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This invention relates to a process by means of which
chemical reactions can be carried out in an improved
manner, and to an apparatus for carrying out this process.

"It is known that the reaction or conversion of partici-
pants in chemical reactions depends on a number of dif-
ferent foctors. In addition to the position of the equilib-
rium constants of the reaction conceraed, which: position
indicates to what extent the reaction can proceed in equi-
librium under the reaction conditions, there dre other
values which are of importance for actually carrying out
these reactions, these values being for example the reac-
tion velocity, the readiness of the molecules for reaction,
displacement of the equilibrium by removal of the end
products, the presence of catalysts and others. With re-
actions in which the reactants are not present in a homo-
geneous phase, for example with the reaction of gases
with liquids not having relatively strong dissolving power
for the gas concerned, or of gases with solid substances,
or the reaction of liguids which are not miscible with one
another, or of ligeids with solid substances or of diferent
solid substances with one another, the common surface
of contact of the substances is of decisive importance,
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The invention provides a process for carrying out
chemical reactions by reacting or treating at least one

~ gascous compenent with at least one liquid component in
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The smaller this surface of contact, the slower will be the -

reaction of the reactants. - ‘The same phenomenon occurs
with the supplementary use of activators or catalysts
which are present in a non-homogeneous phase with the
reactants under the reaction conditions or with the addi-
tion of other diluents or the like which are not miscible
in 2 homogeneous phase. In the most unfavourable case,
the ratio between contact time and common contact sur-
face of the reactions can be such that a reaction under
normal conditions does not oceur or oaly occurs to such
a small degree that these reactions cannot be considered
for technical purposes.

Attempts have been made in the art to counteract these
difficulties by various auxiliary messures adapted io the
prevailing conditiozs. For example, additionai solvenis
are used which discolve the reactants in an adequate man-
ner, whereby the reaction takes place in the homogeneous
phase of the solvent. Furthermore, attempts have been
made to provide a large common contact surface by the
finest possible mixing. In the reaction of gases with
liguids, the gases are for example split up by frits or other
gas-distributing devices, into very smail bubbles which
are conducted throngh the liquids. Efforts have been
made to achieve further mixing by additional stirring.

It has also been attempted to mix immiscible liquids
as intimately as possible with one another by vigorous
stirring.  When solid reactants are present, these are
finely divided before the reaction in order in this way
to be able to offer a large surface to the reactants. In
cther cases, incressed pressure is used to increase the
conceniration of readily volatile reaction components in
the reaction mixtore acd thus also to increase the com-
mon surface of contact with the other reactants. Other
processes in their turn use auxiliary agents such as emulsi-
fiers in order to achieve sufficlent dispersion of the reac-
tion components. i

A process has now been discovered by which chemical
reactions in which at least one liquid participates as a
reaction conmponent or as a treating medium are facili-
tated and simplified in a surprising manner,
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a sprayed coadition, wherein the liquid component is
repeatedly sprayed and recycled inside a reaction vessel
to form a reaction zone filled by a whirling spray of the
liquid component, ‘and the gaseous component is passed
through this reaction zone. The spraying of the liquid
component thus causes the formation of a reaction space
filled by liquid fractions sprayed in the mammer of a
whirled layer, the gascous reactants and any gaseous dilu-
ents which may be présent being passed through the reac-
tion chamber. Consequently, only some of the reactants
or reaction auxiliaries which participate in the reaction
have t6'be present undet the reaction conditions as liquids,
suspensions or emulsions which are capable of being
sprayed, witile the remainder can be introduced in the
gaseous phase into the spraying zoae which is formed.

The spraying is advantageously carried out jnside the
reaction vessel in a circulatory process, so that the sprayed
liguids, suspemsions or emulsions are sprayed several
times or are always sprayed afresh after running down the
wall of the vessel.

The velocities used when spraying the liquids are pref-
erably such that at least two litres of liquid per litre of
reaction space and per hour, but preferably at least 10

" litres of liquid per litre of reaction space and per hour

are sprayed. :

The great facilitation and acceleration of the reaction

with the process in accordance with the invention is inter
alia madea possible by the spraying causing the reaction
mixture to be intimately mixed and secondly causing the
reactants to act on one another wilh an extremely large
surface, whereby the conversion of the reactants is pro-
moted. : ) :
Apparatus which are suitable for carrying out the
pracess according to the invention are those by which the

liguids can be sprayed in a sufficiently fine form. For

this purpose, it is advisable io use apparatus which spray
the liquids with the indicated high velocities and with
which more especially the liquids can be sprayed inside
the reaction vesszl in circulation. In this way, for ex-
ample, the throughpot of resction mixture through the
reaction vessel per unit of time is high, and the same
applics as regards the yield, Furthermore, due to spray-
ing in circulation, the reaction is additionally facifitated
by the rapid exchange of liguid in the spraying zone. The
surface of the liquid dropiets which is charged with re-
acted product and consequently is no longer so reactive
is quickly destroyed, while fresh surface ready for reac-
tion is always reformed afresh in farge quantity. In ad-
dition, the sprayed liquid is not able to combine to form
relatively large droplets during the short length of stay
in the spraying zone, whereby their surfaces would be re-
duced in size.

Spraying apparatus or devices which have proved to be
particularly suitable arc those in which the liquid is raised
on the inside of a rapidly rotating casing provided with
small apertures, is then thrown outwardly by centrifugal
force through these apertures into the spraying zone and
thereafter again runs down on, the wall of the reaction
vessel, in order then to be sprayed afresh from the bot-
tom of the reaction vessel. The nature of the spraying
zone and thus the reaction effect can for example be
varied by the speed of the rotating movement and by the
size and the arrangement of the apertures on the rotating
casing. As already mentioned, it is advisable to carry
out the spraying at high velocities. Satisfactory results
are for example obtained when the rotor is rotating.at
700-1400 r.p.m., but higher or lower speeds can be used,
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according to the required formation of the sprayed layet.
Thus, high speeds of rotation of for example 2800 r.p.m.
give a considerably greater circulation of the liquid and
thus a- more rapid exchange of the sprayed particles than
low speeds of revolution. Of contributory importance
for the spe=d of the circtlation and thus for the forma-
tion and efficacy of the layer filled by sprayed whirling
Tiquid
th% construction of the suction device at the base of the
rotor dipping into the liquid. Even simple scoops or
blades produce satisfactory results. High circulation out-
puts can for example by produced by means of sucgion-
type propellers, In this way, comparatively high circu-
lation outputs can be successfully produced in small
apparatus. For example, a propeller with a diameter of
60 mm. produces 2 suction output of 20 cubic metres per

particles when using these arrangements is also.
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hour -at 1400 r.p.m. and 40 cubic metres per hour at .-
2800 r.p:m. Whereas a propeller with a diameter of |

only 80 mm. supplies 80 cubic metres per hour at 2800
r.p.m., it is for example possible with a propelter diam-
eter of 300 mm. to circulate 1500 to 1800 cubic metres
per hour. By suitable design of the casing and of the
suction device, it is even possible at the indicated speeds
. of rotation to circulate 60 to 100 cubic metres of lquid
per minute, but due to the ‘repeated spraying in circula-
tion, only a small fractiof of this quantity of liquid must
be present in the feaction vessel. _
These figures can however be adapted to actual require-
ments by variations, for example in the design of the
casing, the spraying height or the speed of revolution.
The liquid surface can moreover be influenced by the
size and number of apertures in the rotor casing through
which the liquid is projected for forming the spraying
zone. Naturally, it is larger with many small holes than
jt is with a few large holes. By suitable arrangement of
these holes or apertures, for example in spiral form, it.is

possible to obtain a uniform filing of the reaction cham-

ber with ¢ sprayed whirling layer of liguid.

One diagrammatic view of such a spraying zome in
which the reaction products leave the reaction vessel in
gaseous form is shown in FIGURE 1 of the accompany-
ing drawings. Rotatable in a reaction vessel 1 is a rotor
3 which is mounted on bearings 2 and by which a liquid
layer 4 on the bottom of the reaction vessel is raised on
the inside of the casing, from whence it is thrown out-
wardly again through discharge openings in the rotor
casing into the teaction vessel 1. The reaction compo-
nents or auxiliary agents are passed through a pipe 5 to
the bottom of the reaction vessel or into the lower part
of the sprayed whirling liquid layer and removed
through a pips 6 -after travelling through the spraying
z0ne. .

If if is desired to shorten the length of stay of the
reaction products in the spraying zone as compared with
the natural length of stay, the natural discharge of reac-
tion products being effected inter alia by the addition of
fresh substance can for example be accelerated by intro-
duction of an inert gas. In this way, it is possible to ob-
tain extremely short lengths of stay under the reaction
conditions, but nevertheless satisfactory conversions can
be produced on account of the action of the spraying zene
in promoting the reaction.
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The process according 1o the invention can be carried
out intermittently or continuously. With the intermit-
tent process, the reaction mixture, which is more espe-
cially non-homogeneous, is sprayed in circulation in the

saction vessel until an adequate conversion has occurred.
The use of spraying in circulation provides bere all the
advantages of the spraying zone, such as the large and
always reforming surface of the reaction components.

“The process according to the invention is however also
particularly suitable for use in connection with reactions
carricd out continuously,

For camrying out the process according to the inven-
tion, the physical state of the reaction products under the
reaction conditions is important. With the reactions of
one group, the reaction products being formed are ex-
clusively volatile under the reaction conditions, ie., the
reaction products leave the spraying zone spontaneously
in the gas phase. The reactions in which partially or
exclusively non-volatile reaction products are formed
under the reaction conditions fall in another group.

The first type of reaction can be carried out in & par-
ticularly sinple manner under conditions which are
favourable from a technical and economic point of view.
If at least one of the reactants under the reaction condi-
tions is a liquid, this liquid is sprayed into the spraying
zone, while the other reaction components and addi-
tional liquid agents are added at the rate at which the
volatile reaction products leave the spraying zome. The

. dimensions. of the reaction vessel are advantageously
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Independently of these separate features, it is however

only necessary for carrying out the process according to
the invention for an adequate reaction zone of sprayed
liquid particles to be formed in a satisfactory manner
inside the reaction vessel, the reaction componenis or
diluents which are perhaps present in gaseous form being
conducted into the said zone., A spraying of the liquid
inside the reaction vessel at relatively high velocitics and
within the vessel in circulation is generally of consider-
able importance for the reaction of chemical reactants
and provides the additional advantage that large amounts
as repards spraying chamber volume can be produced
with only small quantities of liquid per unit of time.
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such that the amount of sprayed liquid in the spraying
zone is latge as compared with the amouat of condensed
liquid which is on the bottom of the reaction vessel and
which i3 to be sprayed. In this way, while fully utilising
the reaction-accelerating effect of the spraying zone, the
length of stay of the compounds in the reaction zone is
low. In the first place, this resiricts the possibility of
undesired secondary reactions, while secondly such a pro-
cedure has a favourable effect on the naturs of the prod-
ucts, which it is known are generally improved if the
length of stay under the reaction conditions, for ex-
ampls elevated temperatures, is relatively short.

The use of only small amounts of liguid during the
spraying operation can for example be obtained by a
reaction arrangement such as shown with other features
by FIGURE 2. The bottom of the reaction vetsel 7 is so
designed in this case that the sucticn device B at the base
of the rotor 9 dips into a recess in the bottom of the re-
action vessel. Due to the slope of the remainder of the
boitom of the reaction vessel, the sprayed liguid guantitjes
running down on the wall are collected in the compara-
tively small bottom recess and can be again drawn up-
wardly frem this recess through the rotor.

The suction device 8 js in this case constructed for
example as a suction propeller, whereas simple blades arz
shown by way of example as another possibiiity in FIG-
URE 1.

The quantities of liquid which are necessary for the
process according to the invention and which are always
present in the reaction apparatus thercfore depend, as
will be seen, on the dimensions and the design of ihe
reaction vessels being employed. In suitable reaction ap-
paratus, it is already possible with quantities of 1¥2-3
litres of liquid to build up a layer of whirling sprayed
liquid particles, this layer providing ths basis for reactions
on a technical scale, These extremely small quantities of
liquid are of retatively high importance, especially for the
reactions in the presence of spraved catalysts. [t is obvi-
ous that according to the choice of the apparatus, it is also
possible to use considerably larger quantities of liquid if
this should be desired. The quartity of liguid which it is
possible to use is thercfore practically without any upper
limit.

In many cases, for example at high reaction tempera-
tures, it can be advantageous for the compeounds to be
reacted or additionally supplied products to be preheated
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beforz heing introduced into the reaction vessel. This is
achieved by the fact that the compounds concerned are
conducted through a preheater before being supplied to the
reaction vessel, the products being brought to the required
temperatuce in the said preheater.

The temperature range inside the reaction vessel which
is necessary for the reaction cdn be set in a very simple
manner when using the process according to. the inven-
tion. Due to the rapid circulation of the liquid and the
associated downward flow of a iarge quantity of liquid
per unit of time on the inside wall of the reaction vessel,
a gaod heat exchange takes place between the sprayed
liquid and the wall of the reaction vessel. The temperature
range necessary for the reaction can therefore bs main-
tained in a simple manner by exfernal cooling of the reac-

tion casing with exotbermic reactions and by heating the

said casing with endothermic reactions.

In -order ‘to achieve -an even more intensive heat-ex-
change, suitable heating or cooling devices such as heating
coils, heating groups or the like can be arranged in the
spraying zone or in the liquid oa the bottom of the reaction
vessel. It is however also possible to dissipate the heat
of reaction being set up by evaporating one or more re-
actants or reaction auxiliaries. The quaniities discharged
can then be returned directly to the reaction vessel by te-
flux cooling or can be/{solated outside the reaction vessel
and returned ip’ciréulation into the vessel. The features
of the short lénzth of stay under the reaction conditions
and the readily controllable temperature by heat exchange
of the liquid with the cooled or heated jacket of the reac-
tion vessel or corresponding cooling or heating devices,
which features. are characteristic for the conversion of
reaction mixtures by spraying in circulation, makes it
valuable to use the process according to the invention
with homogeneous reactions as well as with noa-homo-
gencous reactions. By rapid spraying, it is also possible
with said homogeneous reactions to effect large conver-
sions per unit of time, it being poscible for these conver-

sioos to be readily controlled at the temperatures to be
used. What has aiready beca stated is also applicable as
-Tegards the nature of ths products only briefly exposed
to the reaction conditions.
In one embodiment of this process, reactions are car-
ried out which are assisted by the presence of catalysts,
The catalyst which is liquid vnder the reaction condi-
tions or the dissoived, suspended or smulsified catalyst in
a liquid which is not volatile or only sparingly volatile
under the reaction conditions, is sprayed in circulation in
the reaction vessel under the conditions necessary for the
reaction. In this case, it is advisable to work with spray-
ing velocities of at least two litres of liquid per litre of re-
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time, the surface being adapted to be influenced by varia-
tion of the spraying velocity. The economy of the reac-
tions concerned is of course considerably improved in this
way, since the expense involved for freshly imtroduced
catalyst or for replacing the catalyst lost due to soiling or
inactivation is appreciably reduced. Whereas tall reac-
tion columns, frequently several metres high, have so far
been rcquired for example for reacting gases with liguids
or for reacting different gases with one another in catalytic
liquids, the reactions according to the invention can be
carried out with-liquid of less catalytic activity in com-
paratively small devices which save space and material,
this contributing to a further improvement ip the economy
of the reactions.

In addition to the variation of the indicated values or
in addition to the variation of the catalyst introduced, a
variation of the catalytic effect can also be produced by
varying the concentration of the catalyst in the solution,
suspension or emulsion. By means of this measure, it is
possibie\substantially to control the reaction of the re-
action components.

In cz% whete only insufficient reaction or conversion

" has occutred with the single treatment in the spraying
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ZOng, it is 'p-ossible s0 to proceed that the product removed
at the rear end is completely or largely reintroduced at
the front and in this way passes several times through
the same reaction vessel, or that several spraying zones
are connected in series so that the reaction mixtures are
conducted through a scries of spraying zonss, possibly
with the further addition of one or more reaction com-
ponents or resction auxiliaries, until an adequate com-
version has been obtained.

When several series-connected spraying zones are used,
it can be advantageous to work in the separate spraying
zomes with different velocities and/or differen: liquid sur-

faces in each spraying zone. In one preferred form of

the invention, the spraying is effected initially at a high
velocity and with a large surfacs, while small velocities
and smaller surfaces are used towards the end. In this
way, initially forming liquid mists which are transferred
from one io the other of the reaction vessels are finally
broken up, so that the reaction products can be drawn
off at the end without any difficulty.

When working with a stationary liquid phase in the
reaction vessel and mainly gaseous reaction producis, a
continuous liquid exchange between the separate spray-
ing zones can be obtained by the liquid phases of these

" -zomes being interconnected, whereby the discharged lig-

action space and per hour, but preferably at least 10 Litres

of liquid per litre of reaction space and per hour. The
compounds to be reacted are then supplied to the bottom
part of the spraying zone at the rate at which the re-
action products leave the spraying zone and the reaction
vessel. The compounds to be reacted can be supplied as
gases, liquids or solid compounds, provided ooty that
they do not deletcriously affect the spraying of the catalyst
or of the catalyst mixture.

One particular advantage when reactions capable of
being influenced catalytically are carried out by the proc-
ess referred to is that only comparatively little liquid and
thus littfe catalyst are required for forming a large cata-
Iytically active reaction chamber formed by sprayed whirl-
ing liquid quantities. In this way, the ratio between the
product put through and the total quaniity of catalyst
present is displaced to a surprisingly strong extent in favor
of the compounds to be rteacted, Le., the exploitation of
a certain quantity of catalyst is substantially improved.
By spraying in circulation at velocities of at least two
litres but preferably 10 litres of liquid per litre of reaction
space and per hour, large quantitics of freshly sprayed
catalyst having a fresh surface are offered to the reactants
per vnit of volume of the reaction space and per unit of
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uid quantities are autemastically balanced again.

With the reactions of the aforementioned second group,
with which some or all of the reaction products are not
volatile, it is necessary to use a somewhat modified tech-
nique in the process, since the reaction products do not
spontanecusly leave the reaction vessel, In order that
the reaction may be carried out contizuously and easily,
the reaction products should in this case advantageously
form as liquids or dissolved, suspended or emuisifled in
inert lquids or an excess of the liquid starting material.
When carrying out this process, the procedure is that
ths reaction mixture is continuously introduced into the
reaction vessel, is here sprayed once or repeatedly under
the reaction conditions and then is withdrawn as liquid,
solution, suspension or emulsion in such a quantity from
the reaction vessel that a satisfactory reaction has pre-
viously taken place.

If the reactions are to be influenced by catalysts, these
are added to the initial mixture in suitable quantity. After
leaving the reaction vessel, the mixtures of products can
advantageousiy be so worked up that the unreacted initial
products, and perhaps catalysts and/or inert reatment
media are separated from the products which are required
and returned to the process again at the front end. 1f
solid substances are formed in a large quantity when op-
erating in this manner, it is advisable to work with an
excess of liquid starting material or with the use of an
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additional liquid solvent, suspension agent or emulsifier.

It is particularly advantageous to use solvents in such
a quantity that the reaction products are removed at the
reaction temperatures as homogeneous solutions, the main
part of the solid product is precipitated by cooling ex-
ternally of the reaction vessel and thereafier separated
out, whereupon the liguid phase is returned to the reac-
tion vessel.

The temperature and pressire conditions can be varied
within anv desired limits when using the process in ac-

cordance with the invention, provided only that the basic -

condiiion of the rezction, ie., that all or part of the re-
action mixture can be sprayed, is maintained. It is thus
possible o operate at normal pressures, sub-atmospheric
pressures or super-atmospheric pressures and at any de-
sired temperatures. When continuous methods are used,
it is hawever necessary to select the suitable process ac-
cording to the volatility of the products being formed.
The overall dimensions of the layer of thé sprayed
whirling liquid components as regards height and lateral
dimension are of decisive imporiance, in addition to the
aforesaid many possibilities of variation to be adapted to
existing conditions. This is particularly applicabie if
gaseous reactanis are to be conducted through the spray-
ing chamtber, i.e., for e;ga/m'ple when carrying out chemi-
cal reactions in thg presénce of sprayed liquid catalysts,
catalyst solutignsy suspensions or emulsions. Since the

10

capacity of the ‘apparatus and thus the quantity of the .

products to be reacted per unit of time are larger in pro-
portior as the volume of the spraying chamber is larger,
the generzl aim will be to use comparatively wida reac-
tion vessels in which the liquid droplets thrown off lat-
erally can cover a considerable distance horiZzontally,
Moreover, it is possitle to alter the heisht of the sprayed
layer by varying the height of the perforated casing. The
choice of these conditions for the process nevertheless is
closely dependent on the other conditions which are
chosen, such as the number of apertures in the rotor cas-
ing, the speed at which the rotor rotates, the selected
temperature range and the pressure in the reaction ves-
sel, the reactivity of the compound to be converted, etc.
Thus, with reactions which take place comparatively
easily, satisfactory conversions can be obtained technically
with a spraying height of 10 to 15 c¢m., whereas with
reactions proceeding less teadily, the spraying height can
be lengthened as required, if necessary up to several me-
tres, for example 3 to 5 metres. The lateral dimensions
of the reaction vessel is to be so adapted to the actual
spraying velocity that the sprayed liquid jets still reach
Ehe wall of the reaction vessel at a sufficient velocity,
ie., that a spraying chamber or zone is formed within
the Teaction vessel, this completely filling the space be-
tween the rotor and the vessel wall, so that the gaseous
-substances passing through must at all points actually
travel through a uriformly thick sprayed layer and are
not able laterally to reach that space at the heat of the
reaction vessel which is filled with less satisfactorily
sprayed liquid. Here also the dimensions which ¢an be
used in practice are from a few centimetres up to several
metres, for example 3 to 5 metres.

The supply velocity of the compounds to be reacted or
the r‘caction auxiliaries is determined by the prevailing
conditions in the individual rcactions, The following
faciors are for example essential as regards this supply
velocity: the height and other dimensions of the spray-
ing chamber, the velocity at which the liquid is sprayed,
the reactivity of the compounds to be reacted and the
degree of reaction which is rcquired, and perhaps the
occurrence of undesired secondary reactions, ete. With
suitable variations of the conditions, it is possible to
obtain a practically unlimited range of variation in the
velocity of introdection.

] If it js desired to control the reactions of the reactants
in a certain direction, it is of course possible with the

8

process according to the invention for the equilibrium in
the reaction to be displaced in favour of the .desired
products being formed by adding certain undesired re-
action products. In this connection, it is possible for these
products from an undesired reaction to be conducted
continuously into the reaction vessel together with the
compounds to be reacted; it is however particularly ad-
vantageous for these undesired products to be initially
placed in the reaction vessel. This particularly advan-
tageous form of the invention can then be easily carried
out if the toiling point of the undesired reaction products,
makes it possible for a limited quantity of these unde-
sired products to be sprayed in circulation . inside the
reaction vessel, or if the differences in the boiling points
between desired and undesired reaction products are so
great that the separation of the desired and undesired re-
action products is readily possible outside the reaction
chamber, .for example by partial condensation of the re-
action vapours. A limited quantity of the undesired re-
action products cen also be used for displacing the
equilibrivmjinside the reaction chamber.

The procéss in accordance with the invention can be
used for alk reactions of chemical reactants, provided
that the main condition is fulfilled, which is the presence
of at least one reaction component which is liguid vnder
the reaction condition or one liguid treating agent under
the same conditions. A limitation of the range of appli-
cation is thus that at least some of the reaction mixture
should be capable of being sprayed under the reaction
conditions. - The process in accordance with ths inven-
tion can for example be advantagecusly used for reactions
such as addition and cleavage reactions, substitution, po-

_ lymerization, oxidation, hydrogenation and dehydrogena-
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tion reactions, ring-opening reactions, carbonylation and
exchange reactions, saponification and condensation reac-
tions, syntheses.of compounds in the presence of a liquid
phase, transposition and other reactions.

Individual reaciions are set cut i the followlng deserip-
tion as a nember of examples, but it is to be expressly
pointed out that the range of application is not limited
to these exampies. According to the invention, it is for
example possible to carry out etherification processes
(phenol ether from phenol and aleohol vapour) or the
synthesis of compounds with waier being split off (di-
phenylamine from phenol and aniline in the presence of
phospheric acid), of a basic (NH;) molecule or acid
(HCl) molecule, for example conversion of aniline and
chlorobenzene to form diphenylamine,  intramolecular
cleavage. processes of for example NH; (for example
cyclokexylamine to cyclohexene), saponification of chlo-
rinated aromatic hydrocarbons to phenols, such as chloro-
benzene to phenol, dichlorcbenzene to hydroguinone, the

. production of diphenyl oxide from. phspol and chloro-

benzene, as well as condensation processes with cleavage
of organic molecules (for example ROH, wherein R rep-
resents a hydrocarbon radical). It is also possible to
carry out saponification processes with water, organic or
inorganic acids, bases (ammonalysis of sprayed chloroben-
zene, mononitrochlorobenzene or dinitrochlorobenzens
with ammonia) or organic molecules such as alcobols.
As additional examples, there are to be mentioned addi-
tion processes, such as addition of water to olefines in
the presence. of sulphuric acid and perhaps heavy metal
salts to form alcohols, the addition to acetylene of for.
example FICI, HCN, carboxylic acids, alcohols, etc., addi-
tions of Jow hydrocarbons to one anocther, for example
conversion of olefines to branched benzines with a high
octane number and also the comverse reactions, molecule
cleavages and water cleavages from alcohols to formn the
corresponding olefines. It is also possible with advantage
to carry out substitutions such as halogenation processes,
for example of hydrocarbons in the presence of sprayed
heavy metal chloride melts or solutions to form methyl-
ene chloride, ftrichloromethane, chloroethane, mono-
chloroethane, dichloroethane or trichloroethane and other
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chiorinated hydrocarbons, nitration processes, sulphona-
tion processes, for cxample of benzene, and others. The
process can also be used with advantage for polymerizing
olefines, for example for polymerizing ethylene or other
olefines in the presence of sulphuric acid, phosphoric acid
or other acids and cztalysts to provide benzines.

As examples of oxidation reaction, there are to be men-
tioned the oxidation of benzere to form maleic acid, of
toluene to form benzoic acid, of p-xylene to form tereph-
thalic acid, cyclohexane to form cyclohexanol and cy-
clohexanone and also adipic acid.. It is -also possible by
the process according to the invention to oxidize naphtha-
Iene to form phthalic acid or phthalic acid anbydride,
and also to form hydroperoxides, for example cumene
hydroperoxide from cumene, The formation of epoxy
compounds is also to b mentioned. Hydrogenation proc-
esses can be carried out if for example the catalyst is
suspended in the liquid phase. It is possible in this way
to synthesize hydrocarbons or alcohols: from  carbon
monoxide and hydrogen or water vapour by the known
processes, such as the Fischer-Tropsch process and others.
Dehydrogenation of ethyl benzene to form styrene, al-
cohols to form sldehydes, butane to form butadiene and
‘other dehydration processes, for example in the presence
of alkali hydroxides and if necessary heavy metal oxides
at temperatures from 200 to 500°, can be carried out in
a particularly advantageous manner. Ring cleavage re-
actions, for example with furfurol condensation products,

tetrahydrefurane or epoxides to form the corresponding:

diols, can be carried out with the process according to
the invention in the same way as molecule transpositions.
The process according to the invention can also be used
for the known carbonylation reactions, such as the produc-
tion of carboxylic acids from olzfines, water and carbon
mogoxide, as well as for exchange reactions of the type
of Hy04-Dy»HDO4HD. o
—Heoweverayaircady TiEnlioned these reactions are not
to he considered as a )limitation as regards the range of
application of the process in accordance with the inven-
tioq. Cl

In carrying out the process of the invention, it is found
that as compared with the usual reaction arrangements,
it is possible to prodmce surprising and sometimes new
reaction effects. The readiness for reaction of the compo-
nents to be reacted is imcreased to an extraordinarily
high degree by the quickiy spraysd liquid constituents
which are in the form of a whirled iayer according to
the invention, so that hitherto unknown possibilities are
provided for carrying out reactions. The activation pro-
duced by the whirled layer initially has quite generally
the effect that either the reaction conditions such as
pressure, temperature and the like hitherto normally con-
sidered to be necessary can be kept considerably more
moderate for producing like and even DLetter results or
that by comparison with the known reaction arrangements,
the reactions take place to an intensified degree.

This applies especially to reactions which take place in
the presence of catalysts, and with the process according
to the invention, the liquid, dissolved, suspended or emulsi-
fied catalysts are sprayed in the reaction vessel to form a
whirlzed layer of spraved droplets of liquid. The activity
of known catalysts which are used in the process in ac-
cordance with the invention is increased by the spraying
operation to a degree which cculd not be anticipated, so
that it is not only possible considerably to improve the
industrial economy of known processes, but in addition
new mezthods can bz devised for technical chemisiry.
Thus, by using the process according to the invention, it is
for example possible to use comparatively gentle catalysts
in reactions with which so far considerably stronger cata-
lysts were required. In other cases, it is possible in an
extremely simple manner to carry out reactions which it
has so far only been possible to conduct by costly methods
comprising several processing steps. Yet again, in other
cases, it becomes possible to introduce new catalyst sys-
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tems for certain reactions, which then show satisfactory
results under the conditions according to the invention.
The process according to the invention is particularly
valuable with catalytically influenced reactions in which
catalysts are present in the form of suspensions or emul-
sions. Due to these suspensions or emulsicns being
sprayed in circutation inside the reaction vessel, the ex- -
tremely fine dispersion of the catalytically active com-
pounds can be maintained for any desired length of time.
This possibility of acting on the condition of the catalyst
during the reaction provides, in addition to the aforesaid
advantages of the process according to the invention, the
possibility of carrying out a larse number of reactions
which can be influenced catalytically, which reactions are
to be gencrally influenced simply and satisfactorily in the
direction actually required by the process of the invention.
With the spraying of liquids, suspensions or emulsions
which are recycled in the reaction vessel over a relatively
long period, that is to say, for example, in the carrying
out of catalvtically influenced reactions, using difficultly
volatile or non-volatile catalysts, catalyst solutions, sus-
pensions or emulsions, it is possible in one embodiment of
the invention to allow these liquids to pass continuousty

‘to a second circulation in which they are subjected to a

continuous regeneration or revival. In contrast to the
first spraying circulation of the liquid, this second liquid
circulation does not necessarily have to take place inside
the reaction vessel, but liquid constituents are preferably
continuousty withdrawn, for example at the bottom of
the reaction vessel, subjected to a regeneration treatment,
such as washing, filtering, drying etc., outside the reaction
vessel and thereafter returned to the said vessel.

The regeneration can generally be carricd out in a very
simple manner; for example, catalysts which are insensi-
tivs to water can bz simply dissolved or suspended in
water, purified and thereafter returned to the reaction
vessel again with the insignificant quantitics of waler, this
water then being discharged from the reaction apparatus
for example by the reaction products.

In this way, the catalyst consumption of the process in
accordance with the invention, which as such is already
very low, can be still further considerably reduced, since
for continuous reactions lasting over a relatively long
time, it is not necessary for different catalyst charges to
be successively introduced, but one catalyst charge can
be continuously employed for any desired length of time
and can be pradually regenerated and replaced.

In addition to the better use of the catalyst, the result
is also obtained in this form of the invention that the
operation can be carricd out practically without any inter-
ruption for any desired periods of time.

In individual cases, however, regeneration of the cata-
lyst can also take place inside the reaction vessel. If for
example syrupy phosphoric acid is sprayed as catalyst, the
water content of this phosphoric acid can be gradually
reduced by the products flowing through the spraying
chamber and thus the catalytic effectiveness of the phos-
phoric acid can perhaps be lowered.

In such cases, it is for example possible for the catalytic
efficacy of the sprayed catalyst to be regenerated inside
the reaction vessel by adding water or compounds which
split off water, such as alcohol.

In illustration of such processes carried out in the
presence of catalysts, there are described below certain
preferred methods of carrying out the process of the in-
vention,

It is thus for example particularly advantageous to
carry out the process of the invention for the production
of carboxylic acid esters from carboxylic acids, corre-
sponding anhydrides or from-other carboxylic acid esters
and aleohols, elliers or olefings in the presence of csier-
ification catalysts. The process accerding to the invention
permits the production of the corresponding carboxylic
esters in 2 simple manner.

According to the process for the production of car-
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boxylic acid esters in the presence of esterification cat-
alysts a catalyst which is liquid under the reaction con-
ditions or Which is dissolved, suspended or emulsified
in a liquid medium inert towards the compounds to
be reacted is sprayed in such a manner as to form a
reaction zone filled with a whirling sprayed catalytical-
ly effective liguid inlo which reaction zone the car-
boxylic acid, its anhydride, or the carboxylic acid ester
is conducted together with an alcohol, ether or olefine.

Suitabie acid condensation catalysts for this process
are for example acids such as phosphoric acid, end sul-
phuric acid, aromatic or alipliatic sulphenic acids, hydro-
chloric acid etc. Depending on the nature of these acids
and the selected reaction conditions, acids which are
liquid under the reaction conditions for example phos-
phoric acid or melted sulphonic acids may be sprayed
without - the addition -of other agents. These acids may,
howaver, also be sprayed in the form of solutions, sus-
pensions or emulsions and, relatively high boiling, under
the reaction conditions liguid suspension agents or sol-
vents which as such have no effect npon the conversion of
the reactants are advantageously used in additicn to the
acids, :

It is, however, also possible to replace the free acids by
tha corresponding acidlyfeacting metal salts, int particnlar
in the form of sdlutions or suspension, e.g, water comn-
taining melts of %ine chloride or AICl-6H,0, These salts
can also be used suspended in media which are inert
towards the reactants.

Tnert auxiliary agents for the reaction are preferably
high boiling and under the rsaction conditions liguid
compounds which possess a sufficienily low volaiility under
reaction conditions 1o be sprayed in circulation as ofien as
desired. This Iatter condition is not critical. It is equaily
possible to replace any evanorated portion by the addition
of fresh material, Suitable ‘materials to be used in the
process of the invention are, e.2.. natural or synthetic high-
er boiling paraffins, silicone oils, high boiling mineral cils
etc. -
The process of the invention concerning the production
of carboxylic acid esters by rsacting alcohols with car-
boxylic acids or other carboxylic acid esters is applicable
to all carboxylic acids, their esters and alcohols hitherto
used for such esterification or transesterification processes.

 In carrying out the process of the invention two basic
eroups can be differentinted, one group in which the boil-
ing point of the reaction preducts under the reaction con-
ditions is above the temperature of the sprayed catalytic
liquid, the other group in which they are below that
temperature.

In a technically particularly simple embodiment of the
process of the invention, the boiling points of the reaction
products under the sclected reaction conditions are below
the temperature of the sprayed catalytically effected liquid.
If the compounds to be reacted are introduced under these
conditions for example into the bottom of the spraying
zone then the products formed by the reaction pass through
the spraying zone and can be separated above the layer
filled with the sprayed liquid components. In this man-
ner any desired amount of compounds to be reacted can
continuously be passed through the spraying zone without
there being any nced of replacing the catalytically effec-
tive liquid.

The process according to the invention, however, also
permits the production of carboxylic acid esters the boil-
ing point of which under tbe reaction conditions is above
the temperature of the sprayed liquid.

According to this embodiment of the process of the
invention some of the liqnid sprayed inside the reaction
vessel s continuously decanted and the reaction products
removed therefrom outside the reaction vessel, where-
upon the catalytically active liquids are either recycled
into the reaction zone or first purifizd and reazperated. In
those preferred embodiments of the process, where the
reaction products voluntarily leave the reaction vesscl,
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such compounds are suited as starting materials which
produce esters with relatively low boiling temperatures,
Such materials among others are low fatty acids, such as
formic acid, acetic acid, prepionic acid, butyric acid and
further saturated or unsaturaled acids with siraight or
branched chains, in particular monofunctional acids or
monofunctional aromatic carboxylic acids such as benzoic
acid, toluic acid etc.

Carboxylic acids which produce higher boiling products,
such as aliphatic or aromatic polyfunctional carboxylic
aclds, e.g., succinic acid, glutaric acid, adipic acid, cork
acid, azelaic acid, sebacic acid, etc., isophthalic acid,
phthalic acid, terephthalic acid or other aromatic dicar-
boxylic acids are prefercbly esterified according to the
last enumerated embodiment of the invention. Tbe same
applies also to high monofunctional carboxylic acids such
-as oleic.acid, stearic acid, palmitic acid and others.

The sé\‘ma applies to the selection of aleohols or ethers.
Monofunttionzl, refatively low boiling alcchols and their
ethers, e.2, low aliphatic alcchols with 1-6 carbon atems
favour thd reaction according to the first embodiment,
whereas higher boiling alcohols and their ethers such as
aromatic o#‘ polyfunctional alcchols (glycols, glycerins,
etc.) produce the reaction preocess of the second embodi-
ment.

In addition to alcohols and ethers olafins are also suit-
able matarials for the production of the carboxylic acid
esters according to the invention. DBy treating carboxylic
acids with olefins, e.g., ethylens, propylene or butylene
according to the process of the invention, the correspond-
ing carboxylic acid esters are obtainsd in relatively good
vields. In this case the carboxylic acids are conducted
into the layer filled with the whirled sprayed liquid together
with the olefins and the thus obtained eslers are separated
from the reaction mixture according to the first or s2cond
mentioncd process. According to the invention mixtures
containing these olefins may also be used in addition to
pure olefins. It is for instance possible to use gas mix-
tures which contain in addition to a gaseous olefin such
as ethylene or propyleme, e.g., saturated hydrocarbons
such as ethane or propane.

According to a preferred embodiment of the process of
the invention water containing solutions of carboxylic
acids in particular dilute agu=ous solutions with a water
content of more than 50% are converted to carbozylic
acid esters. Iun spite of the extremely large excess of
water, these agueous solutions of carboxylic acids also
give good yields of carboxylic acid esters. If the esterifi-
cation process is carried out with alcohols, these too may
contain water. Thus the reaction of a 10% aqueous acetic
acid with ethanol in the presence of sprayed syrupy phos-
phoric acid pives good yields of acetic acid ethyl ester,
This form of carrying out the process is of particular
importance in the separation or regeneration of carboxylic
acids and alcohols from aqueous, in particular dilute
aqueous solutions.

The temiperature range used according to the invention
is 50 chosen that it is high enough to permit a reaction
but not high enough to lead to undesirable side reactions
such as decompositions etc, With these limiis, the tem-
peratere can vary to any desired extent. In carrying out
the above mentioned continuous and particulatly eco-
nomical process for the production of carbexylic acid

_esters it is also necessary that the temperature in the reac-

tion vessel is in each case higher than the boiling tem-
perature of the products being formed. Temperature
range of about 50-250° C., in particular 100-150° C. is
particularly suited for carrying out the process of the
inveation.

The pressures to be applied in the process of the inven-
tion can vary to any desired extent provided the basic
condition that the catalytically efiective liquids remain
sprayable is fulfilicd. [t is thus possible to work at normul
pressures, subatmospheric or superatmospheric pressurcs.
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A preferrad range of presure are relatively low pressures

up to approximately 15 atmospheres. :

" Under certain conditions i may be necessary to operate
st subatmospheric pressures. If for instance reaction
products are formed during the reaction the boiling tem-
perature of which is at a normal pressure somewhat
above the temperature of the sprayed catalytically effec-
tive liquid it is expedient to lower the boiling point of
the reaction products by the application of subatmospheric
pressures to such an extent that it is below the tempera-
turs of the reaction space. It thus becomes again possible
to withdraw the reaction preducts continuously in a simple
manner from the top of the reaction vessel and to use
also such starting materials which lead to rather high
boiling end products.

Al] that has been said for the production of carboxylic
acid esters from free carboxyiic acids, also applies to the

_production of carboxylic acid esters from carboxylic acid
anhydrides and with the use of and by the transesterifica-
tion of other carboxylic acid esters. :

In the production of esters which are nonvolatile under
the reaction conditions it has appeared that those esters
can easily be ramoved from the reaction vessel which are
suitable for steam distillation. According to 8 special

embodiment of the process.of the invention for the pro-

duction of not easily volatile esters which, however, can
be distilled together with steam superheated steam is in-
troduced into the reaction vessel together with the com-
pounds to be reacted. By this introduction of steam the
reaction products and especially the esters are continuousty
.carried out of the Teaction vessel and can easily be sep-
arated behind the spraving zone.

Another esnecially preferred object of the invention
relates to the nuclear alkylation of aromatic compounds,
in particular to the alkylation of confpounds with aro-
matic rings-in-the presence of acid catalysts. In this em-
bodiment of the process of the invention it is not only
possible to carry out known reactions for the ring aikylia-
tion of aromatic compounds in the presence of acid cata-
Iysts in 2 surprisingly simple and economically improved
manner but to vse novel catalysts or catalysts so far not
used for such processes in the industrial preduction of
nuclear alkylated aromatic compounds. -

According to this preferred embodiment of the iaven-
tion @ catalyst which is liquid ondar the reaction condi-

“tions or which is dissolved, suspended or emulsified in
a liquid medium inert towards the compounds to be
reacted is sprayed in such a manner as to form a reac-
tion zone filled with whirling sprayed catalytically effec-

* tive tiquids into which the aromatic compound is conduct-
ed together with the alkylation agent.

Compounds such -as alcohols, ethers, alkyl halides
and/or olefines are especially suitable as alkylation agents
for the process of the invention. Alternatively, aromatic
compounds carrying several alkyl substituents can be used
as alkylation agents for alkylating the aromatic com-
pounds. In this case, the alkylation of the aromatic sub-
stnaces is effected by trans-alkylation, i.e., at least some
of the alky] substituents of the aromatic compound carry-
ing several alkyl substituents are incorporated into the
compound to be alkylated.

In the carrying out of the process of the invention,
acids such as phosphoric acid, sulphuric acid, aromatic or
aliphatic sulphonic acids, are examples of suitable acid
condensation catalysts. Depending on the nature of these
acids and the reaction conditions selected, acids which are
liquid under the reaction conditions can be sprayed with-
out the addition of other agents. Exar-. les of such acids
arz syrupy phosphoric acid and mollen sulphonic acids,
It is also possible however to spray solutions, suspensions
or emelsions of these acids, it being possible for dispers-
ine azants or solvents, which preferably have a compara-
tively high boiling point and must be liquid under the
renction conditions, to be used as well as the acids, the
said dispersing agents of solvents per se not having any’
effect on the conversion of the réactants. ’
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When these catalysts are used, the acids concerned can
then be introdiced into the process of the invention under
the reaction coaditions which are already known. Thus,
for example, when concentrated sulphuric acid is used
as alkylation catalyst, the reactions can be carried out
at low temperitures, for example in the range up to about
50° C., whereas when syrupy phosphoric acid, for exam-
ple, is usad as catalyst, the temperature can be higher,
for examplz in the range from 130 to 200° C. Benzene
sulphonic acid and-methane disulphonic acid are exam-
ples of suitable monofunctional or polyfunctional aro-
malic or aliphatic sulphenic acids.

Tnstead of the free acids, however, it is also possible
to use corresponding acidly reacting metal salts, prefer-
ably in the form of solutions or suspensions. Examples
of these are: anhydrous melts or concentrated, and in par-
ticular aqueous, solutions of zing chloride or AlCl. 6H,0.
It is however also possible for the salts'to be introduced
while suspended in agents which are inert with respect
to the reactica components and products,

In one embodiment of the process of the invention,
mixtures of several catalysts are sprayed into the reaction
space. For example, a mixture of phospheric acid and
zinc chloride, with the introduction of hydrochloric acid,
can be used for alkylating aromatic compounds by the
process of the invention. However, other mixtures of
different acid catalysts can be used, depending om re-
quirements and the reaction conditions selected.

Suitable inert reaction aganis for the production of
solutions, suspensions or emulsions are again compounds
with a high boiling point, but which are liquid under
reaction conditions. Here again natural or synthetic.
higher boiling paraffins, silicons oils, high boiling mineral
oils etc. are, €.£., suitable as suspension or emulsion agents,
high boiling nitroparaffins as solvents.

It is also possible for the catalytic efficacy of the
sorayed catalysts to be increased by adding activators.
Particular!y suitable as activators are additives which have
a large surface, and/or metal salis. Finely divided metal
powder, such as copper powder, or metal salts such as
zine phosphate can be used for example in order to
activate phosphoric acid. The acid catalyst used in the
process of the invention can be a Friedel-Crafts catalyst;
for example- anhydrous aluminum chloride, anhydrous
zinc chloride or ferric chloride. The Friedel-Crafts cata-
lysts are then sprayed into the reaction vessel, preferably
in the form of a solution or suspension. High-boiling
nitroparaffins or paraffins are for example suitable as
solvents or dispersing agents. When this procedure is
used, reaction conditions, such-as temperatures of for
example —10° to about 100° C. and atmospheric or
superatmospheric pressure, can be used.

When alcohols are used s alkylation agents in the
process of the invention, it is preferred to use aliphatic
alcohols: especially suitable are aliphatic alcohols with
1-5 carbon atoms, such as methanol, ethanol, propancl-1,
propanol-2, butanol-1, butanol-2, isobutanol, pentanols
and isopentanols. When ethers are used as alkylation

s

_agents, the ethers of aliphatic alcohols with 1-5 carbon

atoms are likewisc preferred. When alkyl halides are
used as alkylation agents, it is preferred to use chlorides
of saturated hydrocarbons, especially hydrocarbons with
1-5 carbon atoms. Suitable in this case are alkyl halides
which carry one or more halogen atoms, especially chlo-
rine, on the alkyl chain. Compounds such as methyl
chloride, ethyl chloride, propyl chloride, isopropyl chlo-
ride, methylene chioride and ethvlene chloride can be
used. When olefines are used as alkylation agents in the
process of the invention, it is more advantageous to use
the lower - olefinic unsaturated hydrocarbons, especially
those with 1-6 carbon atoms.' Suitable in this case arc
straight-chained olefines such as ethylenc, propylene and
butenz. or cyclic unsaturated hydrocarbons, for example
cyclohexene, or branched unsaturated hydrocarbons.
The process of the invention is generally applicable to
compounds baving aromatic rings. It is pacticularly ad-
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vantageous for the alkylation of aromatic compounds
with 2 single aromatic ring system, such as benzene and
its alkyl-substituted homolozues, for example toluene and
ethyl benzene, aromatic amines and phenols.

As already mentioned, for the produoction of low-
alkylated products, and more especially for the introduc-
tion of enly one alkyl substituent by the process of the

invention, it is possible to use more hishly alkylated:

aromatic compounds which are iniroduced into the reac-
tion mixtare together with the compounds to be reacted.
The catalysts particularly suitable for this reaction are
those of the type of the anhydrous Friedel-Crafts cata-
Lysts. ;

The course of the substitution reactions on the arc-
matic nuclei can be controlled to a large extent by the
choice of the reaction conditions. If it is desired to ob-
tain predominantly mono-alkylated products, or products
containing. only a few alkyl substituents, it is for example
advisable to use an excess of the aromatic compounds
in the reaction mixture. The excess of aromatic com-
pounds can in this case amount to one or more times
the quantities- of aromatic substances which .are thoreii-
cally mecessary, and preferably at least 3-3 times the
theoretical guantity of the aromatic compounds are gen-
erally employed. :

It is however also possible for the course of the alkyla-
tion reactions to be infuenced in other ways. For ex-
ample, in order to produce low-alkylated products, it is
possible for more highly alkylated compounds to be
added 1o the reaction mixture from the outset. In this
way, the equilibrivm in the reaction is infinenced in
favour of the low-alkylated compounds so that a higher
yield of the required products car thus be produced.

This procedure is particularly valuable when the more
highly alkylated compounds caa be placed in the reaction
vessel and then sprayed. If the volatility of the miore
highly alkylated compaunds is small enough to prevent
these compounds from evaporating at the reaction tem-
perature, a small quantity of these compounds can simply
be sprayed in the reaction vessel together wilh the cata-
Iyst liquid. It is however also posibite for the undesired
products, for example more highly alkylated producis, to
be separated outside the reaction vessel and for these
products to be returned dircctly to the vessel This
separation can be carried out in a particularly advanta-
geous manner by partial condensation of the evaporated
reaction products, '

It bas already been stated that the process of the inven-
tion can in principle be used in the known processes for
the production of alkylated aromatic compounds in the
presence of acid catalysts. In this embodiment of the
process of the invention it is again possible to differen-
tiate two groups according to the volatility of the reac-
tion products under the reaction conditions. To the first
group belong those reactions, in which the reaction prod-
ucts voluntarily leave the reaction vessel, whereas in the
second group the reaction products are removed from the
reaction vessel together with portions of the sprayed
liquid,

With the procedure in which the reaction products
leave the reaction vessel, of their own accord, it is par-
ticularly suitable to vse starting materials which lead to
products having comparatively low boiling points.

Examples of such aromatic compounds are benzene,
toluene, ethyl benzene, aniline, N-alkyl anilines, tolui-
dines, N-alkyl toluidines, phenol ete.

The. same applics as regards the choice of the alkyla-
tion agent. Particularly suitable for this preferred pro-
cedure are lower aliphatic alcohols, the corresponding
lower ethers, lowsr olefines, especially those with 1-6
carbon atoms and lower alkyl halides.

The lower limit of the temperature range used in the
process of the invention is defined by tbe condition that
the temperature must be suflicient for starting the reac-
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tion, while the upper limit is fixed by the need to avoid
undesired secomdary reactions such as decomposition re-
actions etc. Within these limits, the temperaturg can ke
varied almost as desired. For the embodiment in which
the process is to be carried out continuously in a particu-
larly economic manner and in which the reaction prod-
ucts leave the reaction vessal of their own accord, an
additional condifion is that the temperature in the reac-
tion vessel should be higher than the actual baeiling point
of the products being formed under the conditions of the
reaction.

For carrying out the process of the invention, thers-
fore, the temperatures chosen are adapted to the catalyst
teing used. As already siated, these temperatures can
fluctuate within a very wide rangs, bul it js advantageous
to work at temperatures between —16° and 300° C. The
ranre from 130-200° C. is especially preferred. for high
temperature alkylation, while the range from —10* w0
50° C. is preferred for low temperature alkylation.

The pressures to be used for the procass of the inven-
tion are variable within any desired limits, provided only
that the fundamental conditions are mainizincd, namely,
that the catalyst liguid can be sprayed. It is accordingly
possible to work at normal pressure, sub-atmoespheric
pressure or superatmosphcric pressure, -In pariicular,
pressures lower than 50 atm,, preferably in the renge
from 2-20 atm., are suitable as the preferred pressure
range when using high pressures in the process of ths
invention, ’

Under certain conditions, here too the use of subar-
mospheric pressure may be necessary, namely if the boil-
ing poirt of the reaction products under the reaction con-
ditions is pot much above the temperature of the sprayed
Eguid. In this case it is possible to lower the bolling
point of the reaction products by the use of the subai-
maospheric pressure sufficiently to make them leave the
reaction vessel of their own accord. This in turn per-
miis a particularly simple and coniinuous form of carry-
ing out the process of the invention,

The following exemples further iilustrate the inventlon.

Example 1

Preheated ethanol is passed at a speed of 1 litre per
hour into a reaction vessel in accordance with the inven-
tion, in which phosphoric acid is sprayed in circulation
at 215-240° C. After a single passage through the spray-
ing zone, ethylene is formed with a vield of 30—40%.

Example 2

In a spraying apparatus in accordance with the inven-
tion, with a spraying height of 23 cm., syrupy phosphoric
acid is sprayed at 125 to 130° C. Pure cyclohexanol
with a content of abont 7% water is conducted through
the spraying zone at a speed of 1 litre per hour. After
leaving the spraying zene, more than 0% of cyclohexene

" has been formed. -

Example 3

3200 cc. of 85% phosphoric acid are sprayed at 270~
300° C. in the apparatus referred to in Example 2. An
aqueous 50% solution of cyclohexylamine is introduced at
a speed of 1 litre per bour into the lower part of the spray-
ing zone which is formed. Cyclohexene can be sep-
arated from the condensed reaction products in an amount

Example 4

Using the apparatus and the conditions set out in Ex-
ample 1, a 10% aqueous cyclohexylamine solution is
introduced into the lower part of the spraying zone.
After passage thereof through the spraying zone, ths yicld
of cyclohexene is at least 80-85%.

Example §

4000 g. of 98% sulphuric acid are sprayed in an ap-
paratus in accordance with the invention at 165° C. An
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excess oE benzene is introduced into the spraymg zone at g
speed of 2 litres per hour.. After 9 hours, unreacted ben-
zene is removed again quanmanvely Benzene sulphonic

acid has been formed in the reaclmn vessel with a yield -

of more than 90%.
- Erample 6

Syriipy phosphoric acid is sprayed at a temperature of
160° C. in a spraying apparatus in accordance with the
invention with a spraying height of 23 cm. Preheated
acetone is introduced at a velocity of 2 litres per hour
into the lower part of the spraying zone and. the con-
densate collected at the top shows that the acetone has
been almost completely converted into products with a
higher boiling point.

Example 7

Substantially 60% caustic soda solution is sprayed at
150° C. in the apparatus of Example 6. Acetone is
passed into the reaction chamber at a speed of 1 litre per
hour. In this case also, analysis of the boiling points
of the reaction preducts after leaving the spraying zome
show that higher boiling products have been formed ‘sub-
stantially quantitatively but that these products have a
lower boiling range than those obtained by acid con-
densation. -

Example 8

A mixture of 2,600 cc. of paraffih oil and 260 g. of
benzene sulphonic acid is sprayed at a temperature of
about 160° C. in a spraying apparates in accordance
with the invention and having a spraying hsight of 21
cm. Preheated acetone is conducted .into the lower part
of the sprayizg zone at a speed of 0.8 litre per hour.
The condensate. collected after travelling through the
spraying chamber consists of more than 90% of higher
beiling condensation products of ‘acetone.

Example 9

In a spraying apparatus in accordance with the inven-.

tion, a mixturs of 3 litres of cyclohexanone, 3 litres of
glacial acetic acid and 1.8 g. of manganese-(1I}-nitrate
is heated to 80-%0° C. and sprayed in circulation. Wiih
the subsequent passage of oxygen, about 140 litres of
pure oxygen per hour are taker up by the reaction mixture
with formation of adipic acid, The reaction is con-
tinued untit adipic acid starts to crystaflize. The yield
of adipic acid s almost quantitative, based on the quantity
of oxygen takcn up.
Example 10

In a spraying apparatus according to the invention,
syrupy phosphoric acid is heated to 140° and thereafter
sprayed in the reaction vessel by moving the rotor at
1000 r.p.m. The quantity of phosphoric acid is such that
it is just sufficient for forming a uniform spraying zone,
for which purpose 7 litres are required with the apparatus
being used. The height of the spraying zone is 20 cm.
A niixiure of 50% acetic acid and 90% alcohol in a ratio

“of 1 mol of acetic acid to 1.5 mols of alcohol is then
continuously supplied to the bottom of the reaction ves-
sel at a speed of 2 litres per hour after having travelled
through a preheater device. The reaction miXture re-
moved at the top after passing through the spraying zone
contains the acetiv ester with a vield of about $0%, cal-
cufated on the acetic acid introduced.

Example 11

In a spraying apparatus according to the invention with
a spraying height of 23 cm., 2500 cc, of an ‘agueous
zinc chloride melt with a content of about 70% zinc chio-
ride are sprayed at 135°. About 100 cc. of 15% HCl
per hour are now continuously added dropwise. Si-
multancously, 400 cc. of substantially 70% acetic acid and
80 litres of a pas mixture consisting of 40% by volume
of propylene and 60% by volume of propanc are hourly
imroduced into the appa.ratus The vapours are con-
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densed after travelling through the spraying zome and
the formed acetic acid propyl ester, as well as a small
quantity of diisopropyl ether, are separated from the
agueeous phase and distilled. Over a reaction period of
about 10 hours, it is possible to obtain approximately 530
cc. of crude acetic acid propyl ester.

Example 12

3 litres of 85% phosphoric acid are sprayed at 125°
C. in a spraying apparatus as in Example 11, A mixture
of 10% aqueous acetic acid and the corresponding mo-
lecular quantities of alcokol is continuously conducted

. through the spraying zone at a speed of 214 litres per
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5 passed through the spraying zone.

hour, The reaction mixture extracted at the top after
travelling through the spraying zome contain acetic acid
ethyl ester with a yield of at least 70%.

Example 13

3000 ce. of 85% phosphoric acid are heated to 180-
180° C. ana sprayed. As described, a 40% methanol

sohition of benzoic acid are contmuously introduced into -

the lower part of the spraying zone at a.rate of 1 liter
per- hour, * After distlling off the non-reacted water
containing alcohol the reaction product consists to more
than 80% of methyl benzoate,

Example 14

3000 cc. of 85% phosphoric acid are beated to about
150° C. in the spraying apparatus according to the in-
vention with a spraying hcxgh: of 21 cm. and sprayed in
circulation. A mixture of acetic acid and diisopropyl-
ether in a molar ratio of 1:1 and preheated to about 100°
C, is continuously introduced to the bottom of the re-
action vessel through this spraying zone at a rate of |
litre per hour. The condensed reaction mixture is washed
with water and the non.reacted diisopropylether is dis-
tilled off from the acetic ncid isopropylester formed by
the reaction.

Example 15

Under the conditions of Example 14 a mixture of acetic
acid and ethylcther in a molar ratio of 1:0.5 is passed
through the spraymg zone. The condensed reaction prod-
uct contains acetic acid ethylester in a good yield.

Example 16

A mixture of monochloro-acetic acid and ethyl alcohol
in a molar ratio 1:1 is introduced to the spraying zone
under the conditions of Etample 14, Thus ocbtained
chloroacetic acid ethyl ester is separated from the con-
densation products in uysual manner.

Example 17

Under the conditions of Exaraple 14 a mixture of
propionic acid and ethyl alcohol in a molar ratio 1:1 is
There is obtained
propionic acid ethyl ester in a yield of more than 8§0%.

Example 18

A 25% solution of p-toluic acid in methanol and about
0.3 litre per hour water, which passes through a preheater
with a temperature of about 140° C., arz simultaneously
conducted through the spraying zone under the conditions
of Example 14, The Jower layer of the condensate con-
sists of pure p-toluic acid methylester which after a short
time solidifies to 4 crystalline slurry, melting point 33° C.

Example 19

Phosphoric acid is heated to 240-250° C. and thera-
after sprayed in circulation in areaction device according
to the invention having a spraying height of 14 cm. After
a mixture of benzene and ethylene in the ratio of one part
of ethylene to 10 parts of benzene has passed through a
preheater, this mixture is conducted through this spraying
zone at a speed of 1 litre of benzene per hour and con-
tinuously to the bottom of the reaction vessel. The work-
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ing up of the reaction products shows that considerable
amounts of alkylated benzenes were formed.

Example 20
85% phosphoric acid is heated to 140° and sprayed in
a spraying. apparatus with a spraylng height of 21 cm.
at 1000 r.p.m. A mixture of benzenc and isopropyl al-

cohol in a mol ratio of 1:0.2 is prcheated to about 130° .

and continuously introduced at a spezed of 1.2 litres per
hour into the. lower part of the spraying zone. Afier
‘travelling tbrough the spraying zone, the reaction mixture
is condensed at the top of the apparatus on a reflux con-
denser. From the condensed reaction mixtere, there is
" first of all distilled off the excess of benzene. The re-
maining alkylated products contain about 30% of mono-
isopropyl benzeme, about 40% of diisopropyl benzene,
the remainder being more highly alklated compounds,

Example 21

Under the conditjons and wsing the apparatus as set
out in Example 20, toluene and isopropyl alcohol are
reacted in a2 mol ratio of 1:0.25. Alkylated toluenes are
obtained with a content of about 40% monosubstituted
products, about 36% of disubstituted products and about
30% of more highly substituted products, :

Example 22
AR aqueous melt of zing chloride with a zinc chloride

content of about 70% is sprayed at 150° C. into the
spraying apparatus according to the invention with a spray-

ing height of about 21 cm. Toluene and isopropyl alcokol -

in a mol ratio of 1:0.25 are introduced 2t a delivery rate
. of 1.5 litres per hour into the lower part of the spraying
zone through the sprayed catalyst layer which is formed,
the said Jayer cortaining the catalyst in solution. The
alkylated products isolated from the recondensed reaction
products contain -about’40% of monoisopropyl toluene,
in which p-cymensa is the predominant reaction product.

Example 23

An aqueous melt of AlCl;.6H,0 is sprayed at 130* C.
into the apparatus of Example 22. Toluene and iso-
propanol in a molar ratio of 1:025 is conducted at a
rate of 1.5 litres per hour through the sprayed catalyst
layer which js formed and which contains the catalyst
in solution. The alkylated products separated from the
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condensed reaction product consist of abont 40% of |

monoisopropyl toluene, the p-cymene repressnting again
the predominant reaction product.

Example 24

According to the process described in Example 20 a
mixture of toluene and ethanol in a molar ratio of 1:0.2
and preheated to 160° C. is introduced into sprayed ben-
zene-sulphonic acid which is heated to 150° C. The speed
of introduction in this case is 1.5 litres per hour. The
alkylated products are separated from the reaction prod-
uct after passing through the spraying zome, the conver-
sion amotnting to about 60% based on the ethyl alcohol;
the alkylated products consist of about 75% of mono-
alkylated tolvenes and of about 25% of more highly
alkylated products,

Example 25

Toluene preheated 1o 150° C. is conducted at a speed of
about I litre per hour through sprayed benzens-sulphenic
acid heated to 150° C. At the same time, gascous ethyl-
ene is introduced through the spraying zone at a speed
of about 2 mols per hour. Tke monosubstituted -ethyl
toluene can be separated from the condensed  rcaction
product in ap amount of about 65%.

Example 26

A mixture of teluene and methanol in a mol ratio of
1:0.2 and preheated to 150° C. is supplicd at a delivery
velocity of about 1 litre per hour through a sprayed layer
of benzene-sulpheric acid which Is heated to 169° C. as
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described in Example 20. After gistilling off the unre-
acted toluene, alkylated toluenes can be recovered from
the condensed reaction product with a content of about
30% xylene.
Example 27

Using the method described in Example 20, benzene
and cthyl alcohol admixed in 2 molar ratio of 1:0.25
are sunplied at a flow velocity of 1.5 litres per hour into
sprayed benzene-sulphonic acid heated to 150° C.  After
distilling off the unreacted benzene, the condensed reac-
tion products yield about 65% of monoethyl benzcne
and about 35% of more highly substituted products.

Example 28

In the spraying apparatus according to the invention
with a spraying height of 40 cm. syrupy phosphoric acid
is heated to 240-250° C. and sprayed in circulation. A
mixture of 1 part by weight of aniline with 1.5 parts by
weight of ethanol, after passing through a preheater, is
continuously introduced at a velocity of 10 litres per hour
into the lower part of the spraying zone which is formed.
After having passed twice through the formed spraying
zone, ihe reaction product comtains about 405 of N-
aikylated diethyl aniline and about 60% of products which
are more highly alkylated in the nucleus.

Example 29

In a spraying apparatus with a spraying height of 21
crn. a mixture of 2.2 litres 85% phosphoric acid and 0.8
litre paraffin oil is emulsified and sprayed at 180-1%0" C.
Therevpon a mixture of benzene and isopropyl alcohol in
a molar ratio of 1:0.2 and prcheated to 125° C, is con-
tinuously introduced at a rate of 1 litre per hour. Excess
benzene is distilled off from the condensed reaction mix-
ture. The remaining alkylated products contain about
40% mono-isapropyl benzene, 40% diisopropyl benzene
the residue consisting of higher alkylated compounds.

Example 30

Toluene and isopropyl alcohol are reacted in = molar
ratio of 1:0.2 under the conditions and in the apparatus of
Example 29. There is obtained an alkylated toluene with
a content of approximately 50% mono-subsiituted 30%
di-substituted and 209 higher substituted products,

Example 31

A mixture of 1.5 litres 85% phosphoric acid and 1000
g. NaH,POy, in 1000 cc. water and 1000 cc. paraffin oil
ig heated to 190-200° C. under spraying. Toluene and
isopropyl alcchol in a2 molar ratio of 1:0.2 are conducted
through the formed catalytic spray laver at a rate of 1.2
litres per hour. There is cbtained an zlkylated toluene
containing aporoximately 509 monosubstituted, 2055 di-
substituted and 30% higher substitutéd products. '

Example 32

" In the spraying apparatus according to the invention
a mixiure of 2 litres paraffin oil and 8§20 g. zine chloride
is dissolved in 1 litre water, sprayed and beated to 180~
150° C. . A mixture of toluen= and isopropyl alcohol
preheated to 150° C. is introduced into the lower part of
the spraying zoze at a rate of 1 litre per hour, After sep-
aration from the condensed reaction products the alkylated
products contain approximately 350% monoisopropyl
toluene, the predominant reaction product of which is
p-cymene.
Example 33

After addition of 60 g. finely divided copper and 40 o
finely divided zinc 2.6 litres 85% gphosphoric acid are
sprayed and heated to 160° C. Inth the lower part of the
spraying zonc there is continuously introduced a mixiure
of tolucne and ethyl alcohol at the rate of 1 litre per
hour, said mixture being preheated at 150° C. After pas-
sage throvugh this spraying zone, the alkylated producis
are separated from the reaction product. They consist to

N »
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approximately 60% of mono alkyia;ed toluene and to the
rest of higher alkylated compounds, :

Example 34

A mixture of 1500 cc. di- and higher alkylated toluenes
and 1200 g. anhydrous aluminum chloride are heated to
120-130° C. and sprayed in a spraying apparatus with 2
spraying height of 21 cm. Benzenc is preheated to ap-
~ proximately 100° C. and continuously ‘introduced into
the lower part of the spraying zone at'a rate of 1 litre per
hour. Excess benzene is distilled off from the condensed
reaction products. The residue consists of approximately

50% mono-alkylated, 20% di-alkylated and 30% higher

alkylated benrene. :
Example 35

Into the mixture of Example 34 there is introduced
under the same conditions and.under ‘use of the same -ap-
paratus benzene previously heated to 120° C. at a rate of
1 litre per hour and ethylene at a rate of £0-70 litres per
hour. After distilling off the non-reacted benzene there
is obtained a residue consisting of mono-alkylated and
higher alkylated benzene.

Example 36 )
3000 cc. 85% phosphoric acid are heated to 1%0-200°

i0
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C. and sprayed in a spraying apparatus according to the .

invention with a spraying height of 21 cm. As previously
described, a mixture of benzene and 1-2-¢thylene chloride
in a molar ratio of I:1 is conducted into the lower part

. of the spraying zone at a rate of approximately 0.8 litre
per hour. Excess benzene is distilied off from-the con-
densed reaction mixtore. The residue consists of dibenzyl
and of other alkylated hydrocarbons.

Example 37

In the sprayipg apparatus according to the invention,
3000 co, 96% pxylems conteining 2 g. cobalt naphthenate
in solution are heated to 125-130° C. and sprayed in
circulation. Thereupon pure oxygen is introduced with a
rate of approximately 2 mol per hour and the tem-
perature in the apparatus is s¢ regulated that the water
formed from the oxydation is continvously discharged by
the xylene. The reaction solution is discharged after 5
hours. After cooling, there are obtained 700 g of a
crystalized acid, which consists to approximately 80% of
p-toluic acid and to approximately 20% of terephthalic
acid.

Example 38

Under the conditions enumerated in the preceding ex-
ample, 3000 cc. of a commercial xylene are oxydized.
After a period of 5 hours about 10 mols. water have been
formed by the oxydation. After prolonged standing,
there crystallize from the reaction mixture about 500 g.
of acids which consist predominantly of toluic acids.

Example 39

3000 cc. 85% phasphoric acid are heated to 180-190°
C. and sprayed in a spraying apparatus according to the in-
vention with a spraying Height of 21 cm. As previously
described a 10% soluiion of isopropylether in toluene is
conducted into the Iower part of the spraying zone at a
rate of approximately 1 litre per hour. Excess toluene
is distilled off from the condensed reaction mixture. The
residue consists of alkylated toluenes.

Example 40

A mixture of totuene and metbanol in a molar ratio
of 1:0.2 is preheated to 150° C. and conducted through a
spraying layer of 2.2 litres methan disulphonic acid
(methionic acid} heated to 140° at a rate of approximately
1 litre per hour, as described in Example 8. After
distilling off the non-reacted toluere alkylated toluenes
with a content of approxintately 305 xylene can be re-
covered from the condensed reaction products.
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What I claim is:

1. A process for carrying out chemical reactions in-
volving at least onc gaseous and at least one liquid com-
ponent, which comprises maintaining a sump of a liquid
reaction component, centrifugally forciog said liquid com-
ponent from said sump at high speed as a dispersion spray
into a reaction zone, passing said gaseous reaction com-
ponent into said reaction zone, returning sprayed com-

-ponent into said sump and regulating the liquid volume
.within said sump and the rate of said liguid component

spray so that an appreciable amount of returned liguid
component is continuously and substantially immediately

. fed to said reaction zone by cenirifugal forcing,

2. Process according to claim 1, which comprises main-
taining said sump below said reaction zone in open com-
munication therewith and wherein said sprayed compo-
pent is gravity-returned to said sump.

‘3. Process according to claim 1, wherein -one of said
liquid components is a catalyst, said catalyst being incor-
porated in o liquid which is inert with respect to the otiaer
components, said catalyst being sprayed into the reaction
zone and thereafter passing the gaseous and liquid com-
ponents to be reacted in the presence of said catalyst into
said reaction zone,

4, Process according to claim 3, wherein the boiling
point of the liquid catalyst component under the reaction
conditions is higher thar the reaction temperature, said

" reaction temperature in its turn being higher than the
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boiling point of the reaction products under the reaction
conditions, and which comprises spraying said liquid cat-
alyst into the reaction zone with recycling, introducing the
reaction components into the reaction vessel in the form
of a spray, and removing the reaction products by vapor-
ization beyond the zone of spraying. )
5. A process for the production of ring-alkylated aro-
matic -compounds - involving at least one gaseous and at
least one liquid component, which ¢omprises maintaining
a sump of the liquid reaction cemponent, cenirifugally
forcing a catalyst which is liquid under the reaction con-
ditions as a dispersion spray into a reaction zone so that
the reaction zote is substantially completely filled with a
whirling catalytically effective liquid, said catalyst being
a member selected from the group consisting of phos-
phoric, hydrochloric, aromatic and aliphatic sulfonic

acids, mixtures thereof and acid-reacting metal salts in

equeous liquid form, substantially coatinuously passing
into said reaction zome an aromatic compound together
with an alkylating agent, said aromatic compound being
a member selected from the group consisting of benzene,
toluene and ethyl benzene, at a temperature between
—10° and 300° C. and a pressure below 50 atmospheres,
returning sprayed component into said sump and regulat-
ing the liquid volume within said sump and the rate of
said liquid component spray so that an appreciable
amount of returned liquid component is continruously and
substantially immediately re-fed to said reaction zone.

6. Process according to claim 5, wherein the alkylating
agent is a member selected from the group consisting of
alcohols, ethers, alikyl kalides and olefins.

7. A process for the production of carboxylic acid
esters involving at least one gaseous and at least one liquid
component, which comprises maintaining a sump of the
liquid reaction component, centrifugally forcing a catalyst
which is Jiquid under the reaction conditions as 2 disper-
sion spray into a reaction zoné so that the reaction zone
is substantially completely filled with a whirling catalyti-
cally effective liquid, said catalyst being sclected from the
group comsisting of phosphoric, sulfuric, hydrochloric,
aromatic aliphatic sulfonic, acids, mixturcs thereof and
acid reacting metal salts in dqueous solution, substantial-
1y continuously passing into said reaction zone a meimber
selected from the group consisting of carboxylic acids,
carboxylic acid anhydrides and carboxylic acid esters, to-
gether with an esterifying agent selected from the group
consisting of alcohols, ethers and olefins, returning sprayed
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component into said sump and regulating the liquid vol-
ume within s2id sump and the rate of said liquid com-
ponent spray so that an appreciable amount of returned
liquid component is continuously and substantially im-
medjately re-fed to said reaction zome.
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