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COMPLETE SPECIFICATION

Reaction Apparatus for carrying eut the Hydrogenation of
Carbon Monoxide

We, RHEINPREUSSEN ARTIENGRSELLSCHATT
FUER BrrepsU UND CmEMIE, Homberp/
Niederrhein, Germany, 2 German company,
do hereby declare the invention, for which we
pray -thar a patent may be pranted to 18, and
the method by which it is o be performed, to
be particularly described in and by the follow~
ing statement : — :

The invention rclates to reacton apparats
for earrying out the hydrogenation of carbon
menoxide in the presence of a fnely-divided
catalyst suspended in a ltguid medium, n
which the reactdon chamber which is relarively
tall compared to its width or diameter is
divided over the greater part of its cross—sec-
tion into a sevies of vertical shafts which are
open, at both ends and which are formed by
heat-conducting members which urc secnved in
a liguid-tight mapner o cach other and to
cooling tubes disposed within the reaction
chamber. The lower ends of the vertical shafts
terminate at a position abova the level at which
the ‘synthesis gas is fed npwardly into the reac
tion chamber, whilst the upper ends of fhe ver-
tical shafts are disposed in the gas spacc in
the upper part of the reaction chamber, that g
to say, the upper ends of the verticsl shafts are
disposed at a level which is above the level
which the liqnid medium assumes when the
apparatus s on stycam.

The diameter of the reaction chamber is
more than 30 cm. and may, for example, be
100 ¢, or more.  In spite of this, vertically
circularing streams do not oocur within the
main body of the liquid mediuvm when the syn-
thesis gas is passed upwardly through the
liquid mediwm, the Formation of such vertically
directed streams being prevented by the fact
that the lquid medivm is divided, by the ver-
tical shafts, aver the greater part of it depuly
into a number of separate individual columns,
which are in commmmnication with each ofher
only at rheir lower ends in the sump of the
reactien chamber, With such an apparatus, the
distribinion of the synthesis zas can be made
[Price 3s. 66.)

substantially uniform ever the whole CTOSR-5eC-
tienal area of the reaction chamber, even with a
gas throughpmt of below 30 warking litres per
square ceptimetre of cross-section of the peac.
tion chamber per hour, For rhis purpose, it
has been considered to bé necessary o charge
each individual shaft, that is to say, each indi-
vidual column of liquid, with its own quantity
of gas, and even advanmgeous to confrol each
of such charges individwally, each charge being
introduced difectly into the shafr or ar Teast
vertically below the shaft in the commaon Liquid
sump. Iy was thus necessary to provide a scries
of gas intakes which were uniformly distritnrred
aver the whole cross-sectional area of the reae-

tion chamber, with the provision of at fegst one

gas intake or inlef to cach shafr.

It has now been formd thar with such, tall
cylindrical reaction chambers which are
divided into shafts, a substantially uniform gas
distribution within the shafrs may also he
attained by praviding a reaction chamber which
converges below the shafts to 4 single, axially
disposed, gas inlet, the distance of which from
the lower edge of the bundle or group of shafis
Is ar Jeast as great as, or greater than, the dia.
meter of the cylindrical reaction space.

According to the invention, therefore, a
reacrion apparawms ftor the hydrogenation of
carbon monoxide in the presence of a catalyst
suspended in 2 liguid medinm, comprises a
cylindrical vesscl relatively tall compared to its
dismeter and forming 2 series of iquid-tight
vertical shafts which extend substantially over
the wholc of the cross-soction of the vessel,
cuch vertical shaft being of relatively small
cross-sectionl area, being open at both ends
and extending over the greater part of the
lengrh of the vessel, the lower edges of the
series of verfical shafts ending shor¢ of the
base of the vessel in a common space for the
liguzid medinm, a common gas space for the tail
Zas above the upper edees of the series of ver-
tical shafts, and 2 single, axiully-provided gas
inlet at the bottom of the vessel, the cross-seo
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tion of the vessel being decreased below the
lower cdges of the wertical shafts to converge
on to the gas inlet, the distance between the
lower edge of the series of vertical shafts and
the gas inler beiog ar leust as great as the dia-
meter of the cylindrical part of the vessel.

The construction according to the invention
has an unexpected effect since with cylindrical
Higuid columns baving a diameter of from 30
cm. npwards, strong hquid eddics are formed
which extend vertically over the total height
of the column and which prevent a uniform
distribution of the gas hubbles over the roml
cross-sectional area at every level except in the
vicinity of the surface of the liguid, even # the
gas 13 introduced in small bubbles which are
uniformly distributed over the whole of the
base. It wonld be assumed that with 2 single,
centrally disposed gas inleti, this internel rota-
tion of the lignid wonld be increascd still fur-
ther. It has been found however, that, when
the lignid colmmn is divided by 2 scrics of
shafts, the upper position of reversal of the
Houid cddy is situated just below the lower
edge of the hondle of shafis, and the distribu-
tiors of gas immediately below the lowsr edge
of the bundle of shafts iz ulmost uniform over
the: whole of the cross-section of the reaction
chamber. Moreover, the regolating action of
the fliquid-gas bubble suspension system in the
ghafts on the hydrostatic equilibrivm ar the
base of the bundle of shafts remilts in an almost
uniform distribution of the gas over all the
shafts.

The shape or fori in which the reactlon
chamber or spacc converges below the shafis
may vary; for example, jt may be conical or
grcoate as flustrated in Figures T and 2 res-
pectively of the accompenymg drawings.

The distance between the gas fnlet and the
lower edge of the buadle of shafts is at least as
sreat as the diamerer of the reactor to permit
the jet of gas to be tom apart or subdivided
to a suflicient extent by the liquid in the sump,
It is alse possible to provide baffie plutes dbove
the gas Inler.  Howaver, the function of such
bafH%:a plates is adequately carried out by the
horizontal pipcs threugh which the coclant is
fed into the tabes of the cooling sysrem. The
cooling systern is advantageously extended to
a position as low as possible below the lower
edge of the bundle of shafts, in order that the
hear of rcaction cvelved in the sump below the
shafts may also be dissipated.

Im the reaction apparatus according to the
invention, the ratio of the free cross-sectional
area of the gas inlet noxzle to the free cross-
sectional area of the reaction space in the cylin-
drical part of the vessel, muy range befween
10:10,600 and 1:10,000, according to the
absalute size of the cylindrival vessel and the
cross-sectional load in working units by volume
of synthesis gus provided, relative 1o the free
cross-soetion of the reaction space, In pracrice,
the cross-sectional load used in the bydrogena.

786,848

tion of carbon menoxdde carried owt with 2
suspended iron catalyst ar synthesis pregsures
in the approximate range of from 5 to 25 ammo-
spheores, ranges advantageousty betweer 5 and
200 working Hitres of synthesis gas per howr
relative o each square centimetre of cross-
section of the reaction space,

In the whole range of the cross-sectional
load, the ratio of the cross-section of the gas
inlet nozzle tor the cross-section of the reaction
space I so selected vhar in the nozzle of the

gas inlet the Upear gas velocity ranges between’

2 metres per sccond and 400 mcetres per sccond,
and preferably between 5 and Z00 metres per
scoond. In the dirgetion in which the dismeter
of the reaction space increases, it is advan-
tageous to provide nozzes the cross-section of
which is smaller relatively to the cross-secrion
of the reaction space, so that with eqoal cross-
sectional load of synthesis gas, the linear pas
intake velocity is correspondingly increased.
According to the invention, in view of the fact
thar the distancs herwesn the nozzle and ths
fower edge of the bundle of shafts Is increased
according to the diameter of the cylindrical
part of the reaction vessel, a correspondingly
increased gas intake velocity is desirable since
it is nceessary for a vigorous turbulence of the
Jiquid to be maintained in the sump which may
be of a depth of up to 5 metres,

Morcovwer, it is advantageous for the height
of reaction spaces of large diameter 1o be corre-
spondingly increased; thus when the diameter
iz 2.5 metrer, the heipht mav, for example, be
25 metres. In order to obiain the same space
load of synthesis gos, and comsequently the
same space-time yield of reacrion producrs. it
is possible to operate these tall reaction spaces
with higher cross-scctional loads than is pos-
sible in lower reacden spaces, withont increas-
ing the catalyst load though the concentration
remaing the same.

By increasing the cross-sectional load, it is
possible for the reaction =one which, for
example, is only approximately Z merres in
length at a cross-sectional Inad of 10 working
litres per sq. cm. per hour, to be Jrawn or
spread substantiafty uniformly over rhe roral
hieight of the reaction space.  Bqually advan-
tageous cffects arc obtained when a tempera-
ture rirg In the upward direction is maintained,
wiile the temperature in the sump of the reac-
ror I8 relatively low, which may, for example,
be attained in the manner described in the
ponding  Patent  Aoplication No. 9234/54
{Serisl No. 785,752).

Due to the vigorous rotating movement of
substantially the whele of the liguid medirm
in the somp, the susnended caralyer f= uni-
formly distributed in the Hanid medinm in the
sump thereby envuring that the individnal
shafts are uniformly provided with caralvsr.
More particlarly, dead spaces with litde
movement and. therefore. deposits of catalvst
are avoided, since in accordance with the
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invention the lower part of (he reactor 13
tapered or otherwise consmicred.

Imstcad of providing the lower part of the
reaction chamber of conical form as MNustraied
in. Figure 1, the cross-section may advantage-
ously be tapered of restricted, ay dlustrated in
Figurc 2, in a manner adapted to assist the
rotating flow of the Iitfluid- in the sump, and the
rotating mevement of the liguid in the sump
may effectively be further assisted by extend-
ing the gas mlet nowzle so that ¥ projects
into the reacticn space.

When the gas inlet nozzle extends into the
Teaction spacc, an anouldr, conccntric guide
memher for the liquid medium may also ke
provided, as illustrated in Figures 3, 4 and 3,
The annular goide member is advantageously
50 provided that a free annular space for the
liguid medium is formed betweon the guide
member and the inmer wall of the reasrion
vessel and between the guide member and the
gas inlet pipe, which annular space converges
upwardly between the gas inlet pipe and the
guide membcr, being marrowest at about the
level of the upper edge of the gas inlet pipe
As from this position, the guide member may
be provided with 2 hcad-piece which opens
npwardly and ouwardly in the maoner of a
funnel, as illustrated by way of example in
Figures 4, 5 and 6. The apcriure angle of the
head-piece advantageously lics berween 50°
and 120°.

In this construction, the gas stream has 2
vigorous, suction effect so that the Hgoid in
the sump rotates or circidates ut an increased
tate, A forced circulation of the catalyst sus-
pensien, which forced circulation may be
varied aver an appreciable range, is therchy
chigined.  Since the energy required fol the
purpose ig supplied to the system solely by
the synthesis gas, it is possible by increasing
the gas velocity—it being necessary to accept
a pressure drop of 2 magnitode of from 0.2—1
atmmosplere or mose before and after the nozele
—to increase the speed of circulaton of the
Heuid tor such 2 degree that a substanial part
of the gas, which is mixed with liquid above
the pozzle, circulates together with the liquid
past the nozzle. As a resulr, the pas in the zone
below the shafts, that is, in the sump, is aready
almost homogeneously divided imto  small
bubbles,

The gas distribution in the reaction appa-
ratis gecording to the Invention can be further
improved by providing the top of the funndl-
shaped extension of the guide member with -
perforated plate, as ilustrated in Figure 6,
through the openings of which gas and rotating
liquid together are forced. The openings in the
perforated plate may be relatively wide; advan-
tageously the openings, which may be of cir-
cular cross-gection, have a diameter premver
than 10 mm, The openings may be distributed
uniformly over the whole plate, or they may,
with advantage, be increased in nnmber

towardy the edge of the plate. However, the
total of the cross-sectional areas of all the open-
ings should be at lcast twice and up to twenty
times 85 great as the sum of the smallest fres
cross-sections of the gas inler nozele and of the
anmdar space between the gas jnlet nozzle and
the guide memsber.
Whar we claim is;—

70

1, A reaction apparatus for thc hydrogena- -

tion of carhon menoxide in the presence of a
catalyst suspended in & liguid medium, com-
prising a cylindrical vessel relatively tall com-
pared to its diameter and forming the reaction
chamber, cue or more bundles of tubes dis-
puscd in the vessel and through which a cool-
ng medium may be passed, a series of heat-
conducting plates connected o the mbes and
forming a series of liquid-tight vertical shafs
which extend substaniially over the whole of
the crogssection of the vessel, each verticnl
shaft being of relatively small cross-scetional
area, being open ar both ends and extending
aver the greater part of the length of the vessel,
the lower edges of the scrics of vertical shafts
onding shart of the base of the vessel in a com-
moen space for the liquid medium, 2 commen
gas spece fur the mil gas above the upper edges
of the series of vertical shafts, and a single,
axially-provided gas inlet ar the bottom of the
vesseh, the cruss-section of the vessel being
decreased helow the lower edges of the vertical
shatis to comverge on 1o the pas inlct, the dis-
tance between the lower edge of the series of
vertical shafts and the gas inlet being at least
as great as the dismeter of the cylindrical part
of the vesscl.

2. A reaction apparatus according to Claim
* 1, in which the ratio of the free cross section -

of the gas inler nnzvle to the cross scction of
the reaction space is s selected thar with a
cross-sectional load of from 5 to 200 working
litres of synthesis gas per hour per square
centimeire of Irec cross section of reaction
gpace, there is obtained at the gas inlet nozzle
a linear pas velocity of from 2 to 400 metres
per secoml.

3. A reaction apparatus aceording to Claim
2, in which the ratio is so selected thar the
lincar gas velocity at the gas inlet uozzle is
within the range 5—200 metres per second.

4, A resction apparatus according to any one
of the preceding claims, in which the gus inler
nozzle projects Inte the reaction space.

5. A resetion apparatus according to any one

of the preceding claims, including 2 gas inlet
pipc extending into the reaction space, and a
concentric guide member disposed betwesn the
gas inlel pipe und the inmer wall of the veasel
and spaced from the inlet pipe and from the
wall and from the base of the vessel, the pride
member being such that the space between it
and the gas inlet pipe converges upwardly so
that the said space is narrowest at a positjon
which is approximately at the level of the upper
edpre of the gas inlet pipe or nozzle.
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6. A reaction apparatus according w Claim
5, in which the gnide member opens upwardly
and outwardly above the upper edge of the gas
inlet pipe or novzle.

7. A reaction apparatus according to Claim
5, in which the guide member opens upwardly
and outwardly in the manner of 2 funne! above
the upper edge of the gas inlet pipe or nozzle,
the aperture angle of the Fuumel being not less
than 50" and mot substantially greaver than
120°.

8. A reaction gpparatus according to Claim
7, in which the upper edge of the gunide mem-
ber is closed by a perforated plate, the total
arca of the perforations in which is from rwice
to rwenty times as great as the sum of the

srmallest free cross-sections of the gas inlet
nozzle and of the snnular space berween the
noxde and the guide member.

. A reaction appacatus for carrying our the
hydregenation of curbon monoxide in the pre-
sence of a catalyst suspended in a Nquid
medinm,  substantially  as  hercinbefore
described. -

10. A reactor for carrying our the hydrogena-
tion of carbon monexide in the presence of a
catalyst suspended in a liquid mediom, sub-
stantizily as hereinbefore deseribed with rcfer-
ence o any one of Figures 1 1 6.

EDWARD EVANS & CO.,

1418, High Holborn, London, W.C.1,

Agents for the Applicants.

Leamington Spa: Printed for Her Majesty’s Statlanary Office, by the Courler Press.—1957.
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