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1

This invention pertains to apparatus for effect- ‘

ing high temperature catalytic reactions in the
vapor phase.

One particular embodiment of the invention
relates to apparatus for effecting high tempera-
ture catalytic reactions in vapor rhase in which
heat for the reaction is supplied by heat transfer
material heated externsally of the reactor.

Conventional pebble heater apparatus provides
a pebble heating chamber positioned above a
reaction chamber with a connecting neck he-
tween the two chambers. Pebbles of - ceramic,
metal, or other refractory materials are heated
by direct contaect with hot combustion gas as
they flow through fhe pebble heater and pass
through the neck inte the reaction chamber
where they give up heat to reactant gases being
passed through the reaction chamber, usually in
countercurrent flow to the pebbles which are
descending by gravity flow therethrough. Con-
siderably higher temperatures are necessarily
maintained in the heater than in the reactor
which frequently makes it undesirable to utilize
pebbles coated, impregnated, or constructed - of
catalytic materials. The catalysts desirable in
a given process frequently will not withstand
the temperatures required in the heater but will
not be unduly deactivated by the temperatures
required in the reactor.

The principal object of this invention is to

provide apparatus of the pebble heater type which
will permit the use of catalytic materials in the
reaction chamber without subjecting them to the
severe temperatures of the pebble heater proper.

Tt is also an object of this invention to provide ¥

desirable fized arrangements of cafalyst in the
reaction chamber which will not interfere mate-
rially with the flow of pebbles therethrough.

A further object of the invention is to provide
o novel and useful means of returning the peb-
bles from the reactor to the heater in a pebble
heater apparatus. :

Other objects of the invention will become
apparent from the accompanying description.

The term “pebble” as used throughout the .

specification denotes any refractory material in
Sowable form and size which can be utilized to
carry hest from one zone to another. Pebbiles
sre conventionaily substantially spherical and

are about 1%’/ ‘to 1’7 in diameter, with the pre-’
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ferred size for high temperature processes being
subject to the means used to lift the pebbles and
other design considerations; e. g., the smaller sizes
are more desirable if a gas lift is used for elevat-
ing the pebbles, whereas the larger sizes are
more desirable if a bucket elevator is chosen.
Pebbles must be of refractory materials which
will withstand temperatures at least as high as
the highest temperature attained in the pebble
heating zone. They may be of ceramic, metal,
or other refractory materials. It is important
that the pebbles be quite dense in order to permit
high gas flow rates without entrainment of peb-
bles in the efluent gases from any of the cham-
bers. Pebbles composed of alumina, beryllia,
“oarborundum,” mullite, periclase, and zirconia
when properly fired serve very well at high tem-~
peratures, some of them withstanding tempera-
tures up to at least 4000° F. It is desirable when
operating in the conversion zone at the higher
temperatures to use the best high temperature
refractories, at least in the hottest areas of the
pebble heating chamber and in the combustion
furnace.

This invention provides apparatus of the peb-
ble heater type in which a catalyst for the de-
sired reaction is fixed in the reaction chamber
in such a manner as not to unduly obstruct the
filow of pebbles therethrough yet to adequately
catalyze the reaction involved. Pekbles which
are heated to high temperatures such as 1500°
to 3500° F. in the pebble heater by direct contact
with combustion gas are permitted to flow
through the reactor by gravity, giving up a con-
siderable amount of heat to the reactant gases
being passed continuously into the reactor. Any
arrangement of fixed catalyst in the reactor cb-
viously raust not prevent cr unduly reduce the
flow of pebbles therethrough.

The particular catalyst to be used and the
form which is most suitable will of course de-
pend upon the type of reaction to be catalyzed.
Catalysts for the many reactions which may be

advantageously performed in pebble heater ap-

paratus are well known and need not be dis-
cussed here. The catalyst may be suspended in

_+he form of verforate metal sheets, such as

screens, from high temperature alloy tubes po-
sitioned in vertical rows across the reactor and
extending therethrough and in communication
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with headers outside of the reactor so that a
cooling fluid, such as steam or the reactants to
be converted, may be circulated through the tubes
in order to maintain their temperature below
the softening point. The screens may be of any
metal which is catalytic and will withstand the
temperature to be maintained in the reactor.
Nickel, iron, cobalt, chromium, molybdenum,
tungsten, uranium, vanadium, copper, gold,
silver, platinum metals, and alloys thereof may
be formed into screens or plated on such to serve
as catalytic materials. It is also feasible to con-
vert the surface of the metal screens into com-
pounds which are catalytic for a given process,
€. g, many of the metals recited may be given
a surface conversion to the metal sulfide for
catalyzing such reactions as the conversion of
hydrocarbons and sulfur containing gases to CSq,
hydrogenation and dehydrogenation of hydro-
carbons, and other reactions catalyzed by metal
sulfides. The metal screens may be suspended
so as to form a series of parallel narrow walled
sbaces approximately the width of the tube di-
ameter or larger, if desired, which spaces may
be desirably filled with catalytic material of the
same or different nature from the screen mate-
rial. Thus a series of nickel screens may be
used to form spaces filled with nickel wool which
may function as a metal catalyst or the mstal
may be surface coated with sulfide, oxide, ete.

“where such compounds are more effective cata-

lysts.

In order to obtain a more complete under-
standing of the invention, reference may be had
to the accompanying drawing in which

Figure 1 is a diagrammatic showing of an ar-
rangement of pebble heater apparatus in accord-
ance with the invention.

Figure 2 is a longitudinal sectional view of a
converter or reaction chamber showing a specific
arrangement of catalyst therein.

Figure 3 is a cross-section of the reaction
chamber shown in Figure 1 ftaken on the line
3—2, showing one arraneement of fixed eatalyst.

Figure 4 is a cross-section of a reaction cham- -

ber similar to that shown in Figures 1 and 3 but
showing a different arrangement of fixed cata-
lyst.

Figure 5 is a longitudinal section of a reaction

chamber similar to that shown in Figures i and &

2 but showing another arrangement of catalyst.

By way of illustration, the invention will be
described further with particular reference to a
process in which low-boiling hydrocarbons are
converted to water gas by reaction with steam.
This type of process is carried out advantageously
at temperatures between about 1500° . and 3000°
P. in the presence of metallic nickel as a catalyst.
Using the apparatus of Figure 1, a suitable mix-

ture of hydrocarbons and steam is introduced ©

into reaction chamber 0 through line {{ where it
is raised to reaction temperature by heat sup-
plied by a stream of hot alumina pebbles 28.
The pebbles entering reactor 10 have just passed
through neck {2 from pebble heater 13 where
they have been heated by direct contact with
combustion gas to a temperagure several hundred
degrees above the reaction temperature required
in chamber (8. Fuel for combustion is supplied
along with the desired amount of air through
line {4 which leads into combustion chamber or
burner {8. Flue gases are removed from heater
{3 through stack 16. i
Returning to the reaction in chamber 19, th
mixture of hydrocarbons and steam rapidly be-
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comes heated by contact with the hot pebbles
therein and also by contact with the nickel
screens suspended thersin as shown in Pigure 2.
The feed gas may be desirably heated by circula-
tion through pipes or tubes {9 which extend
through chamber {8 and support nickel screens
(83 shown in Figure 2) serving as catalyst for
the reaction. Reaction products are taken off
through line {8 controlled by valves {T and 48.

The flow of pebbles through reaction chambsr
{8 and heater 13 is regulated by star valve 2i,
or other feeder device, in line 22 in respcnse to
temperature variations in chamber {9. Feeder
2i allows pebbles to pass from line 22 into gas
lift 23 for elevation to heater 13. The gas used
for elevating pebhles in lift 23 is largely prod-
uct gas drawn from line {8 by blower 25. Prod-
uict gas is also conveniently recycled through line
24 controlled by valve 26 and connecting with
product line 27. Blower 25 is operated in such
manner as will carry %’’ alumina pebbles up Iift
23 to enlarged conduit 28 where the lower ve-
locity of gas fails to suspend the pebbles and
permits them fo drop into return conduit 23
which carries them back to the pebble heater via
stack 8. Product gas passing through lift 23
and conduit 28 is sent vig line §4 through cyclone
separator 32 in which any fines entrained in the
gas are removed before being passed via line 27
controlled by valve 239 to product separation
means 33. Product taken off via line 24 is trans-
ferred to other purification means and/or a por-
tion of it may be recycled to the reaction cham-
ber via line 35 controlled by valve 38 in processes
where this step is advantageous. Also, where de-
sired, product gas may be recirculated via line 37
controlled by valve 38 to the reaction chamber
via line {{. TIn cases where not all of the prod-
uct gas is required to lift the pebbles through f§
28 and in cases where other gases are utilizad
through line 42, any portion of it may be passed
directly to separation means 33 via lines 24 and
27. As just indicated, any non-deleterious gas
may be introduced to the gas lift via line 42 con-
trolled by valve 43, or by mixing product zas
from line {8 with such gas.

The apparatus may be operated at atmos-
pherie, subatmospheric, or superatmospheric
pressures but it is advantageous te maintain the
pressures in the pebble heater and in the reactor
as nearly the same as possible in order to mini-
mize the passage of gas from one chamber to an-
other. Where it is necessary, steam may be in-
troduced through lines 44, 45, and 48 as a block
to movement of gases through conduits 28, {2,
and 22, respectively.

In Figure 2, 5{ is a shell or casing surrcunding
a thick wall of refractory insulating material §2
which encloses a reaction space in which are
positioned several vertical rows of pipes i8.
Catalytic metal screens or perforate metal shests
B8 are suspended over and/or from pipes 9§ form-
ing vertical double rows of screens spaced sufi-
ciently far apart to permit easy flow of pebbles
between the several double rows and likewise
spaced from the reactor wall so as to permit flow
of pebbles through the outermost space thus
provided. The uppermost tubes or pipes should
be positioned sufficiently low to bring them all
within the angle of repose of the vebble bed so
that pebbles will pass down the outermost space
provided. Numeral 54 designates an inlet for re-
actants while 55 designates a product outlet.
A neck 56 provides for admitting pebbles and 57
is a pebble outlet. The relatively narrow space
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between screens may be desirably filled with

catalytic material of the same or of a different -

nature than the screens.

Feurs R shows headers 58 connected with
tubes or pipes i8 for circulation of reactants,
steam, etc., a feature which may be utilized to
protect the tubes from :excessive temperatures.
This view shows one embodiment of the inven-
tion involving a cylindrical type reactor.

wigure 4 shows another embodiment of the
invention in which the catalyst is arranged in
concentric, annular, spaced apart sections each
of which may comprise two concentric, perforate
cylindrical metal sheets spaced relatively close
to each other and having the space between them
filled with a like or different material in readily
permeable form such as metal wool, shavings,
metal oxide gels, and other conventional catalytic
material in particulate form. The sections 1]

are made up of screens cr perforate metal sheets :

53 and are suspended by and fixed in the reactor
on tubes or rods {8 which likewise may carry a
cooling fiuid to protect them from excessive heat.

The longitudinal section shown-in Figure 5

illustrates another modification of the invention 2

in which the reactants enter a multiplicity of
inlets 63 and traverse the reactor through alter-

nate sections of catalyst 52 and hot pebbles in

spaces 63, passing out of the reactor through &
multivlicity of outlets 88.
tend across the reacior as supports for the cata-
1yst sections which may be constituted of the
same materials as the catalyst sections described
in conneection with Figures 2 and 4, i. e, metal

screens or perforate metal sheets 53 and metal 33

wool filling 87. Any particulate catalytic re-
fractory material may be used as a filling in lien
of metal wool.

Tt is of course assumed that the heat-transfer
material of which the pebbles are constituted is
relatively non-catalytic.” While the screens or
perforate metal sheets which form the walls of
the catalyst sections are preferably catalytic to

‘the reaction involved, they alse may be con-
structed of materials selected for their durability

and rvefractory character rather than their
eatalytic effect as are the pebbles.

The invension provides apparatus which is par-
ticularly advantageous in that it permits the use
of catalytic material in the reaction zone of a
pebble heater system without subjecting the cata-
1yst to the severe oxidizing and heat conditions
of the pebble heating zone. Fixed catalysts of the
invention have particularly leng life and require

less frequent regeneration than catalyst material ;

that is passed through the combustion zone of
a pebble heater. Fixed catalyst, whether com-
prised merely of perforate metal sheets and
sereens or filling material between such sheets
and screens, are much less subject to erosion and
mechanical deterioration than moving type cata-
lyst. There is also considerably less wear on the
refractory linings of the apparatus for a given
conversion with fixed catalyst as compared with
moving catalyst or no catalyst at all, thus effect-
ing considerable economy of operation.

The various modifications described provide for
rather flexible operation to meet the varied con-
ditions required in different processes. It will be

understood that certain features and sub-combi- 7

nations may be desirable although not specifically
described. This is contemplated by and is within
he scope of the claims. It is also obvious that

certain changes in details within the scope of

the claims may be made without departing from

Pipes or rods {8 ex- !
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the ‘spirit of this invention. It is therefore to
be understood that our invention is not to be
ynduly or unnecessarily limited to the specific
details described and shown.

We claim:

1. In an apparatus for conducting high tem-
perature catalytic reactions in the vapor phase
by contacting the vapors to be reacted with a
stream of hot pebbles, the combination of an
upper chamber for heating said pebbles; an inlet
in said upper chamber for admitting pebbles; &
fuel line leading to the lower section of said
upper chamber and a flue connecting with the
upper section thereof; a lower chamber for heat-
ing said vapors; an unobstructed conduit form-
ing a neck between said upper and lower cham-
bers for flow of pebbles therebetween; an cutlet
in the lower portion of said lower chamber for
removing pebbles therefrom; means for trans-
ferring pebbles from said pebble outlet to said
pebble inlet in said upper chamber; supply and
discharge means leading to and from said lower
chamber for flow of said vapors thereto ang re-
action products therefrom; and a. plurality of
horizontally spaced-apart, continuous, gas-pervi-
ous catalyst masses fixed in vertical rows in said
lower chamber so as to provide vertically con-
tinuous, unobstructed pebble passageways be-
tween said masses extending the major portion
of the height of said lower chamber and connect-
ing directly with the pebble space in the upper
and lower sections of said lower chamber.

2. The apparatus of claim 1 in which the cata-
1yst is in the form of a pervious flexible sheet
supported on horizontally positioned heat ex-
change tubes spaced in such manner as to per-
mit relatively free flow of pebbles through the
chamber.

3. In an apparatus for conducting high tem-
perature catalytic reactions in the vapor phase
by contacting the vapors to be reacted with a
moving mass of hot pebbles, the combination of
an upper chamber; a pebble inlet and & combus-
tion gas outlet in the upper portion of said upper
chamber: means for introducing fuel gas into
the lower portion of said upper chamber to effect
direct heating of the pebbles therein; a lower
chamber having a pebble outlet at the lower end
thereof; supply and discharge means leading to
and from said lower chamber for flow of said
vapors thereto and reaction products therefrom;
5 conduit of substantially reduced cross-section

forming an unobsfructed throat between said up-~

per and lower chambers, said chambers and
throat enclosing a contiguous column of pebbles
extending from the upper portion of said upper
chamber to the lower portion of said lower cham-~
ber; a plurality of horizontally spaced-apart,
continucus, gas-pervious catalyst masses fixed in
vertical rows in -said lower chamber so as to
provide vertically continuous, unobstructed peb-
ble passageways between said masses extending
the major portion of the height of said lower
chamber and communicating directly with the

5 pebble space in the upper and lower sections of
-said lower chamber; and means for transferring

pebbles from said lower chamber to said upper
chamber. )

4. The apparatus of claim 3 in which the cata-
lyst is in sereen form supported by horizontally
positioned heat exchange tubes and spaced in
such: manner as to permit relatively free flow
of pebbles through the chamber.

5. The apparatus of claim 3 in which the lower
chamber is cylindrical and said catalyst com-
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prises a plurality of annular pervious catalytic
ssctions supported on transverse heat-exchange
tubes, said sections being spaced to permit rela~
tively free flow of pebbles through said chamber.

§. The apparatus of claim 3 in which supply

and discharge means leading to and from the
lower chamber are positioned in the lower and
upper portions, respectively, of said chamber.
_ 7. The apparatus of claim 3 in which supply
and discharge means leading to and from the
lower chamber comprise a plurality of conduits
positioned intermediste the ends of said cham-
ber, said supply means being spaced vertically
along cne wall of said chamber, and said dis-
charge means being spaced vertically along the
opposite wall of said chamber providing for flow
of vapors transversely to the flow of pebbles in
said chamber and through said gas-pervious cat-
alyst. )

8. In an apparatus for conducting high tem-
perature catalytic reactions in the vapor phase
by contaciing the vapors to be reacted with a
moving mass of hot pebbles, the combination of
an upper chamber enclosing a mass of pebbles;
a pebble inlet and a combustion gas outlet in
the upper portion of said upper chamber; means
for introducing fuel gas into the lower portion
of said upper chamber to effect direet heating
of the pebbles therein; a lower chamber enclos-

ing a mass of pebbles and having a pebble outlet

at the lower end therecf; supply and discharge
means leading to and from said lower chamber
for flow of said vapors therefo and reaction prod-
ucts therefrom, a pebble-filled conduit of sub-

stantially reduced cross-section forming a throat $
- between said upper and lower chambesrs, the mass

of pebbles in said upper chamber, in said throat,
and in said lower chamber forming a compact,
contiguous mass; a plurality of gas-pervious con-
tinuous catalyst masses arranged in vertical rows
and uniformly spaced-apart throughout their
extent so as to form pebble passageways travers~
ing said chamber from top to bottom thereof;
means for transferring pebbles from said lower

chamber to said upper chamber comprising a -

pneumatic 1lift; blower means for increasing the
velocity of gas flow through said lift; conduit
means connecting said discharge means in said
lower chamber with said blower means for pas-

sage of reaction products to said 1ift; and means -

for releasing said pebbles from said lift to said
pebble inlet.

2. In an apparatus for conducting high tem-~
perature reactions in the vapror phase by contact-

ing the vapors to be reacted with a moving mass

of hot pebbles, the combination of an upper
chamber having a pebble inlet and a combustion
gas outlet in the upper portion thereof, means
for introducing fuel gas into the lower portion of
said upper chamber to effect direct heating of
the pebbles therein, a lower chamber having a
pebble outlet at the lower end thereof; a plurality
of gas-pervious continuous catalyst masses ar-
ranged in vertical rows and uniformly spaced-
apart throughout their extent so as to provide
continuous pebble passageways traversing the re-
actor from the upper to the lower portion thereof,
supply and discharge means leading to and from
said lower chamber for flow of said vapors thereto
and reaction products therefrom, a conduit of
substantially reduced cross-section forming a
throat between said upper and lower chambers,
a contiguous mass of pebbles extending down-
wardly through said apparatus from the upper
portionh of said upper chamber to the pebble out-
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let in saild lower chamber means for transfer-
ring pebbles from said lower chamber fo said
upper chamber comprising a pneumatic Iift,
blower means for increasing the velocity of gas
flow through said lift, conduit means connecting
said discharge means in said lower chamber with
said blower means for passage of reaction prod-
ucts to said lift, and means for releasing said
pekbles from said lift to said pebble inlet.

10. A process for effecting catalytic conversion.
of hydrocarbons which comprises continuously
heating a contiguocus, refractory mass of heat-
transfer pebbles in an upper enclosed zone to a
temperature above conversion temperature; grav-
itating the heated pebbles through a series of
varallel, vertical passageways between and in con-
tact with vertical rows of gas-pervious catalyst
masses in a conversion zone, passing a vaporous
feed stream comprising principally hydrocarbon
through said conversion zone so as to pass through
said catalyst masses and catalytically convert
the hydrocarbon to more desirable gaseous prod-
uets; and recovering a gaseous product from the
conversion zone.

11. The process of claim 10 in which the feed
is passed through the reaction zone across the
alternate vertical layers of pebbles and catalyst
50 as to effect alternate heat-exchange and cata-
lytic reaction.

12. The process of claim 10 in which the feed
is passed upwardly from the lower portion of the
conversion zone and the product effluent is with-
drawn from the upper portion thereof.

13. The process of claim 10 in which the feed
stream comprises a low boiling hydrocarbon ad-
mixed with steam and the catalyst is a water
gas forming catalyst so as to effect the formation
of water gas by interaction of the hydrocarbon
and steam. :

14. An apparatus for reacting a fuid reactant
in the presence of a2 solid catalyst which com-
prises, in combination a reaction chamber hay-
ing means for introducing a fluid reactant thereto
and means for withdrawing fluid reaction prod-
uets therefrom; inlet means in the upper por-
tion of said chamber for introducing solid, par-
ticulate, heat exchange material thereto; outlet
means in the lower portion of said chamber for
withdrawing said material therefrom; a plurality
of horizontally spaced-apart, continuous, gas-
pervious catalyst masses fixed in vertical rows in
said chamber so as to provide vertically continu-
ous pebkle passageways between said masses, said
passageways being in open, unobstructed com-
munication with the inlet and outlet means for
said heat exchange material; and a contiguous,
compact, fluent mass of solid particulate heat
exchange material extending through said pas-
sageways from said inlet means to said outles
means.

15. An apparatus for reacting a fluid reactant
in the presence of a solid catalyst which com-
prises, in combination a reaction chamber having
means for introducing a fAuid reactant thereto
and means for withdrawing fluid reaction prod-
ucts therefrom; inlet means in the upper portion
of sald chamber for introducing solid, particu-
late, heat exchange material thereto: ouilet
means in the lower portion of said chamber for
withdrawing said material therefrom; and a plu-
rality of horizontally spaced-apart, continuous,
gas-pervious catalyst masses fixed in vertical rows
in said chamber so as to provide vertically con-
tinuous pebble passageways between said masses,
said passageways being in open, unobstructed
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