporise and leava the reaclion zone as
vapour. The maferin] vaporised in this

way- wonld not be aysilable for liquid -

phage gperation (a disadventege which
15 would be aggravated when the liguid
comprised & reactant) and comsegquently

tha over-all efficiency of the process would

be considerably reduced.. Tn reactivns of
this sort, therefore, little vaporisation of
the liguid iy permissihle, and the slm s
to conduct the reaction vmder such con-
ditions that the  minimum possible
vaporisation of the liguid takes place,

: However, control of ihe temperature
25 within the reaction zone is needed, and

with many reactions this control requires.
to be exercised within = wvery narrow
range of temperature, - But this control
canunot  be cffected -in the manner
30 eommenly employed in chemiesl pro-
cesses, namely %Jy. inurcasing the wolume
of graseous reactanl relative to the Iiguid
fad to the reachion zone, sinee, as indi-
eated ahove, wvaporisation of the Intter
35 would ocour and adversely affech the reac-
tion. MAccording to the present invention,
therefore, control is achieved by passing
through coils siluated within the rese-
tiom vessel a volume of ghs per unit of
40 tims comprising at leash oue gaseous
reantant which 18 at least equal to the
volume of fthe gnseoms reactant fed per
unif of time to the reaction zome, said
- two streams.of gug being both oblainsd

‘45 from a common stream of gas prepared
25 herein deacribed.

While the actusl medus operands will
alter with the reactants, and especiull
with the heat of veaetion, it mﬁ
commonly be gsuitable to use a ratio,
vulume of gas passed through the coils
per unit of time: volume of gas fed lo
the reaction zone per nnit of time, of at
. lpast 3:1, measared at N.T.P. However,
55 other factors permitting, it is preferrad

50

tg conduct the process in such o way that

ithig ratio Is at least 9:1.

Huving regard 4o the gbove diseussion,
the method of the imvenbion is of par-
tienlar application in ezothermis pro-
vesses for which the theorefical melay
tafio of gas to ligeid reacbant reguired
is in the order of from 2:1 io 4:1, and
in which the actual ratio used for effeo.
65 tive reaetions js not higher thanm 7:1.

&0

However, the msthod of the invention. may

sotetimes be used with adventage in pro-
cesses in whick the aetual molar ratio of
gag ta liquid reactant employed amounts |
to as mueh as 5 timey the molar ratlo nf 70
gas absorbed in the reaction ta liguid
reactant by which it is absorbed.

If all the resctants are gusevus nnder
the resclivn vunditions und couseguently
i becomes necessary to have an inect T8
reaction mediam present, then ths molar -
ratio of gas to liguid is preferably chosen
50 that the reaction zome Iy sabstantially

- full of liguid phase and the gus rates are
afjusted so that substantially o vaporisa-

80
tion of the liguid oscurs. :

The method is suitable in particular for
the exothermic process comprising the
carbonylatien to oxygen-rontaining com-
pounds, especially aldehydes, of mono-
olefines confaining from 2 to 18 carhon
atoms, especially these confaining up te
12 eathon -atoms, and cyclohezene, by
means of carbon moenoxide and hydrogen
e, at.pressures of 200 to 300 atmos=. 90
rheres gange and temperaturss of 100°
to. 180" in the presence of a cobalt .
eatalyst, which Is preferably in dis- -
golved form. for example as the salt of a
fatty acld e.r, eobalt acelate, and imore 95
especialy as cobalt naphthenate, When
mano-olefines enniaining from 2 to #..
cathon atoms ave trented it is necessary -
ar dasirahle to. have present in the reae
tion zone an imert liguid mediem, e 100
satorated bulens {rimer, an asleohol such
ag 5.5,4-trimethyl hexanol, or an ether
snch as dinonyl ether to provide the
Tiquid phase, With 02 and (3 defines
the inert medinm is necessary for liyuid
phase operation. While Q4 and 035 ole
fines are liguid within pardial ranges of .
the reaction condilioms, it is nevertheless -~
desizable with them {o have an inert.
mediem preseat in order to permit liguid 110
phiass operation thronghout the range of
reaction ronditions, When the coball =
present as a soluble sompound a liguid -+
ineft medivm or ulefine is essential.
‘When such an inert medium is employed 115
and. it is desized to hydrogenate the
carbonylation prodact fo alechol sub-
sequently, it ig preferred to separats the’
madinm from the hydrogenation produst,
a.g. a5 the botloms obfained hy distilla- 120
tion, and to refurn it to the earbonyle-
tlon geption. - While from the reaction .
viewpoint, a wide ranpe of H,/CO mix-
turcs can be employed inthe process, c.g.
molar ratios of from 1:1 te.4: 1, 3 is pre-
terved for best reaction o use 2 1:1 malaxr
ra;mt' of H, d G0, W%_}'eh can-be dona if the.
reacior and anxllary eguipment are
Lined with. & CO-resislant [*Inmia%arial suel
as copper. However, if ordinary steel 190
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equipment is employed it is desirable that
this ralio should be uot less than 2:1 and
preferably about 3:1.

Preferably, the gas which has passed
through the roils is subjected tu freat-
ment, for cxample in a heat exchanger,
for removing scnsihle heat absorhed by if
in iis passare {hirough the coils before
being comhined with the siream of gas
from the reactor. Preferably, alsv, the
exit gases from the reactor are rovled,
e.g. by indireet heut exchange, and
liguid product carried by them 18
removed in one or more catchpots amd
returned to the main stream of liguid
reackion product. i will thus be seen
that the circulating gas is divided info
two etreams, a reactlon gas stream, which
is fed to the reaction zone, and a cooling
gas stream which is passed throuvgh the
cooling coils situated in the reaction gone,
and that these sireams are combined on
the oxit sife of the reactor and returned,
together with make-up gas, for distribu-
tion as befoge betwesn the renction zune
and cooling coils,

The conling coils may comprise a large
number of individunl slements, which
be of any desived shape and length,
buf preferahly are of considerable length.
that is at least 3 times, and more prefer-

ably ai least § times, the le h af the
reaction zone, in order to Bl o large
volume of the reaction zone. Preferably

ezch element or pipe i ronnected at both
ends tn & common header. This arrange-
ment has the advautage that by provid-
ing o large number of purallel paths for
the cooling gas pressarc drop, and there-
fore power expenditure, is considerably
reduced. A preferred form of coil com-
prises  numher of superposed serpentines
conmected by intermediate pipes, the
whole being continuous throughout its
length. Preferably 12 or more of these
eoils are employed, each connacted at
both ends 1o common headers suitably
located in the apparatus. As o further
preferred feature the coils are arvanged
so that cach serpenfine is staggered
linearly or angnlariy with respect to the
serpentines of the next adjacent aoils,
Whis arrangemnt provides a kind of net-
work within the remetor and promotes
mixing and contact of the reactanis,

As a further prefarred feature of the
invention, the reaction vesscl is fitted
with & removable veaction basket of lesser
dismeter than the vessel and insulated
from the walls thereaf by a suilable
insuluting material, e.g. asbestos cement.
This nssembly has the advantage that
stress is taken by the outer forging of the
reaction vessel, whish is kept anol hy the
insulation and therefore vetains its

strength, and that any gorrosion which
oceurs tends to be limited io the hasket,
which cap be readily removed and
replaced, and does not affect the more
expensive heavy 1
Lasket is employed the coils, in particular
the serpeatines, fraverse substantially the
whole widtl of the haskel.

Preferably the gasecus reactanis are
feq] {0 the bottom of the reactor by several
pipes, wlthough a single pipe may be
nsed  if _
employed. the pipes preferably pass down
botween the basket and the walls of the
vuter forging and are smxrounded with
\Lie befors-mentivned insulation. ]

Preferably the gas feed pipes are fitted
with spargers oy Toses at the botlom. Pre-
forably, also, they arc provided with
expansion compensating bends in the
upper part of the reactor,

f all the reactants are pormally
gaseous al the reaction temperatures and

pressures, it s necessary for liquid phase
reaction to employ an inert ligmd to serve
as o reaction mediym and this may be
introdnced af varions points in the
reacior hut is preferably introduced near
the bottom thereof.

The process in its prelerred form pro-
vides 1he sdvantages thut the tempera-
ture in the resction zone cam be main-
fuined within parrow limits without
introdueing more gas directly 1o the

forping itgelf. When & 0

W

desirad, When a  basket is-

80

96

reaction zone than iy permissib'le for the 100

veaotion or reaction econditions, and $hak
by the uwse of the common hendery an
serpentines, pressure drop within the
cooling system iy kept (0 & minimum and
renehion within the reactor is promoted
hy the intimaey of contaet and mixing ol
the reactants bronght aboui by the nel-
work of coils. Mareover, in previeus pro-
cesses separate eonlant, ez, a Liguid, was
cireriated through eolls situated in the
renction zoae and connected to an inde-
pendent heat removal system, but this
gither soffered from ihe disadvantage
thal the coils had to be sufliciently strong
to withsland the high pressure obtaining
in the reaclion zone, and were thercfore
very heavy, incificient thermally, and
expensive; or ilhsl the external syslem
had to be operated wuder the pressure
obtuining in the reactivn zone and this
meant a ralatively costly sysiemn inelud-
ing compressprs. The disadvaniages of
using high pressure steem with its tend-
eney for leakage are well kmown. In
cortrast with these provesses the presemt
progess permits the nse of efficient, rela~
tively thin, coils and avoids the use of an
additional high pressure system inelud
ing rompressors, :

As another important feature .the
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invention  comprises an  apparatus
adapted for conducting chemical pro-
cesses of an exothermic or endothermic
character under superatmospheric pres-
& sure. The appavatus comprises in its
esgentials a hollow renction vessel capable
of withstanding high pressures wj[ljlich,
optionally, is provided with s removahble
reaction baskel inswlated from the walls
10 of the reaction vessel by suitable iusula-
tion, and which ig fitted with 2 number
of eolls, comnected gt their ends o
common henders and isolated from the
reaction zone, throwgh which an indirect
15 cooling medium_ ran he cirevlated, thus
providing a number of parallel paths, and
is provided with feed pipes for the react-
ants delivering to the beoftom of tha
reactor and wilh a take-off pipe or pipes
for the liquid and gaseous products with
fntekes near the top of the reactor. There
is a reactant gas recycle pipe line with
braaches om the feed side of the reactor
- for distributing gaseous renctant to the
25 reaction zone ihrough the said feed pipe
or pipes and fo the said coils through a
header, und branches on the exit side of
the reagtor by which the gaseous product
from the reaction zome through the sajd
28 take-off pipe or pipes and from the coils
through the header are received for
recyeling and distributing as before. Pre-
ferably, the cooling coils are in the form
of separate lengths of piping of any
34 desired shape or form comnccled at hoth
ends to headers. More preferably each
coil is of considerzble lenlgth that is at
least & times, in parfioular of least 6
times the length of the reaction sone, and
40 comprises a number of serpentine coils,
for example at least 4, comnected by
intermediate lengths of piping, the whele
forming a continuous unit. Treferably,
the number of parallel paths is the mexi-
48 mum possible sinee this gives the mini-
mum pressure drop.  In addition o
renoviag heat of reaction the network of
serpentines breaks wp the gas bubbles and
promotes reaction between the gaseons and
60 liguid comwponents. Tt is desirable 1o
arrange the aoils so lhat the serpentines
ura steggered linearly andfor angularly
with respect to those of the next adjacent
eoils.  Tn nne arrangement for use with
8% a 34" x & diawmeter reaction basket there
are 18 parallel mild steel couling coils
vach of 1*f,” outside dismefer and 17
nominal bore and comprising 13 serpen-
tines. Neighbouring serpenfines belong-
89 ing to differant coils pre pitched with their
axes at 2%/, eentres, and cach sexpeniine

is 38" long.
This arrangement has lhe advantage
that it promotes goed mixing and con-
85 tuct .of the resclants, By the use of

2l

L]

apparatug of $his kind the leat of reaction
ran be removed Dy indirect means in such
manuer that the femperature inside the
reaction zone can be maintained within
narrow limits, which is esseniial in many 70
proeesses, and this eun be achisved with-
out introducing more mas directly to the
renction zone than is permissible for the
reaction or the reaction conditions.

Tn using the apparatus for exothermin 78
reactions 1t iz preferably arranged that
the couling cnilf exit pipe feeds intn the
gaseons fake-off [ine, that both include
indirect heat exchangers snd that the
returned gas, together with needed make-
up, is fed partly fo ithe reactor through
the gas fecd line and partly to the cooling
eoils through a lina Teading to them.

A typical apparatug according to the
Iivention 'is shown in verlical medial 85
section in Fig. 1 of the drawings aceom-
pauying the provisional spesification. I
repregsents the reactor shell, which is a
mald steel forging; 2, 2 two gas feed lines
each provided with expansion hends 3
(actually there ave seven gus feed lines in
the anparatus, Lul for simplicity only
two are shown); 8a the liguid reactant
feed line with expangion hend 4 and
sparger 43 shown; 5 the reectivn basket 98
{optional, but preferred), which is closed
at tap and hottom by end cover plates G
7 the individgal cooling eails {of which
there arc ihirteen bnt only three are
shown for simplicity) each comprising six 164
or seven serpentines 8 connected hy inter-
mediate Jengths of piping 9, each indi-
vidual coil being contimmnus throngheut
its length. The coils 7 lead through the
end cover plates & to the common headers 100
10.  The ecirenlating cocling mas enters
al 11 and leaves at 12, thus flowing
cu-current, inside the woils, with the
direction of flow of the resctants, The
liquid produet iy {alken aff by the pipe 13, 110
In this partivular form of apparatus the
residual gas also leaves by pipe 13. 14
i a cyliudrieal stool for the hasket. Im
this particular unit there is insulation
between the reaction basket apd the 116
reaetor shell, but this is not shown in Big.

1 for simplicity.

The temperature is indicated by means
of a sheathed thermocouple stretehing to
the hottom of the vessel, indicated hy 14, 120

As described above, in the apparatus
shown in Fip, 1 fhere are saven gad feed
Dipes, and these are distributed al egual
distances round the rireumference of the
b_aaket aud are surrounded with insula- 125
tion.  However, the invention contein-
plates the use of any suitable number of
gay wnd liguid Jines oz desived.

Fig. 2 shows  suitable form of serpen-

fine ¢oil.in plen view, 13p
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Using the apperatus described, di-
ischutylene was reacted in the liguid
phase  with carbon mouoxidefhydrogen
5 mixture containing 25% carbon monoxzide

by wolume, at u {otel pressure of 250
atmospheres pange wnd a femperature of
140*—170° C., in {ke presence of 0.1% of
cobalt fed as naphthemate dissolved in
10 the feed, and there was obluined & pro-
- duct comprising 3,5,b-trimethylhegunal-1
and 8,5,5-trimethylhexanol-l. The di-
isohatylene and earbonglatmg' gus lecd
pipes enlered the top of the reactor and
1% Introduced the reacfants to the reaclin
gope st the bottom of the basket,

The capacity of the converter was 3
cubic metres (176.8 oubie feel) and the
rates of flow were aphrowimalely as
follows, the mas velumes being measure
2l 20° €. and atmospheric presmre: 2.0
cuble metres (88.4 cubic {cet) of ligmd
di-isobulylene per hour, 2600 cubic
metres (88400 cubic feet) of carbonylat-
95 ing gas per hour, and 36000 cubie meotres
1,271,160 eubic [eet) of cooling gas per

our.  In eftect 1900 cubic metres (87030
cubic feet) of residusl gas from the
reastor together with 50U cubic metres
(17680 cubic fcet) per hour of hydrogen
make-np and 270 cubic metres (9534 cubie
feet) of carbon monoxide make-up ure
mixed with 38,000 cubiv metres (1.2¢1,160
enbic leet) of cooli as  COMPTISING
86 carbon munuxide angd yfrugen, and the
whole is recyeled and distributed between
the reactar and cuuling gas eivenit in {he
gume praportions as belore.

Tn ihe upparatus employed theve were
13 cooling gas paths in parailel, encl of
1%/,” outside diametsr and 1” nomipal
bore mild sieel tuhmg and cywprising
13 serpentines, vae di-scbutylene feed
pipe and 7 earbonylating gas feed [npes.

he carbonylaling gas was fcd to the
reaction zone at a temperutuve of 1407 L.
and the gamseous reactants leaving the
reaction zohe were at 170° (. ; the cooling
aag entered the coils at 120° C. and left
them at 153° C.; and after mixing these
sireams the rooled joint gas stream had 2
temperature of 106° C,, rising to 120° C.
after passing through fhe oIrenlating
pump. 'The reaction gas feed was pre-

55 heated to 140° C. hefore entering the

" reaction. zone. .

Asg further fealures of the invantion the
apparatus and process are also applicable
tc endothermic reactioums, provided the

60 reaction temperature is mot lue high, in
which cuse the procedure is to employ the
same gas cycle and distribnting sysiem,
but tn pass heating gas through the coils
instead of cooling gns. The eirculaling

65 wuses arc beated in one or more heat

40

45
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excinugein, 1he reactants are preheuted
and broughl together in the reaction zone,
the temperature thercin being comtrolled
within the desired limits by controlling
the temperature and gunantity of gus pass- 70
ing through the ecoils.

As in exothermic, so in codethermie
processes, the propuortion of pas passing
through the eoils is preferably at least
nine tfimes that ¥ed to the reaction zone,
and the method of the invention is of par-
tienlar value in processes in which the
theorefieal molar ration of reactant gos
to veactant liguid is in the order of from
2:1 fo 4:1, but does not exceed 4:1. 11 80
will be understood that in both typeg of
process it ia neeessary to employ o pro-
periion of gaseous reactant in excess of
the stiochiometric smount in order fo
cause the reaction te proceed, and in prac- 85
tice, therefore, the molar ratio of gas to
liguid may be ag high as 7:1, bui pre-
ferably sheuld not exveed this.

If desived there may be u numnber of

l}emler,\;lat each end of the eoils, but this 90
aoes not give as good results as a single
hieader. It 1s of advantaps 10 use a
header of relatively large size.
_ In thiy specifieation by parallel paths
15 meant, by anslogy with elevirical ter-
minclogy, puths beiween whose ends the
same pressube drop exisis.

Iuslend of u serpentine there may he
used any yther shape or forrm of coil liuy-
ing considerable lemgth and adupled io
peck convenivaily wily adjucent similar
coils.

In the apparatus above  desezilbed
(¥ diam.) we hove found goed resulls ave
obtained using for each 2.4” depth of 105
reaction space containing liquid a 8%
long 1%/, outsidex1” inside diameter
mird steel serpemiine pipe, For emch
such 2,4” depth the linear length of this
pipe per syuare foob of cross-sectivoal 110
area  of the reaclor approximutely

75

95

100

Most freguently, to achieve the henefits of
the invention in major degres, it Is
desirable that thiz figure ¢hould net he 115
less than 2.0 and preferabls thut it should

be at least 2.6, especially when the reac-
tion is highly exothermic. Hencs, the
heat {renster characlerigtics of tha pipes
employed for each 2.4” depth of reaction 120
space siould be ab feast cquivalent 1o
those of 2’ of the aforesald mild steel pipe

per square foot of cross-sectional area of
reaction space, and preferably equiva-
lent to more than 2.6 ft. per square foot 125
similerly delimed.
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What we claim is:— ... .

L. A method of econduecting withis con-
trolled ranges of teraperature and =i
superatmospheric = pressure  veactions
& whicl vecur in the liguid-phase belween
renciing subsiances of which one st Ieast

iz a gas and one at least is o liguid woder
the desired reaction conditioms, or of
which all are gasecus under the said cep-

10 ditions and there is present alsu 2 liquid
medinm, the molar ration of gas to liguid
used being such that little vaporisation

of the lignid ocenrs which cemprises,
passing the reactants at a desired tem-

16 perature and in desired proporiicns to a
reackion zone containing a nomber of heat
transfer coils, continuously passing
through the coils por unit of time o
volume of gas comprising ot least one
%0 gaseous renctent obluined as hersinafter
defined, which volume is 2t leamt equal
to fhal of said gasecus reactant fed per
unit of time to the reaction zone when
measurad under the same eonditions of
temperature and pressure, contipuously
mixing the streams of ges from fhe reac-
tion gone and from the coils, together with
make-up gas as desived, to obtain the gas
for reeyeling ta the reastion zone snd to
%0 the coils, the temperature of the gas wnd

the proportion of gas passed tu the coils -

heing selected {o give the aforesaid con-
trolled ranges of temperature in the reac-
tion zone, -

2. A proecess as claimed in Olaim-1 in
which the coils form substantially a nef-

35

work in the reaction sone.

3. A methad as claimed in Ola:i:m-l. or .
2 which is aperated in such manmer that

the gaseouns and lignid strearss to- the
reaction zone fvw co-ourrently therein
and {he reaclants are introduced at or
near the hettoxy of the reaction zone,

4. A method as elaimed iz Claim 1, 2
45 or 3 when conducted at pressures of 50
atmoespheres gauge or mnra. o

4. A method as claimed in Qlaim 1, 2.
% or 4 for condneting exothermic reactions
in which the gas passing through the coils
1y employed to rewmosve heat of rsaction
Lrom the resction, zone.

. 6. A method 2s claimed in {flaim.1, 9,

3, or 4 for_conducting endothermic reai-
- lwug in which the gas passing through
§b the coils iz employed o supply heat to-the

reaciion zone. - :

7. A process asg claimed in any of
Clakms 1 to b in which the volnme of gas
fed to the coils is af least nine times Hhat

40 fed to the reaction zome per wuit of time,
when measured nnder the same condi-
tions of temperature and pressure, .

8. & provess as-claimed in any of Claims

T 1o 4 or ¥ In which the theoretica] malar
85 ratio of reactunt gas to reactant liguid is

which

from 2:1 to 4;:1.. _ ] .

-9, A proctss us claimed In any of
Claizis 1 t0o & or 7 in which the actual
molar ratio of pas o Fouid does not
exeeed 7:1,

10, A process as eleimed In woy of
(Maims 1 to & or- 7, 8 or 8, in which
scnsible heat absorbed by the gas in its
{)ussage thirongh the coils is removed in ot

sagt one externa] heat exekanger. 17
A1 A process as clulmed 1m any of
Claime 1 4o 5 o2 7 to 10 in whieh the exit
{{aaey from the weactor are cooled, and
iquid produet i separated from them inu
vessel guch as a catehpot. »n

12, A process as clalmed in any of
(*laims J. to 11 in which there are a num-
ber of coils traversing the rezction zone
and these are cannected at each end to
common headers, thue providing s num- 88
her of parallel gas paths through ths
lignid g hereinbefore defined. _

13. A process as claimed in Claim 12 in
which, there are at least 12 paraliel paths
through the liguid, _

14. A process as claimed in Claim 12 -
or 18 in which eaeh path is 'at least 6
times {he length of the reaction zane,

15, A Ez'ocess ag claimed in any of
Olaimg 12 %o 14 in whiech edeh path is pro- 8§
vided by o number of serpentine coils
connected by intermediate pipes,

16. A process sg elaimed im Claim 15 in
y each serpentine iy stagpered
linearly andfor angularly with respect to 100
the serpentines of the next adjacen! coil.
17, A process as claimed in any of
Claims 1 tn 16 in which the reaction zone
comprises a .vessel provided with a
removable reaaction baskes, .

18. A process ay claimed ™ any of
Olalmg 1 to 5 or 7 1o 17 for the carbonyla-
ton of monc-olefines containing from 2 4o
18 coxbon atoms, or of cyelohexenc to
exygen-containing compounds by reaction 110
thersof with gas mixlureg compriging
carban monoxide aud hydrogen. )

18. A process sa claimed im Claim 18
for the carbestylation of mono-clefines
contaiging ¥rom 2 tu 12 carbon atoms 1o 115
oxygen-containing cumpounds.

- 20, A process as claimed in Cluim 19

in which o temperature of 100° 1o 180°

C., a pressure of 200 to 300 atmospheres _
gau%e and a dissolved obalt catalyst aro 320
employad. .- -
. 2L. A process as slaimed in Claim 20

in which the mono-olefine contuing from 2

fo 5 earbon atoms and an inert liquid
reavtion medinm is cinployed. 1

22. A methoed 28 claimed in Claim 6 or .

G together with any of Claims 12 to 17 in-
whirh the wolume nf gas fod to the coils
s at boast nive thmes that fod o the rean-

tion zone per wnit of time.- 130
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28. process as claimed in Olaim 6 or 22
in which the theoretical molar ratio of
veactant ges to reactant liguid is from
2:1t04:1.

24, A process as cleimed in Claim 6 or
22 or 23 in whieh the actual molar ratia
of gas to liguid does not exceed 7:1.

95 An apparstus adapted for carvying
out exotharmie or endothermie chemical
10 provesses conducled under superaimos-

pheric pressyre in the liquid rhase
hetween gaseous and liquid rcacfants or
between two or more gassous reachamds,
which comprises a hollow reactlon vessel

16 capable of withslanding bigh pressure,
provided with feed pipes for the Teactanis
and an oi-take pipe or pipes for the pro-
ducls, and fitted with a nuirber of coils,
through which reactant gas can be passed

20 ay heat transfer medium, traversing the
reaction zone and vonnected at their ends
fu vommon headers which are isalated
from the reaction zons, and a reactant gas
recycle pipe line provided with brunches

25 an the feed side of the reactor for distri-
buting 2 gas comprising gaseous reactant
to the reaction zune through the said feed
pi]ﬁwr.» or pipes and to the said coils throngh
a header, and hranches on the exit side nf

86 the reactor by which the gaseous pruduct
from the resction zoue through the said
off-take pipe or pipes, and from ihe coils
throngh the header, are received fox
recyching and distributing us before,

25 26, An apparatug as claimed in Claim
95 adapted for operation in suck manner
tha( the gascous and Jinuid streams to the
reaction zowe fow co-currently therein,
which is provided with feed pipes feeding

40 %0 or mear the Lottom: of the 1eaction
zone and with a gasecus and liguid pro-
duct lake off pipe or pipes with their off-
takes situated near the top of the reaction
ZODE,

46 J7. An appuaratus us elaimed in Claim

" 25 or 26 in which {he coils form substun-
tially a network in the reaction zone,
.98 An apparatus as cleimed in Claim

[}

25, 26 or 27 provided with a removable
seaction hasket insulated from the walls 50
of the rveactlon vesscl hy suitable
insulation.

29. Ap apparatus as claimed in Claim
27 ar 27 and 28 i which there is a lavge
pumher of ecoling coils each having @ |
length ot least 6 times that of the reaction
zone,

30. Au apparatns as claimed in Claim
19 in which cach coil comprises a number
of serpentines. 60
- 81. An apparatus s claimed in Claim
30 in which the serpentines are staggered
lineazly or sngularly with respect to
adincent coils. :

52 An apparatus us claimed in any of 86
Claims 20 to 31 ia whick the thermal
transfer characteristics uf the coils per
2.4” depth of reaction spave are ai lcast
equivalent to those of ¢ limear feet of mild
steel pipe as heveinbefore defined per 70
square foot of cruss-sectiomal area of
reaction space.

33, Am apparatus as claimed in Claim
82 in which the said characteristics are of
least equivalent to 2.8 feet{square foot of 75
cross-sectional aren of reaction space.

34. Amparalus us cleimed in any of
Claims 95 to 33 in which the gas recyele
aystem is provided with heaf exchanyers
gud jor heating devices suitably silualed. 80
B, Apparatus as olaieed 1n any of
{laims 25 to 34 chuaracterised in that $he
off-take for the guscous and liquid pro-
duets ia o single common pipe,

36. An apparatus adapted for carrying 85
vuwi exothermie op endothermic chemical
pracesses conducted under supsratmos-
pheric pressure in the ligmd phase
hetween guseous and liguid rescionts or
Letween two or more gaseuus reactants, 90
substantially as deseribed by reference fo
the drewings accompanying the pro-
visional speecilieation.

J. W. BIDSDALE,
Solicitor for the Applicants.

[

PROVISIONAL SPECTFICATION

Improvements in and relating to the Conducting of Chemical
Processes and Apparatus therefor

Jomx Bupwarn Hairovme and
ATEXANDER  UUNNINGIIAM
Prrags, both Dritish Subjecis, hoth of
" Norton M=zll, The Green, Norton-on-
Tees, County Durham amd IMPERIAL
CHEMICAL INDUSTRIBS LIMTTED, 4 British
100 Company, of Imperia]l Chemical House,
Millbank, TLondom, §.W.1, do hereby
Jeclare the nature of this invention to be

as Tollows:—
This inveniion relates fo methods of
108 conducting exothermic or endethermic

We,
95 URAWEORD

liquid phass reactions involving at least
one gaseous reactant. '

Ag ome feature the invention provides
a method of conducting exothermis reac-
{ions in the liguid phase, especially when 110
carried oput under superatmospheric pres-
sure, &.&. at pressurey in excess of
atumospheres gange between reactants, of
which ot lenst one is gaseous, the propor-
fion of gas to liquid Deing relatively 115
smull, which comprises continnonaly feed-
ing the reactants ot the desired tcmpere-
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ture and pressure and in the desired pro-
portions to, or near, the boftom of a renc-
tlon. zome conbeiming cooling coils, com~
inuously vireulating through the coils
b per unit of time a wolome of a gaseous
mixtare, abhinined as herainafter dsfined
and comprising a gaseaus reactant or
reactants, which iy al least agual to that
of said gaseous teactznt or rveactants
10 reguired per umit of time for the renction,
continuously mixing the slresmns of gas
frome the reaetion zone and from the covl-
ing ooily respsctivaly, together with
make-up gas as desired to obtain the
15 gascous mixture for circulating to the
reaclion zone and to lhe cooling coils,
the temperature of the gas &t any
point in the system being comtrolled as
desired. Mosi frequently the gas fed to
20 the reaction zome is preheatsd.

Preferably, the proportlon of ceoling
gas o reactant gas iy at least 9:1 by

volume measurad at N.T.P, .
The method is of partioular application
25 in processes in which, for ezomple, the
malar ratio of gas to liguid is in the order
of from 2:1 ta 4:1, but doss not axceed

41, .
Prefernbly, the ges which has poassed
80 through the coils 1a subjected lo treat-
ment, for example in a heat exchanger.
for removing sensihie heai absorbed hy it
in its passage through the coils before
being combined with the stream of gas
86 from the reacior. Preferably, also, e
exit gases from the reactor are cocled
e.. by indirect heat exchange, and llq‘lllli
vroduct carried by them is removed in one
or more catchpois and retnrned to the
40 main_stream of liquid reaction prodwet,
1t will thug he seen that the eirculating
a3, is divided info two streams, & reac-
[ion, gas stream, which iz fed to the rese-
flon zone, and a cooling gag streain which
45 is pussed through the covling cuils situ-
ated in the reaction zome, and that these
streams are comhined on the exit side of
the reastor and refurned, together with
make-up gas, for distribution as before

50 belween the reaction zone and cooling -

coils,

The coaling coils may comprise a large
number of individual elements, which
may be of any desired shape and length,

58 but preferably are of consideruble length
i% order o fill a large volume of the reac-
ton zone. Prefersbly each elsment or
pipe 1 connecied zt both ende to 2 com-
mon header. This arvangement hos the

§0 advantage that hy providing a large
number of parallel paths for the cvoling
gas, pressure drop, amd (herefors power
expenditure, is considerably reduced.
A preferred form of enil comptises a

68 number of superpesed serpemtines con-

nected by intermediate pipes, the -whole
being' coptinuous throughoul its length.
Preferably 12 or more of these coils are
employed, each eonmected at both ends to
common headers suitably located in the 70
apparatus, As a furthsr preferred
feature the coilg are arranged go that each
serpenting is staggered lineavly or
angularly witk respect to the serpentines

of the next. adjacent colls, This arrange-75
ment provides a kind of networly within
the reactor and prometes mixing and con-
tact-of the reactants.

. Ag a furthee preferred fcature of the
invention, the reaction veszel is fitted with 80
e removable reaciion hasket of lesser
digeeler than the vessel and insulated
from the walls thereof by e suitable
insulating material, a.g, ushestog cement.
This assembly has the advantage that BE
stress is taken by the outer forging of the .
reachion vessel, ‘which s kept cool by fhe
ingnlation and thercfore relains its
strength, and thet any eccresion which
ogeurs tends to be limited fo the basket, 90
which can be readily removed and
replaced, and dnes mot affect the more
expensive heavy forging ifself, When u
basket, is employed the ¢oils, in particular
the serpentines, traverse substantially the 96
whole width of the basket,

Preferably the gaseous reactants are
fed to the hottewm of the reactor by several
pipes, althou%vl}ha single pipe may be used
1f desired. en a baskeh is employed, 100
the pipes preferably pasg down between
the basket and the walls of the outer forg-
ing and are snrrounded with the befure-
mentioned insulation,

Prafarably the gas fecd pipes are fited 106
with spargers or roses ab the botlom.
Preferably, also, they are provided with
expansion  compensatiug Dbends in the
upper parh of tha reaclnr,

. I0 all the reactants are normally 110
gasequs at the reaction temperatures aad
pressures, it is necessary for liguid phase
reackion fo employ an inert liguid to serve
ag reaction medivm and this may he intro-

“duced ai various points in the reactor but 115
.18 preferahly introduced ncer the bottom

therent,
_The prooess in ils irefcrred form pro-
vides the advantuges that the temperatures

in the reaction zane ean be maintained 120
within narrow limits without introducing
more gag directly to the reaction zone
than is permissible for the reaclion or
reaction conditions, smnd that, by use of
the common headers and serpentines, pres- 125
sure drop within the conling sysferm is
kept to a minimum and resction within
the reactor iy promoted by the intimacy of
contael end mixing of the reactants

bronght ghout by the network of-coils. 130



As anuiker important feature the inven-
tion compriseg an apparatus adapted for
conducting chemical processes of an
axoihermic character under superafmes-
pheric pressure, The apparatus comprises
in its essentials a holﬂw reaction vessel
cupable of withstanding high pressures
which, opiionally, s provided with a
removabla resution basket insulated from
10 (he walls of the reaction vessel by suitable

insulation, and which is fitted with a
number of coils, vonnected at theiv ends
tn common headers, through which an
indirect cooling medinm can he rirco-
16 lated, thus providing a number of Pamllel
paths, and iy provided with feed pipes for
the reactants delivering to the botfom of
the reactor and take-off pipes for the
liguid and guscous produets situated near
20 the top of ihe reactor. Preferahly, the
cooling roils are in the form of separate
lengths of piping of any desired shape or
form, conneated at both ends to headers.
More prefernbly each coil is of consider-
25 ahle length and comprises a number of
gerpenting coils, for example al least 4,
connected by inlermediate lengths of
piping, the whole forming e continupus
mrit.  Preferably the number of parallel
80 pathy is the maximmwm possible since thia
gives the minimum pressure drop. in
addition to removing heat of reaction ihe
network of serpentines breake up the gas
bubbles and promotes remetion between
35 the saseous and liquid evmponents, Tt s
desirable t¢ arranga the colls so that the
serpentines are staggersd linearly and/oT
sugatarly with respeet to those of the
next udjacent coils. In one arrangement
40 for usc with a 84'x 4 diam, reaction
basket there are 13 parallel mild steel
cooling coils emch of 1%/” outside
diameter and 1% nominal hore and com-
prising 13 serpentines. Adjacent serpen-
45 tines are pitched at 2 ineh centres.

This arrangement hus the advaniage
that it promotes good mixing and contact
of the reaclants. By the use of sppara-
tus of this kind tle heat of reavilon can

50 boe removed by indireet means in suc
mapner that the iemperature inside the
reaction zone can be maintained within
narrow Limits, which is essenfial in many
processes, and this can be aclhieved with~

55 out introducing more gas directly to the
reaclivp zone than is permissible for the
reaction or +he reaction conditions.

Tn using the apparatus for exothermic
reactions it is preferably srrenged that

80 tha cooling eoil exit pipe feeds inio the
enseous take-off line, that both include
indirect hLeat exchangers ang that the
returned gas, together with nceded make-
up, is fed parily to the reactor through

85 the gas feeg line and parily to the ceol-

wn
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ing ecoils through a line leading to them,

A. typiea] apparatus according to the
inveniion is shown im vertical medial
section i Fig. 1 of the sccompanying
drawings, in which ; numezal 1 zepresents 7
the reactor shell, which is a mild steel
forging ; 2, 2 gas feed lines each provided
with expapsion bends 3 (astually there
are soven gas feed lines in the apparatus,
Lat for simplicily cnly twe are shown)y i
3a the liguid reactant feed line with
expansion bend 4 and gparger as chowxm
5 the reaction basket (uplional, but pre-
ferred), which is closed ai tup and hottom
by end cover plates §; 7 the indjvidual 80
cooling voils (of which there are thirleen
but only three are shuwa for simplieily)
each comprising eis or seven serpentines
8 connected by imtermediate lengths of
piping 9, ench individnal coil being con- 85
finuous throughout its length., The coils
7 lead throuch the end cover plates § fo
the commen headers 10, The sirculating
eooling ges enters at 11 and leaves at 13,
thus flowing co-current, ingide the eoils, B0
wilh the dirsction of fow of the reaciants.
The liguid product is taken off by the pipe
13. 15 is a eylindrical stool for tﬁe
hasket.

The temperature is controlled by means 83
of o sheathed thermoeouple stretching to
the bollom of the vessel, Indicated by 14

As described above, in the apparatus
shown in Fig, 1 there are scven gas feed
pipes and these ave digtributed at equal 100
distances round ihe circomference of the
buskei and are surrounded with insula-
fiom.  However, the invention eonlem-
piates the use of any suitable number of
ras and liguid lines as desired. ’ Lo

Fig. 2 s%ows a suitable form of serpen-
{ine coil in plan view. :

—

FXAMPLE, i

TJsing the apparatus described, di-so-
butylens wus reacted in the Hquid phase 110
wil & carhon monnxide%hyclmgen
mixlyre contajning  26%  carbon
monoxide at o total pressure of 260 atmos-
pheres geauge and a temperature of
140°—170° O., in the presence of 0.1% 115
of eobalt fed ag naphthenute dissolved in
the feed. The di-isobulylene and
carbonylating ges feed pipes enlered the
top of the reactor und miroduced the
reactanis to the reaclion zome at fhe 120
bottom of the barlket,

The capacity of the converter was &
cubic metres (176.8 cuhie feel) and the
rates of fiow were approximately as
follows: 2.5 eubie meires (88.4 cubie feet 120
of liguid di-isobutylene per hour, 2500¢
eubic metres (83400 cubic feet) of
earbonylating ges per hour, and 26000
cubic metres (1,271,160 cubic feet} of
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covling gas per hour, In effect 1900
cublf:g metres (67089 cubie feel} of
residual gas from the reactor together
with 500 cubic metres (L7680 cubic fcet)
per _hour of hydrogen make-up and 270
cubic matres (034 cubic feet) of carbon
monoxide make-np are mixed with 86000
cubic metres (1,271,100 cubic feet} of
conling gas comprising carhon monoxide
und hydrogen, and the whole s recycled
and distributed hetween the reactor and
cooling gag cirewits in {he same propoz-
tions as before. _

In the apparetus eirployed thare were
18 cooling gas paths in parallel, each of
1*/.," outside diameter and 1”7 unomimul
bore mild steel tubing and comprising 18
serpentines, one di-isobutbylene feed pipe,
and 7 carbonylating gas feed pipcs.

The carbonylating gas wos fed to the
reaction zone at & temperature of 140° C.
snd the gaseous reaclunts leaving the
reaction zone were at 170° C. ; tha conding
gas enfsred the coils at 120° . and lefi

25 them at 155° C.; and after mixing these

streams the cooled joint gas stream had a
temperature of 105° C., rising to 120° C.
efter passing throngh the "cireulating
yump. The reastion gas feed was pre-

eatad to 140° C. before emiering the
reaction romg, )

As further fenfures of the invention the
apparabus and process are also applieable
to endothermic reartions, provided (the
reaction femperature is not fvo high, in
which case the procedure is to employ the
same gas ¢ycle and distributing system,
but to pass healing gas through the coils
ingteod of cooling gas, The cireulating

30

35

guses are heatsd M ome ¢r more heat 40

exchangers, The reactants are preheated
and brought together in the reaction zgne,
the temperature therein heing vontrolled
within the desired limits by controlling
the temperature and guantity of gas nass-
ing through the coils. :

Dated the 2nd day of May, 1949,
J. W. RIDSDALE,
Solieitoy for the Applicants.

Teamington Spa: Primted for Her Majesty’s Stutionery Office, by the Courier Press.—]10632,
Puoblished af Tha Patent Ofice, 25, Southampton Buildines, Tondon, W.G.2, from which
copies may bhe ohinined,
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678211  PROVISIONAL SPECIFICATION
{ SHEET This drawing is a reproduction of
the Original on a reduced scole.
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