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The present invention relates to a proposed
oonstrﬁction of the sump below the shafits and the
gas inteke of the reaction epparatus for the
catalytic hydrogenation of carbon monoxide in the
presence of finely divided oatalysis whioh are
suspended in a liquid medium, described in Federal
German Patent Specification No, 948,784
which apparatus is divided into shafts over sub-
stantially the whole of 1i%s orosas-seotion,

In the apparatus described in Federal German Patent
Spedification No, 948,784 substantially
vertiocally directed streams of circulating liguid
are prevented from forming when the gas is passed
through, since the greater part of the length
(inoluding the upper ares of oontact with the gas
space) of a stationary, that is to say, non-rotating
ligquid golumn having e diameter of over 30 om,, 100 om,
or more, is divided into separate individusl columns
whioh heve a ocommon sump and 8 common upper gas Sp&ace,
80 that as a result the distribution of gas socerding.
to the size, quantity and speed of ascent of the gas
bubbles, is substantially equalized over the whole
oross-sectional ares of the reaction gpace, even
with a gas throughput of below 30 working litres per
square oentimeire of cross-seotion of the reaction
space per hour, It has been consldered to be
sdvantageous %o charge each individusl shaft forming
the individual liguid columns, with its own quantity

of gas, which may even be individually oontrolled,
and which wags to be introduced direct 1lnto the

shaft, or at least vertically below each shaft in
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the common iiquid sump, It thus became necessary to
provide a gas intake or feed which was uniformly
distributed over the whole oross-sectional area of the
reaction space, and which had at least one gas outlet
to each shaft,

It has now been found that with such tall
oyiindricel reaction speces which are divided into
shafts, & substantimlly uniform gas distribution within
the shafts may also be attained by providing a reaction
space which converges below the shafts %o a gingle,
axially disposed, ges inlet opening, the distance of
which from the lower edge of the bundle or group of
shafts 1s at least as great as, or greater then, the
diameter of the cylindrical reactlon space,

This construction nceording to the invention
has sn unexpocted effect since with eylindrical liguid
columns having a dismeter of from 30 om, upwards,
strong ligquid eddies are formed which extend vertically
over the totesl height of the column and widch prevent
a uniform distrivution of the gas bubbles over the
total orosa-sectional ares et every level except 1n
tho vicinity of the surface of the liguid, even if
the gas is introduced in small bubbles which ere
uniformiy distributed over the whole of the base,

It is to be assumed that with centrel ges inteke,
this internal rotation of the 1liquid would still be
furthered, It has now been found that, when the
1iquid column is divided in the menner of shafts,
the upper position of reversal of the 1igquid eddy is
situtated just below the lower edge of the bundle of

shafts, As on or edjacent to the surface of the
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liguid, the distribution of gas below the lower edge
of the bundle of shafts is almost uniform over the
cross-section, Moreover, the regulating action of
the liguid-gas bubble suspension system in the shafts
on the hydrostatic equilibrium at the base of the
bundle of shafts results in an almost uniforn
distribution of the gas over all the shafts,

According to the invention, the shape in which
the reaction space converges below the shafts may.
vary; for example, it may be conical, bulging,
or the like as illustrated in Figures 1 and 2.

It is advantageous to provide a large distance
between the gas inlet and the lower edge of the
bundle of shafts, that is to say, the distances should
be as large, or several times as large, as the diameter
of the reactor so that the jet of gas is torn by the
liquid column to a sufficient extent. It is also
possiblie to provide baffle plates above the gas inlet,
However, this function is adequately carried out by
the Horizontal feed pipes for the coolant which lead
to the cooling system which is advantagecusly extended
$0 a position as low as possible belew the bundle
of shafts, because the heat of reaction evolved in
the sump velow the bundle of shafts has likewise o
be dissipated,

In the reaction apparatus according to the
invention, the ratic of the free cross-sectional area
of the gas intake nozzle to that of the reaction space
at the level of the cylinder may range between 10
10,000 and 1 : 10,000 which is determined by the

absolute size of the reaction apparatus and the cross-— .
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gsectional load in working units by volume of synthesisg

gas provided, relative to the free cross-section of

the reaction epasce, In practice, the crogs-sectional

1oad used in the hydrogenstion of carbon monoxide

sarried out with a susponded iron catalyst at synthesis

pressures in the approximate range of from 5 to 25

atmospheres, ranges sdvantageously between 5 and 200

working litres of synthesis gas per hour reletive

t0 each square centimetre of cross-seotion of the

reaction space.

In the whole range of the cross-sectional loed,
the ratio of the crosa-section of the nozzle to the
orose-seotion of the reaction space is so selscted
that in the gas inlet (nozzle) the linear gas velocity
ranges between 2 metres per second end LOO metres
per second, and preferably between 5 and 200 metres
per seoond, In the direction in which the dlameter
of the reaotion space increases, 1t is edvantageous
to provide nozzles the oross-section of which is
amaller relatively to the cross-section of the resction
space, 50 that with equal cross-sectional load of
synthesis gas, the linesr gas inteke veloolty is
correspondingly increased. According to the
invention, in view of the distance botween the nozzle
and the lower edge of the bundle of shafts being
inoressed me according to the diameter of the reaction
space, a oorrespondingly increased gas intake

velocity is desirsble since 1% 1s necessary for a

vigorous turbulence of the liquid to be maintained in
the sump which may heve a height of up %o 5 metres,

Moreover, it is advantageous for the height of
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renction spaces of a large diameter to bo corres-
pondingly incressed; thus when the dlameter is 2.5

metres, the helght may, for example, be 25 metres,

In order to obtain the same space load of synthesis gas,

and consequently the same Bpace~time yield oféreaction

pfoducts, it is possible to operate these tall

recactlion spaces with higher cross~sectionalloads than

is poesible in lower reaction spaces, without

increasing the catalyst load though the cohcentration

remeins the same,

By increasing the cross-sectlonaslload, it is
posseible for the reaction zone which, for example
is only opproximately 2 metres at a orosas-sectional
loed of 10 working litree per sq, cm, per hour, to be
drawn or spread substantially uniformly over the total
helght of the reaction space, Equally advantageous
effects are obtailned when a temperature rise in the
upward direction is maintained, while the temperature
in the sump of the reactor is reletively low, which
may, for exampls, be atteined in accordange wilth
the pending Patent Applicetion No, 663,966, filed March
et 1954 in fensda in the name of Rhaoinpreussen
Axtisngesellechaft fuer Bergbau und Chemie,

Due to the vigorous rotating movement of the
liguid medium which, according to the inventien,
involves the total content of the sump, the suspendsd
catalyst is uniformly distributed over the total
content of the sump thereby ensuring that the
individusl shafts are uniformly provided with
catalyst. More partidularly, dead spaces with
little movement and, thérefora, deposits of catalyst
are avolded, since in sccordance with the invention

the lower pert of the reoactor is tepered or otherwise
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constricted,

Instead of providing taper cones as illustrated
in Figure 1, the tapering or manner of restricting
the cross-section illustrated in Figure 2, which is
adapted to the rotating flow of the liquid, may alseo
advantagecusly be used, and the rotating movement
may effectively be furthered by extending the nozzle
to project intc the space.

It is also peossible to coordinate with the nozzle
extented into the reaction space, concentric guide
nembers for the liquid medium, as illustrated
respectively in Figures 3, 4 and 5. The annular
guide member is advantagecusly so provided that a
free annular space for the ligquid medium is formed
between the guide member and the inner wall of the
reaction vessel and between the guide member and the
gas inlet pipe, which annular space converges upwardly
between the gas inlet pipe and the guide member,
being narrowest at about the level of the upper edge
of the gas inlet pipe.

As from this position, the guide member may be
provided with a head-piece which opens upwardly and
outwardly in the manner of a funnel, as illustrated
by way of example in Figures 4, 5 and 6; the aperture
angle of the head-piece advantageously lies between
50° and 120°.

In this construction, the gas stream has a
vigorous suction effeot so that the liguid rotates
at an increased rate, A forced rotation of the
catalyst suspension, which forces rotation may be

varied over an appreciable range, is thereby obtained.
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Since the energy required for the purpoze is 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 a magnitude

5 of from 0.2-1 atmosphere or mere before and after the
nozzle—~ to increase the rotational speed of the liguid
o such a degree that a substantial part of the gas,
which is mixed with liquid above the nozzle, circulates
together with the liquid past the nozzle, As a result,

10 the gas in the zone below the shafts is already almost
homogeneously divided into small bubbles,

As illustrated in Figure ©, the gas distribution

according to the invention can be further improved
by providing the top of the funnel-shaped extension

15 of the guide member with a perforated plate through
the openings of which gas and rotating liquid together

Yare forced. The openings in the perforated plate may

be relatively wide; they have advantageously a
diameter of over 10 mm. and may be of circular

20 cross-section, The openings may be distributed
uniformly over the whole plate, or they may advantageously
be increased in number towards the edge. However,
the total of crogs-sections of all the openings should
be at least twice and up to twenty times as great as

25 the total of the smallest free c¢ross-sections of the
gas inlet nozzle and of the annular space between the

gas inlet nozzle and the guide member.
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The empodiments of tho invention in which an
exclusive property or privilege is claimed are
defined as follows:-

1. A reaction apparatus for the hydrogenation of

carbon monoxide in the presence of a catalyst suspended
in a liquid medium, comprising a relatively tall
cylindrical vessel provided internslly with a cooling
system for the dissipation of reaction heat, a serles
of vertical shafts which are in liquid-tight conneocfion
with sach other and which extend over the greater part
of the length of the vessel, the shafis being open at the
top and at the bottom, a oommon space below the lower
edgos of the shafts to form a sump for the liquid medium,
5 oommon gas spsce for the tall gas -above the upper edges
of the shafts, an axially provided gas inlet at the bottom
of the reactlon space, tho reaction space being restricted
below the lower sdge of the series of shafts and
converging to the gas inlet, the distance between the
lower edge of the series of shafts and the gas inlet
velng at least as great. es the diameter of the cylindrical
part of the reaction space,.

2. A reaction apparatus for the hydrogenation
of earbon monoxide in the presence of a catalyst suspended
in s liquid medium, comprising a cylindrical Yvessel
relatively tall compared to 1ts diameter and forming
the reaction space, One or more bundles of tubes
disposed in the vessel and through which a cooling
medium msy boe passed, a series of hest~conducting pletes
connected to the tubes and forming 2 serles of verticsl
shafts which extend substentially over the whole of the
oross—~section of the vessel, eadh vertical shaft

i being of reolatively small cross-sectionsl area, belng
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open at both ends und extending over the groater

paft of the length of the vesssl, the lower edges of
ﬁhe serics of vertical shafts ending short of the base
of the vessel in s common space for the liguid medium,
a common gas Spade for the tail gas above the upper
odges of the series of vertical shafts, a single,
axially-provided gas inlet at the bottom of the vesssl
the orose-seotion of the vessel being decreased below
the lower edges of the vertical shafts to converge on
t0 the gas inlet pipe or nozzle, the distance between
the lower edge of the series of vertical shafts and
the gas inlet being at least as great as the diameter
of the oylindrioal part of the vessel,

e A reaction apparatus aosording to claim 1
or olaim 2, in whioh the ratio of the free cross—section
of the gas inlet nozzle to the cross section of the
oylindrical reacticn space 1s 80 selected that with a oross-
soctional 1oed of from 5 tc 200 working litres of
syntheais gas por hour per square centimetre of free
oross section of reasction space, there is obtained at
the gas inlet nozzle & linear ges veloolty of from 2
to 400 maetros per seaond,

L A reaction opparatus aocording o olaim 1
or olaim 2, in whioch the ratic of the free oross
seotion of the gas inlet nozzle to tho cross section
of the oylindricsl reaction spnce 1s B8O seleoted
that with a oross-sectional load of from 5 to 200
working litres of synthesis gas per hour per sguare
centimetre of free oross sostion of reaction space,
the linear ges veloeclty at the gas inlet nozzle is
within the range 5 - 200 metres per second,
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5e A reaction appsratus according to claim
1 or cleim 2, in which the gas inlet pipe projects
into the reaction space, o

6. A resction apparatus according %o claim
1 or olaim 2, in which the gas inlet plpe extends

into the reaction space, and e concentric guide
member is disposed between the ges inlet pipe and
the inner ﬁall of the vessel and is gpaced from the
gas inlet pipe and from. the wall and from the base of
the vessel, the gulde member being Such that the epace
between it and the gas inlet pipe oconverges upwardly
80 that the said space is at 1ts narrowest at &
position which is approxiﬁately at the level of the
upper edge of the gas inlet pipe or nozzle.

T A reamction spparatus aocording to claim 1
or claim 2, in which the gas inlet pipe extends into
the reaction space, and a concentric guide member is
digposed betwqen the gas inlet pipe and fhe inner wall
of the vessel and 1s spaced from the gas inlet pipe
and from the wall and from the base of the vessel,
the gulde member being such thet the space botween
it and the gms inlet pipe converges upwardly so that the
said space i at its narrowost at o position whioh is
approximately at the level of the upper edge of the
gas inlet pipe or nozzle, the guldo member opening
upwardly and outwardly above the upper edge of the gas
inlet pipe of nozzle,

8, A reaction apparstus according to claim
1 or claim 2, in which the gas irlet pipe extends into
the reasctlon space, and a concentric guide member is

disposed betweun the gas inlot pipe and she inner wall
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of the vessel and 1s spaced from the gas inlet pipe
énd from the wall and from the base of the vessel,
the guide member being such that the Bpace between
it and the gas inlet pipe converges upwardly so
that the sald space 1s at its narroweat at a position '
which is spproximately at the 1eve1 of the upper
edge of the gas inlet pipe or nozzle, the gulds
member opening upwerdly and outwardly in the mahner
of &“funnel'above the upe r edge of the gas inlet
pipe?or nozzle, the aperture angle of the funnel
baing not less than.50° and not substantially
greater than 120°,

9. A reaction apparatus according to claim 1
or claim 2, in whieh the gse inlet plpe extends into
the reaction space, and a concentric gulde member is
disposed between the gas inlet pipe and the inner wall
of the vessel and is spaced from the gas inlet pipe
and. from the wall and from the base of the vessel,
the guide mqmﬁer being such that the space between
it and ths gas inlet pipe converges upwardly Bo that
the said space 18 at its narrowest at a position whioh
is approximately at the level of the upper edge of the
gas inlet pipe or nozzle, the guide member opening
upwardly snd outwardly in the manner of a funnel
gbove tho upper odge of the gas inlet pdpe or nozzle,
the aperf}ure angle of the funnel being not less than
50° and not substantially greater than 120°, the
upper end of the funpel -of the gulde menber being
closed by a perforated plate, the total area of the
perforations in which plate is from two to twenty

times as groat as the smallest free cross-sections of
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the ges inlet nozzle and of the annular space betwsen

£he nozzle and the goide mém'ber. 541 6
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