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This application is a continuation-in-part of
my co-pending application Serial No. 253,484,
filed January 30, 1939, now Patent No. 2,403,375,
July 2, 1946. : .

This invention relates “o processes for effecting 6 'tion comprises in & process wherein a fluid reac-
catalyzed reactions and particularly those occur-, tant and a subdivided catalyst are passed through
ing under substantially vapor phase conditions. a reaction zone and the fluid exothermically re-

1t is more specifically concerned with a method acted at a reaction temperature while in contact
of catalyzing vapor phase reactions among or- with the subdivided catalyst in said zone thereby
ganic compounds and particularly hydrocarbons 10 generating exothermic heat of reaction tending-
which involves a considerable departure from to increase the temperature prevailing in said
the methods ordinarily employed in that instead zone, the method of preventing excessive tem-
of passing the vapors of reactants through sta- perature rise in the reaction zone which com-
tionary beds of granular catalytic materials, the prises introducing to said zone, during the
vapors are caused to carry more finely divided 18 exothermic reaction therein, subdivided solid
powdered catalysts so that considerably more catalyst at a temperature substantially below said
catalytic surface is.exposed and the effectiveness reaction temperature and in sufficient amount
of the catalyst is greatly increased. While the to absorb at least a major portion of said
principles of the invention to be presently dis- exothermic heat of reaction. :
closed are more particularly applicable to 20 Tt will be seen from the foregoing general state-
catalyzing vapor phase reactions, they may be ment as to the type of process involved in the
applied with suitable and more or less obvious present invention that it has a wide applicability
modification to mixed phase reactions or liquid and that many types of apparatus can be em-
phase reactions. ployed in commercial practice. The particular

The invention further embodies novel ideas in 28 design of such apparatus will depend upon many
the matter of accurate control of the tempera- factors including the type of reaction, the
tures of catalyzed reaction zones without direct catalyst used, the temperature, pressure, and
heat exchange between said reaction zone ‘and time of contact, which are found optimum for
its surroundings. This is accomplished by using accomplishing best results, the amount of car-
the catalyst as a heat carrier or temporary heat 30 bonaceous materials formed in the course of the
reservoir so that heat flows from reactants to reaction, and various problems involving corro-
catalyst to prevent undesirably high temperatures sion and the use of different types of metals. '
in exothermic reactions. The attached drawing shows diagrammatically

The present process is- more particularly and without regard.to any absolute or relative
directed to catalyzed reactions among hydro- 35 scale an arrangement of apparatus which may be
carbons such as the gaseous and liquid fractions utilized to carry out the steps of the process.
of petroleum and also individual hydrocarbon . Referring to the drawing, line | is shown as
compounds which are in general vaporizable un- an inlet line for vapors or liquid which are to
der ordinary temperatures and pressures with- be reacted in the presence of catalysts, such as,
out material decomposition. Such reactions may 40 for example, preheated vapors of _hydrocarbons
include polymerization reactions in which nor- which are to be hydrogenated. As the vapors or
mally gaseous olefins are converted into normally liquid pass through the fube they receive pow-
liquid compounds, and hydrogenation reactions dered catalyst at a regulated rate from line 2
of all types. These types of reactions are of pri- containing & screw conveyor 13. By adjusting
mary importance in the present stage of the de- 45 the rates of flow of reactants and catalyst and
velopment of the petroleum industry which de- proportioning the amount of catalyst added re-
pends upon them for the more complete utiliza- actions are instigated leading to the formation
tion of an important natural resource. of desired products. After passing through re-

The types of reactions mentioned as those to action zone 2, the products enter a separator 3
which the present process can be applied may use &0 which may be of any suitable type such as a ¢y-
a variety of catalysts. Recognized hydrogenation ‘clone separator which produces g swirling motion
catalysts include metals of the iron group and promoting centrifugal separation of particles or
the oxides of chromium, molybdenum, and tung- it may be in some instances of the electrical pre-
sten. Polymerizing catalysts include a number of cipitator type. In order to reduce the tempera-
mineral acids on granular supports such as, for gs ture of the products to a point below the reaction

example, the so-called solid phosphoric acid
catalysts, and polymerization may also be ef-
fected by natural and artificial silicates.

In one specific embodiment the present inven-
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3
temperature a cooling coil 4 is shown which is
provided to quench the products and stop the re-
actions at, any desired point. A cylinder § in-

tegral with the top of the separator and open at:

the bottom indicates a bafle for directing the in-
let materials downwardly and increasing the efi-
ciency of the separation so that no catalyst par-

‘ticles are carried upwardly with the products

of the reaction which are withdrawn to fraction-
ation or other disposal through line 6. Catalyst
dust indicated at T after settling in the bottom
of the separator passes through line 8 into return
1line {2 from which it is sent back to the reaction
zone as already mentioned. Line {2 may con-
tain a conveying screw 3 mounted on a shaft §1
actuated by a motor 10. In order to prevent car-
bonization of the deposits on the catalyst par-
ticles during their return to the reaction zone, an
additional conveying effect may be had by ad-
mitting hydrogen or an inert gas through line 8
in g steady stream. Reference numeral 4 in-
dicates a cooler for bringing the powdered cat-
alyst back to an optimum temperature and such
a cooler may have inlet line 15 and exit line 16
for the admission and evacuation of cooling
fluids.

The above description of the method of op-
eration of the process is given in very simple
outline with the object of making clear the basic
features of the invention without complicating
the issue by the introduction of a mass of -operat-
ing details which are readily taken care of by
those conversant with these types of operations.
It will be seen from the foregoing description
that the invention refers to the cyclic use of pow-
dered catalyst in organic and particularly hydro-
carbon exothermic reactions wherein the pow-
dered catalyst itself is utilized to maintain a de-
sired average reaction temperature. .

The proportions of catalyst dust and gas are
such that the heat capacity of the dust is sub-
stantial in comparison with that of the gas. The
dust is brought to a temperature substantially
below the desired reaction temperature, the gas

is separately brought to substantially the desired 45

reaction temperature, and the two are then com-
mingled in the desired proportions by means of

"~ an Injector, a screw feed, or any other suitable

device. By employing catalyst in sufficient quan-
tity and at an introduction temperature sub-
stantially below that of the desired reaction tem-
perature the exothermic heat of reaction will be
absorbed without a substantial rise in the tem-
perature of the reaction zohe. The reaction ves-
sel may consist, for example, of a coil or bank
of pipes in series connection or of a single large
vessel, The large heat capacity of the dust acts
as & reservoir, so that the heat of reaction does
not appreciably affect the temperature. When
the catalyst is introduced to the reaction zone at
a temperature below the desired reaction tem-
perature and in -amounts such that the heat

* capacity is large with respect to the heat capac-

ity of the reactants there may be a slight tem-
perature rise through the reaction zone but the
magnitude of this increase can be held to an
insignificant figure. Heat transfer through the
walls of the reaction vessel is therefore not re-
quired. This fact permits the use of large di-
ameter pipes or vessels. The mixture of gas and
catalyst leaving the reaction vessel is separated
by the use of an electro-static precipitator, a cy-
clone, or other suitable means. 'The catalyst is
recycled, suitable arrangements being made to
adjust its heat content. The exit gases are sub-

5

4 .
Jected to whatever other processing is desired.

As an example of the operation of the process
the following is given without any intent of limit-
Ing its proper scope as previously described.

A cracked gasoline may be hydrogenated to
improve its stability and reduce its sulfur con-
tent by mixing 1 mol of vapors of the gasoline
with two mols of a gas mixture consisting of 60%
hydrogen and 40% methane and passing the gas-

10 vapor mixture through a reaction chamber at

substantially atmospheric pressure and a tem-
perature of 400° F. using a liqud hourly space
velocity of 0.35. The reactor volume is 1000 gal-
lons and the ordinary temperature rise without

15 catalyst addition in sufficlent quantity to prevent

it, would be about 600° F, during the passage of
the oil vapors and hydrogen through the reactor.
Using a catalyst concentration of 0.5 Ib./cu. ft.
of reaction space and a catalyst circulation of

20 300 Ib./min. for a 200 bbl./day plant, the plant

may be operated so that the inlet temperature
is 350° F. and the outlet temperature is about
450° P. so that the average is substantially 400°
F. The catalyst employed may consist of re-

25 duced nickel on g kieselguhr support.

I claim as my invention: ‘
1. In a process wherein a fluid reactant and
& subdivided solid catalyst are passed through a

. reaction zone and the fluid exothermically reacted

30 at a reaction temperature while in contact with

the subdivided catalyst in said zone, thereby gen-

- erating exothermic heat of reaction tending to

+ Increase the temperature prevailing in said zZone,

the method of preventing excessive temperature

35 rise in the reaction zone which comprises intro-

ducing to said zone, during the exothermiec reac-
tion therein, subdivided solid catalyst at a tem-
perature substantially below said reaction tem-
perature and in sufficient amount to absorb at

40 least the major portion of said exothermic heat

of reaction.

2. In the catalytic conversion of hydrocar-.
bons wherein a hydrocarbon reactant and g sub-
divided solld catalyst are passed through a re-
action zone and the reactant exothermically re-
acted at a hydrocarbon conversion temperature
while in contact with the catalyst in said zone,
thereby generating exothermic heat of reaction
tending to increase the temperature prevailing in
sald zone, the method of preventing excessive
temperature rise in the reaction zone which com-
prises introducing to sald zone, during the exo-
thermic reaction therein, subdivided solid cata-

55 lyst at a temperature substantially below said

conversion temperature and in sufficient amount
to absorb at least the major portion of said exo-
thermic heat of reaction.

3. In the catalytic conversion of hydrocarbons
wherein a hydiocarbon reactant and a subdivided
solid catalyst are passed through a reaction zone
and the reactant exothermically reacted at a hy-
drocarbon conversion temperature while in con-
tact with the catalyst in said zone, thereby gen-

o5 erating exothermic heat of reaction tending to

increase the temperature prevailing in said zZone,
the method which comprises preheating the hy-
drocarbon reactant being suppled to said zone to
approximately said conversion temperature, and

70 introducing to the reaction zone, simultaneously

with the supply of the preheated reactant there-
to, subdivided solid catalyst at a temperature sub-
stantially below said conversion temperature and
in sufficient amount to absorb at least the major

78 portion of said exothermic heat of reaction,
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_whereby to prevent excessive temperature rise in
othe reaction zone.
£ 4, In g process wherein a gaseous reactant and
Qu subdivided solid catalyst are passed through
83, reaction zone and the gaseous reactant €xo-
—thermically reacted at a reaction temperature
C while in contact with the subdivided catalyst in
. said zone thereby generating exothermic heat of
G reaction tending to increase the temperature pre-
O vailing in said zone, the method of preventing
: excessive temperature rise in the reaction zone
%whlch comprises introducing to said Zone, during
the exothermic reaction therein, subdivided solid
— catalyst at a temperature substantially below said
— reaction temperature and in sufficient amount
o to absorb at least the major portion of said exo-
+— thermic heat of reaction.
< carbons wherein a hydrocarbon reactant and a
subdivided solid polymerization catalyst are
passed through a reaction zone and the reactant
exothermically reacted at a polymerization tem-
perature while in contact with the catalyst in
said zone thereby generating exothermic heat of
reaction tending to increase the temperature pre-

vailing in said zone, the method of preventing

excessive temperature rise in the reaction zone
which comprises introducing to said zone, during
the exothermic reaction therein, subdivided solid
polymerization catalyst at a temperature sub-
stantially below said polymerization temperature
and in sufficient amount to absorb at least the

major portion of said exothermic heat of reac- .

tion.
6. In the catalytic hydrogenation of hydrocar-
bons wherein a hydrocarbon reactant and a sub-

2,428,014

through a reaction zone and the reactant exo-
thermically reacted at a hydrogenation temper-
ature while in contact with the catalyst in said
zone thereby generating exothermic heat of re-
action tending to increase the temperature pre-
vailing in said zone, the method of preventing
excessive temperature rise in the reaction zone
which comprises introducing to said zone, during

" the exothermic reaction therein, subdivided solid

15

5. In the catalytic polymerization of hydro-

divided solid hydrogenation catalyst are passed

hydrogenation catalyst at a temperature sub-
stantially below said hydrogenation temperature
and in suficient amount to absorb at least the
major portion of said exothermic heat of reac-
tion.

LOUIS S. KASSEL.
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