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[57] ABSTRACT

A multi-stage reactor for hydrogenating coal slurry ini a
pressure vessel for pressures of up to 700 bar, preferably
of up to 350 bar, with inlets for gas and coal slurry
through the reactor bottom, an outlet for sludge, gases
and vapors in the reactor top, and dividing trays in the
pressure vessel, by means of which trays the individual
reaction stages are separated from one another, wherein
each dividing tray has a progressively reducing cross-
section, with passage orifices, over its entire lowr face,
s0 as to prevent coal slurry caking onto the tray in the
direction of flow of the reactants (gas and coal slurry).

5 Claims, 10 Drawing Figures
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REACTOR FOR HYDROGENATING COAL
SLURRY

The present invention relates to a multi-stage reactor

for hydrogenating coal slurry in a pressure vessel for
pressures of up to 700 bar, preferably of up to 350 bar,
with inlets for gas and coal slurry through the reactor
bottom, an outlet for sludge, gases and vapors in the
reactor top, and dividing trays in the pressure vessel, by
means of which trays the individual reaction stages are
separated from one another.

It is known that the hydrogenation of coal can be
carried out in four reactors arranged in series. These
reactors are all of identical size and have an inner diam-
eter (without refractory lining) of 1 m and a height of 18
m. Conical portions having a total cone angle of 30° are
provided at the top and bottom, thereby reducing the
reactor cross-section to the cross-section of the feed
lines or connecting lines. 40-50% of the hydrogen is
converted in the first reactor, 30% in the 2nd, 20% in

the 3rd and less than 10% in the 4th. These ratios corre-

spond to the distribution of heat generation in the 4
reactors. This stepwise arrangement shows that a tube
reactor would be the most advantageous from the point

“of view of the reaction kinetics. However, this means

that an approximation to the ideal behavior of a tube
reactor would be achieved by arranging in series as
many reactors as possible, each with stirred kettle char-
acteristics. On the other hand, dividing the reaction
over more than 4 reactors arranged in series has hith-
erto not been possible, since, the 4th reactor, heat radia-
tion losses already slightly exceeded heat generation.
This is because hydrogenation reactors which are inter-
nally heat-insulated by a refractory lining must not be
insulated on the outside.

Economic considerations dictate that nowadays reac-
tors should be made with larger diameters and accord-
ingly larger volumes. While diameters of 1 m represent
the limit achievable with conventional high pressure
reactors, it is nowadays possible to fabricate reactors
with 4-5 m internal diameter. On the other hand, there
seems little sense in building such reactors with the
narrow cone angle of the conventional reactors, since,
for the volume involved, such reactors would virtually
consist of nothing more than 2 conical portions. Fur-
thermore, the expense of the material of construction
and of fabrication would be too great. Large high pres-
sure reactors nowadays preferably terminate in a hemi-
spherical portion at both top and bottom. With this
shape of reactor, the problem arises of how the gas and
liquid can be distributed uniformly over the cross-sec-
tion within a short path.

Dividing trays in reactors for handling a three-phase
system of liquid, disperse solid and gas have been de-
scribed by Blag and Cornelius (Chemie Ing.Techn. MS
417/76). They employed sieve trays, ie. flat plates with

numerous small circular holes, the diameter of which

varied from 2 to 4 mm. The free cross-section of the
holes, as a percentage of the apparatus cross-section,
was from 1.1 to 36%. The holes were sharp-edged and
their diameter was accurate to +50 pum. A typical
method of operation of these trays is to create a large
cushion of gas under the tray. As the gas throughput
rate increases, the size of cushion increases. Only as a
result of a sloshing motion of the frothing layer of liquid
can the liquid pass through the holes into the next
higher reactor cell, thereby effecting axial transport of

2

Jiquid. This sloshing motion causes pressure fluctua-

tions, both with time and from place to place, these
being intensified by the equally increased non-steady
state turbulent flow in the frothing layer.

However, such dividing trays cannot be employed in

~ coal hydrogenation, since the coal slurry. which sloshes

against their undersides remains hanging in droplets

. thereon, dries out, becomes coked and then also clogs

25

the small holes.

It is an object of the present invention to prov1de a
reactor of from 3 to 5 m internal diameter, in which,
through arranging in series not less than 4, and prefera-
bly more than 4, reaction stages, each with stirred kettle
characteristics, : an approximation to the desired tube

-reactor characteristics is achieved, and wherein uniform

distribution of gas and liquid over the cross-section, at
the transition from one stage to the next, is achieved,
over a very short vertical distance, without the occur-
rence of back-mixing with the contents of the preceding
reaction stage.

We have found that this object is achleved according
to the invention, by providing the following features:

(a) Each dividing tray built into a pressure vessel has
a progressively reducing cross-section, with passage
orifices, over its entire lower face, so as to prevent coal
slurry caking onto the tray in the direction of flow of

“the reactants.

(b) The dwxdmg trays can be of concave cross-sec-
tion.
(c) The upper face of the dlvndmg trays exhibits a

’ progresswe increase in cross-section “of the passage
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orifices, in the direction of flow.

(d) The cross-sectional area of the passage orifices is
from 1 to 15%, preferably from 1 to 5%, of the cross-
sectional area of the reactor.

(e) The dividing trays rest on rings or studs welded
onto the inside of the reactor jacket, the said jacket
being heat-insulated by a refractory lining, except
where the pump is welded in.

With the dividing trays according to the invention, a
gas cushion cannot form under the tray. All parts of the
tray are flushed so that the coal slurry cannot dry out
and become coked. The passage orifices are substan-
tially larger than in the Blag and Cornelius sieve trays,
described above. The cross-section of the orifices corre-
sponds to individual diameters of from 10 to 90 mm,
preferably from 20 to 50 mm. The gas velocity is from
3 to 8 m/s, so that there cannot be any backflow of
liquid.

FIGS. 1A, 1B, 2A, 2B, 3A, 3B, 4A, 4B, and 4C show
sections and plan views, and

FIG. 5 shows a side view, of some typical embodi-
ments of the invention.

In FIGS. 1A and 1B, two domed shells 2 are assem-
bled opposite and together form the dividing tray. Their
shape can be conical, elliptical or spherical. The shells 2
are joined to one another by tubular passage orifices 3,
and on the face of the lower shell 2 the orifices 3 have
conical inlets 7. Through these orifices 3, gas and coal
slurry rise from one element of the reactor 1 to the next
higher element. The cavity between the shells 2 is filled
by injection with a ceramic mass 4; asbestos cement, for
example, has proved suitable. A reinforcement can ad-
ditionally be introduced into the space. To balance the
pressure, the shells 2 have a large number of small holes
6. A manhole 5 can be provided in the tray, to allow an
operator to climb through.
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FIGS. 2A and 2B show a simple construction which,
however, is only suitable where the ratio of total orifice
cross-section to total reactor cross-section is relatively
high. A peripheral ring 8 of triangular cross-section is
attached to the reactor jacket 1. Lozenge-shaped rods 9

.are laid in this ring, the slots between them constituting

the passage orifices 3. The cavities of the ring 8 and the
rods 9 can be filled with a ceramic mass 4, the surfaces
being provided with numerous small holes 6 for pres-
sure equalization.

FIGS. 3A and 3B illustrate a further embodiment
which is composed of hexagonal elements. Each liquid
element arriving at the dividing tray from below im-
pinges on an inclined face 32 and is hence led to a pas-
sage orifice 3. At no point is there any extended surface
on which slurry can stick and dry out. One of these
hexagonal elements is constructed as a manhole 5. The
cavities are again filled with a ceramic mass 4 and the
shell elements are again provided with holes 6 for pres-
sure equalization.

FIGS. 4A, 4B, and 4C show a further interesting
embodiment. Again, a ring 8 of triangular cross-section
is attached to the reactor jacket 1. In the center of the
tray is a further lozenge-shaped ring 10 with a central
passage orifice 3. The two rings 8 and 10 are connected
by lozenge-shaped elements 11, forming orifices 42.

For strength reasons, the hydrogenation reactors are
internally heat-insulated by a refractory lining 15, as
shown in FIG. 5. A skirt 14 of stainless steel is fitted in
front of this lining. The internal fitments must be so
constructed that they can freely move with any heat
expansion. Consequently, the dividing trays rest, by a
ring 13, on rings or studs 12 welded onto the reactor
wall. The peripheral outer ring 58 of the dividing tray
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4
corresponds to the ring 8 in FIG. 4A. This ring 58 can
expand freely. o

We claim:

1. A multi-stage reactor for hydrogenating coal
slurry under pressures of up to 700 bar, preferably of up
to 350 bar, comprising a closed pressure vessel having
inlets for gas and coal slurry through the reactor bot-
tom, an outlet for sludge, gases and vapors in the reac-
tor top, and at least 4 dividing trays in the pressure
vessel, by means of which trays the individual reaction
stages are separated from one another, wherein each
dividing tray has a progressively reducing cross-section
comprising two opposed shells of conical, elliptical or
hemispherical shape, with passage orifices, spaced over
its entire lower face, so as to prevent coal slurry caking
onto the tray in the direction of flow of the gas and coal
slurry reactants, said passage of orifices having inlets on
the face of the lower shell which are reduced in cross-
section with upward distance, the space between said
shells being filled with a ceramic mass, and said shells
having a multiplicity of small holes therein.

2. The reactor of claim 1, wherein the dividing trays
are of concave cross-section.

3. The reactor of claim 1 or 2, wherein the passage
orifices widen progressively toward the upper face of
the dividing tray.

4. The reactor of claim 1, wherein the cross-sectional
area of the passage orifices is from 1 to 15%, preferably
from 1 to 5%, of the cross-sectional area of the reactor.

5. A reactor as claimed in claim 1, wherein the divid-
ing trays (2) rest on rings (12) or studs welded onto the

reactor jacket.
* * * * *



