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[s71 ABSTRACT

A method of and an apparatus for carrying out exother-
mic reactions in suspensions containing catalyst parti-
cles as well as a reaction participant and wherein the
suspension is pumped to the reaction pressure and
thereby fed to the reaction vessel. According to the
invention, the suspension is preheated, hefore entering
the reaction zone in the same pressurized vessel by
dircct heat eachange with reaction products from the
reaction zone hefore the suspension is passed into the
latter.

4 Claims, 2 Drawing Figures
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METHOD OF EFFECTING HIGHLY
EXOTHERMIC REACTIONS

FIELD OF THE INVENTION

Qur present invention relates to a method of effecting
highly exothermic reactions and especially catalytically
induced, promoted or sustained reactions which are
effected at an elevated temperature and pressure, More
particularly, the invention relates to catalytically pro-
duced heterogencous exothermic reactions in which the
reactants include 2 reaction participani contained in a
suspension of catalyst particles.

BACKGROUND OF THE INVENTION

While highly excthermic chemical reactions are
widely used to produce a large variety of products, in
certain Deteragencous reactions, especially the hydro-
penation of coal, the reaction is effected at an elevated
pressure and high temperature utilizing a reaction par-
ticipani (e.g- the coat).in a suspension in an appropriate
fluid carrier of particles of a catalyst.

" In the usual case, this suspension of catalyst partticles
in a fluid mediom containing at least one reaction partic-
ipant. is pumped to the rcaclion pressure and forced into
the reactor at which the highly exothermic reaction I8
carried out. The pressurized svspension is frequently
preheated in a plurality of indirect heat exchangers toa
temperature close to the desived reaction temperature
before being fed to the reaction zone.

At the reaction zone, additional participants can be
added if they are not already present in the SuSpEnsion.
In the case of coal hydrogenation and liquefaction, for
instance, hydragen can be fed to the suspension at the
reaction zonec.

The uvse of a plurality of indirect heat exchungers for.

preheating the suspension has two major disadvantages.
Firstly, separate indirect heat exchangers are expensive
to make, clean and mainiain, and bave costly compo-
nents such as heat exchange walls of low COTTOBIVILY
materials. Furthermore, pressure losses in traversing
such indirect heat cxchangers are prongunced. Because
af these high pressure drops, the pumps and other ele-
ments designed to build up the reaction pressure for
highly viscous suspensions have high energy consump-
tion.

Thus conventionz] systems using onc or more indi-
rect heat exchangers far preheating viscous suspcnsions
of the type descrived and particularly suspensions of
coal purticles in oil containing a catalyst for hydrogena-
tion and liquefaction, are expensive to aperate, environ-
mentutly detrimental and involve high capital expendi-
ture. . ’

OBJECTS OF THE INVENTION

It is the principal object of the present invention to
provide an improved mcthod of effecting highly exo-
thermic reactions .with suspensions of the type de-
scribed which eliminates disadvantages of earlier sys-
tems.

Mare specifically, an object of the invention is to
provide an improved method of effecting such exother.
mic reactions without the high cost, in terms of capital
and energy, of preheating characterizing earlier meth-
ods.

Yei another cbiect of the invention i8 to provide an
improved method of hydrogenating and liquifying coal.
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SUMMARY OF THE INVENTION

These objects and others which will become apparent
hereinafter are attained, in accordance with the present
invention, in a methed for effecting a highly exothermic
reaction which comprises forming a viscous suspension
containing at least one reaction parlicipant in a liquid
vehicle which also contains a catalyst, preferably in
suspended form, pumping the suspension to the reaction
pressure, feeding the suspension o 8 prcheating zone of
the reaction products from the reaction zone, thereby
preheating the suspension, conducting the preheated
suspension to the reaction zone within the vessel, and
effecting the exothermic reaction in the reaction zone at
the elevated pressure and at an elevated temperuture.

Since the suspension passes through a preheating
zone in the pressurized reaction vessel itself and is sub-
jected to direct heat exchange in the preheating zone
with reaction products, the preheating zone can be fully
integrated with the reaction zone in a single reaction
vessel and the high capital costs of separate indirect
heat exchangers are climinated.

The reaction vessel can thus be formed between the
inlet or the suspemsion and the exothermic reaction
zone, with a preheating zone in the form of an inlet flow
ctoss section for the suspension at which direct contact
between the latter and hot reaction products is effected.

A conventional reaction vessel can be enlarged rela-
tively simply and inexpensively to accommodate, this
preheating zone and, because the preheating zone can
communicate directly with the reaction zone, pressure
Josses acrass the preheating zone are minimized.

The direct heat =xchange, moreover, permits more
efficient utilization of recaverable sensible heat of the
rcaction products than can be achieved with indirect
heat exchange.

In the prefesred and best mode embodiment of the
rezction, the reaction. vessel is upright and vertically
elangated and the preheating zone is provided within
this vessel directly above the reaction zone or, can--
versely, the reaction zon¢ is provided immediately
below the prehcating zone.

In this case, the suspension is introduced into the
upper portion of the reaction vesse] and contacts, as it
passes downwardly into the reaction zone, lighter reac-
tion products which tend to rise in the vessch to effect
the indirect heat exchange. In coal hydrogenation and
liquefaction sysiems, such lighter componenis are gen-
erally reaction products which are gasecus at the reac-
tion temperature. These reaction products can, after
traversing the preheating zone in counterflow ta the
suspension, by readily withdrawn from the reactor ut a
location above the preheating zone. These reaction
products can, in part, condense upon cooling in contact
with the suspension and are cither decanted off or are
reentrained with the suspension inte the reaction zone.
The preheating zone can thus be provided with a de-
canter if desired.

1t has been found to be advantageous, moreover, to
control the reaction temperature by introducing & cold
gas at a plurality of locations into the reaction zone, this
cold gas being either a reaction participant such as hy-
drogen or a cooled product, aithough it can also be a
material relatively inert to the reaction. This permits the
reaction temperature to be moderated in spite of the
strongly exothermic pature of the reaction.

The composition of reaction products which are per-
mitted to combine with the suspension for reentrain-
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ment to the Teactinn zone therewith can be controfled,
in accordunce with another feuture of the invention, by
the controlied wooling of a zone abuve the preheating
zone. This cooling allows, morcover, control of the
composition of the gases flowing from the reactor by
varying the components of the gas above the preheating
zane which are condensed out. Since heavy compo-
nents are more readily condensed from the gases these
may be preferentially recycled to the reaciion Zone sa
that the product mix will contain predominantly light
components in the gases recovered. :

According to yet another feature of the invention, the
upright, vertically elongated reaction vessel is a pres-
sure vessel whose lower portion is fermed with the
reaction zone and whose upper portion defines a pre-
heating zone and a vapor or gas spacc in which gaseous
reaction -products can accumulate. :

"This reactor is provided with a feced duct at its upper
end for introdueing the suspension and a discharge duct
at its upper end for gaseous reaction products, An addi-
tional duct can be provided to allow liguid: reaction
products to be decanted from the suspension while an’
ontict at the lower end of the reaction vessel can serve
to enable withdrawa) of Hauid and residuves.

According to a feature of the invention, the upper
end of the reactor is provided with a distributor for
uniform distribution of the suspension over the enlire
cross section of the vessel. The type of distributor used
will, of course, depend upon the natare of the highly
viscous mixture.. In the case of the hydrogenation of
coal, where the feed isa highly viscous and almost pasty
mixture of milled coal, catalyst particles and a pasty oil,
uniform distribution is achieved with a pair of spaced-
apart filter grates with parallel thraughgoing stots, the-
glots of the two grates being transverse to one another.

In ar especially simple construction of the reactor of
the present invention, the preheating zone lies directly
above the reaction zong und no physical barrier is pro-
vided therehetween, Once the suspension is uniformly
distributed ncross the cross section of the vessel, there-
fore, it passes downwardly into the reaction zone which
aan be formed with means at at least two spaced-apart’
locations for feeding cold gas to the reaction zong, at
least one of the gases being hydrogen. A cooling coil is
advantageously provided in the vapor spacd above the
inlet for the suspension,

A reactar of this type operates under counterflow
principles since the suspension moves downward!y
while light reaction components move upwardly to
collect in the gas space above the suspension. The coun-
terflow results in turbulence at least within the preheal-
ing zone to assure intimate mixture of the rising reaction
products and she falling suspension and thereby inten-
sive heat exchange.

In many cases, the creation of turbulence tends to
defeat the homogeneity of the reaction. This can be the
case when the flow cross section is relatively large. It is
thus advantzgeous to limit the reactor cross section by
corresponding partitions, inserts or constricting ele-
ments within the vessel. In general such elements
should be designed to narrow the region in which tur-
bulence occurs or to pass the reaction products in the
suspension in uniflow, i.e. in the same direction.

An embodiment of the present jnvention in accor-
dance with the latter principlcs will have a further
vapot collection chamber hetween the preheating zons
and the reaction zone and as defined by partitions or the
like built into the reactor, Such members can delimit the:
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bottom of the preheating zone and establish the top of
the second gas-collecting space. Means can be provided
fur conducting the suspension away from the preheat-.
ing zone and to the bottom of the reaction zone while

liquid is discharged from the top of the reaction zone
and gascous producls are dirccted through the suspcn-

sion on the partition thereof, At least to a certain extent,

with this canfiguration, the suspension and the reaction

products are passed in uniflow. This reactor construsc-

tion allows newly formed rcaction products to flow

continueusly upwardly, the flow of both the hot gas and

the incoming suspension to be both downwardly, and

any condensation tabe carried out above the suspension

via a cooler in the upper gas space.

BRIEF DESCRIPTION OF THE DRAWING

The above 2nd other objects, features and advantages
of the prescnt invention will become more readily ap-
parent from the following description, reference being
made to the accompanying drawing in which:

FF1G. ¥ is-a vertical axial cross-sectional view through
a first embodiment of the invention in which the pre-
tieating zone opens directly into the reaction zone; and

FICt, 2 is a similar section of an embodiment in which
the two zones arc separated from one anuother in accor-
dance with the invention.

SPECIFIC DESCRIFTION

FIG. 1 shows a reaction vessel to which the suspen-
sion, e.g. of coal, oil and catalyst particles for coal lique-
faction and hydrogenation, is fed by a pump 40 capable
of building up the desired reaction pressure in the vessel
41. The finely divided coal particles are formed in a mill
42 1o which the coal is fed from a hopper 43 dnd mixed
with the pasty oil (vehicie} in a mixer 4. The mill 42
may be a drying mill in which the coal particles are
dried.

:The il may be of any oil stable at a temperaturc

: ahove 500" C., can be prehcated and can be recovered

from a separator 45 connected {0 the liguid outlet 7 of
the reactor. :

When ihe coal, which has a temperature of about 60°
C., is mixed with the oil which can have a temperature
af 250° C. from the liquid separator 45, the rcsulting
slurry has a temperature of about 170" C. with which it
is pumped into’ the ceaction vessel 41 at 3and with the
reaction pressure which can ke between 150 bar and 300
bar, preferably 258 bar.

The suspension 3 is introduced above a distribulor
device 2 which consists of a pait of sieve grates 2a and
2b having a space 2¢ between them, each grate 2¢, 2b
being made up of a plurality of parallel bars of irapezoi-
dal cross section which define downwardly widening
slits between them. The slits of the two grates arc trans-
verse to one another, i.e. cne set of slits may lie parallel
to the plane of the paper in FiG. 1 while another set of
slits is perpendicular to the plane of the paper.

We have found that.this distributor-arrangement €n-
cures uniform feeding of the suspension to the full cross
section 46 of the vessel below the distributor. Above the
distributor a layer Jz of the suspensien is formed.

Giaseous reaction products and unreacted bydrogen,
rising fram the reaction zone 47, pass through this layer
above the layer.

‘A limited reaction can occur in the rcgion of the layer
3z although the major part: of this suspension passcs
unreacted through the grates 24 and 25 into a preheat-
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" ing zOME directly below the distributor . The preheat-

ing zone is represented at 48 in FIG. 1.

Tn this Zone, intimate contact is effected between the
¢iging lighter and the gascous reaction products so that
the suspension I8 subjected not only to & direct heat
exchange and preheating but alse to a dilution with
heavier reaction products which tend to move down-
wardly with the suspension as they are cooled by this
direct heat exchange. ‘Abuve the suspension the lighter
reaction products arc conccatsated.

In the luwer region of the pressure vessel and espe-
cially in the region 47, the-cxothermic coal hydrogena-
tion s cifected, resulting in 2 rapid {emperature in-
crease. Hydrogen can be intreduced by appropriale gas
inlet means represented at 5 or 6. The intets 5 and 6,
MOTEOVET, SErve 1o feed cold gas into the reactor 50 that
the lemperature in the tcaction zone 47 15 held in the
region of 4307 10 470° C.

The cold gas can be the hydrogen required for hydre-
genation OF @ gas stycam tich in hydrogen and methane
as separaled from the gaseous reaction products by, for
example, a gas separaiol 48 from which the hydrogen

.and methane mixture 1s recyeled to inlet #. The cold gas

temperature can be about 150° C. or less.

Since the coal hydrogenation js nsualty carried out
with a hydrogen eXceis, the cold gas fed can serve as
particularly convenient and simple way of regulating
the temperature in the reaction zone.

jn the reaction zone, all reaction products which
have a boiling point of 430° to 470° C. at the process
pressure pass us fascs upwardly in counterflow to the
descending suspension and collect in the space 4 ta the
extent that they do not condense apan cooling in heat
exchange with upper portions of the suspension.

The liquid reaciion products, catalyst particies and
vehicle oit are withdrawn at 7 and separated at 45, at
least onc portion recovered by vacuum distillation
being the oil vehicle mentioned above.

The gassous reaction producls are passed through 2
filler 8 in the form of anct which prevents liquid purti-
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cles from being entrained. The liquid particles trapped

by this droplet separator are returned to the suspension
and carried thereby into the reaction zong. The gas,
usually ot a temperature between 35(° and 400° C.,
containg all of the light hydracarbons produced by-the
hydrogenation as well as components boiling in the
range of gasoline and gas oil or thereabove as well as
surplus hydrogen. These components can be sepacated
from ane another by conventional gas rectification pro-
cedures.

The product mix i8 controlled by a cuoling coil 10
which serves to regolate the outlei temperature of the
product and to condense the heavier components of the
gas mix s desired.

The embodiment of FIG. 1 differs from that of FIG.
1 in that a sepuration is provided between the preheat-
ing zone 11 and the tegotion zone 12, A farther gas
space 13 is provided betwecn these zone.

The suspension leaving the distributor 2 is subjected
to direct heat exchange in uniflow with the gasecus
reaction product which pass upwardly around the lip of
a funnei-shaped member 50 and then in the direction of
the arrows 51 upwardly.

The suspension passes in the game direction (arrows
52) into the {untnel 50 where it is collected at 14. From
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this region the preheated suspension is carried by 2
downcomer 15 through the reaction zone 12 to be dis-
charped at the botiom of this reaction zone, the suspen-
sion then flowing wpwardly.
Hydrogen-comaining pas is introduced at 16, 17 and
18 to effcet hydrogenation and 1o conirol the tempera-
tare in the reaction zone a8 previously described. Rising
gaseous reaction products collect in the chamber 13
Wwhich serves as a heat separatol, while the liguid prod-
ucls are coliected by an overflow funne! 19 and are
carried away by a pipe 20 through the hottom of the
reacior.
The gases collected 2t 13 flow through the pussages
21 in the preheating zone 11 for direct heat exchange
with the suspension. The cooling of these gases results
in the condensation of 2 dilution oil which remains in
the suspension and passes therewith into the reaction
rone-
We claim;
1. A method of effecting a highly exothermic reaction
al an elevated pressure and temperature, comprising the
steps of:
forming a suspension in a liquid vehicle of at least ong
reaction participant and solid catalyst particles
capuble of inducing exothermic reaction thereof;

pumping said suspension into the preheating zone ofa
resction vessel subdivided verlically into said pre-
heating zone and a reaction ZOnE communicating
with und below said preheating zonc and receiving -
preheated suspension therefrom, the pumping of
said suspension into the preheating zone ol said
reaction vesscl generating said pressute therein;

preheating said suspension in said preheating zone of
saicd vessel by direct heal exchange with at least
partially gaseous reaction products of said reaction
from said reaction zone at said elevated tempera-
ture in said vessel fallowed by separation of the
gaseous reaction products from the preheated sus-
pension, the separation of the gaseous reaction
products from the preheated suspension being vi-
fected in said prehealing zone; and

feeding the preheated suspension into said reaction

zone and causing said exothermic reaction in said
preheated suspension {0 produce said reaction
products substantislly exclusively in said reaction
zane whereby tight reaction products produced in,
said reaction zone vise therein, are separated from
the suspension in the reaction zone and are passed
directly into said preneating zone & heat the sus-
pension jntroduced thereto.

2. The method defined in claim 1, forther comprising
the step of controlling the temperature in snid reaclion
zone by introducing 2 cold gas into said reaction zone.

3, The method defined in claim 2, further comprising
the steps of accumulaling, gaseous products above said
suspension in said vessel, withdrawing accumulated
gases as & product gas mix from said vessel, and control-
ling the compaosition of said mix by cooling the col-
lecied gAasCs, therehy condensing components there-
from.

4. The method defined in claim 3 wherein said sus-
pengion is a mixture of coal and catalyst particles in an

oil vehicle.
. ¥ & *



