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ABSTRACT OF THE DISCLOSURE

A high-temperature high-pressure reactor vessel, such
as a shift reactor for synthesis gas. A vertical shell is
provided with a first stage catalyst bed therein disposed
above a quench chamber and below a second stage cat-
alyst bed. The gas is conducted downward in series
through the first bed and the quench, upward via a cen-
tral riser tube and then downward through the second
stage bed for exit from the shell.

BACKGROUND OF THE INVENTIdN

Various deficiencies have been recognized with regard
to conventional shift reactors wherein efficiency of op-
eration can be maintained only by substantially increas-
ing cost. For example, one form of conventional shift re-
actor comprises a single vessel in which a first stage cat-
alyst bed is disposed at the top so that the gas flows down-
wardly therethrough, and then downward through a di-
rect quenching zone, and then further downward into a
second stage catalyst bed, thereby requiring that the
quench zone be equipped with apparatus to prevent flow
of the liquid quenching agent into the second stage. In
another conventional type shift reactor the quenching
chamber is separated from the structure of the first and
second stage catalyst beds, thereby requiring external,
high-pressure high-temperature piping to conduct the gas
to and from the quenching chamber. Furthermore in an-
other conventional shift reactor, three separate vessels
are provided, one for each reaction stage and one for
the interstage quenching chamber, thus further increas-
ing the requirements for external high-pressure high-tem-
perature piping. An object of the present invention is to
eliminate the necessity of such external high-pressure
high-temperature piping, and also to eliminate necessity
of expensive equipment necessary to prevent the quench-
ing liquid from enterting the second catalyst bed.

SUMMARY OF THE INVENTION

In accordance with this invention, there is provided a
single reactor vessel suitable for two stages of shift con-
version with an interstage quench therebetween. The re-
actor is disposed vertically with the second stage cata-
lyst bed positioned in the upper portion of the vessel, the
quenching chamber in the lower portion and the first
stage catalyst bed therebetween. Thus, because the quench-
ing chamber is positioned in the lower portion and the
second stage catalyst bed in the upper portion of the ves-
sel, there is no danger that the quench liquid will be able
to enter the second catalyst bed.

More particularly, the vessel is provided centrally with
a gas inlet whereby the gas enters the vessel and then
flows downwardly into the first stage catalyst bed through
a layer of inert material comprising the cover of the first
stage bed. This cover protects the first stage bed from
being upset and promotes uniform distribution of the gas.
A perforated dish-shaped head is provided at the lower
portion of the first stage bed, and is filled with an inert
material through which the gas passes downwardly into
the quenching chamber. The lower portion of the first
stage bed acts as a catalyst support. A quenching liquid
is discharged downwardly in the quenching chamber to-
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ward another layer of inert material which acts as a
wetted surface to promote evaporation of any coalesced
liquid droplets and which covers a perforated, inverted
dish-shaped head through which the vapor-gas mixture
resulting from the quenching of the gas flows into a lower
plenum defined by the lower face of the inverted head,
and the bottom head of the vessel. A drain is provided
in the bottom head of the vessel. A riser tube passes up-
wardly through the vessel, centrally of the quenching
chamber, the first stage catalyst bed, and the second stage
catalyst bed respectively, and is provided with a per-
forated upper end through which the vapor-gas mixture
is discharged into an upper plenum defined by the top
head of the vessel and a cover of inert material for the
second stage catalyst bed. The mixture then flows down-
wardly through the cover and into the second stage bed
which also has a dish-shaped head in its lower portion
filled with an inert material. The riser tube is in sealed
engagement with the dish-shaped head in the second stage
bed. A vapor-gas collection plenum formed by perfo-
rated, screened plating is disposed within such dish-shaped
head and is covered with the inert material for collect-
ing the reacted gas which then flows out of the vessel
through an outlet pipe.

All of the internal piping of the vessel is attached in
a manner which permits unrestrained thermal expansion,
thus precluding mechanical failures due to restrained
thermal expansion, with the result that the apparatus ac-
cording to the invention is a two stage reactor with in-
terstage quenching which operates reliably and efficiently,
and which can be manufactured at a relatively low cost,

BRIEF DESCRIPTION OF THE DRAWING

The accompanying drawing illustrates a preferred em-
bodiment of the invention and shows a vertical section
thereof,

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

A shift reactor according to the invention, as shown in
the drawing, comprises a single vessel 10 having verti-
cally disposed side walls 12, sealed at their upper and
lower ends by top and bottom heads 14 and 16, respec-
tively. The gas (which is to be processed by the shift re-
actor) flows into the vessel through inlet pipe 18 which
communicates with toroidal pipe 20 disposed within in-
let chamber 22 of the vessel at a position pear the lon-
gitudinal and radial center thereof. Toroidal pipe 20 is
perforated at its upper face so that the incoming gas is
directed upwardly within inlet chamber 22, whereupon it
impinges against the surface of baffle 24 which reverses
the flow direction of the gas and causes it to flow down-
wardly in the vessel toward first stage catalyst bed 26.
Bed 26 is provided with cover 28 formed of a gas pervi-
ous inert material which distributes the gas evenly with-
in the first stage catalyst bed as it flows thereto from the
inlet chamber.

Perforated and screened support member 30 is mounted
beneath the first stage bed and is filled with a quantity of
inert material 32 through which the gas flows in its down-
ward path toward quenching chamber 34. A quench liquid
is fed into chamber 34 through an inlet conduit to toroidal
distribution header 36 within chamber 34. Quenching
liquid header 36 has a plurality of downwardly directed
spray nozzles 38, thereby causing the quench liquid to
spray downwardly with the gas toward another layer of
inert material 40 supported on the upper surface of per-
forated and screened dish-shaped head 42. The vapor-gas
mixture which passes through the perforations in dish-
shaped head 42 pass into lower plenum 44 defined by bot-
tom head 16 of the vessel and the lower surface of dish~
shaped head 42. The vapor-gas mixture then reverses its
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flow direction on a curved inner surface of bottom head
16, and then flows upwardly through riser tube 48 dis-
posed axially through quenching chamber 34, first stage
catalyst bed 26, inlet chamber 22, and second stage cata-
lyst bed 50 to upper plenum 52 defined by the inner sur-
face of top head 14 and gas-pervious cover 54 of second
stage bed 50. The upper end of riser tube 48 is perforated
to disperse the vapor-gas mixture as it is emitted from
riser tube 48, whereupon the gas again assumes a down-
ward flow through second stage cover 54, comprising an
inert material, and into second stage bed 50. Baffle 24,
which forms the upper limit of inlet chamber 22, com-
prises an imperforate dish-shaped head forming the bot-
tom limit of the second stage bed, and head 24 is also
filled with inert material 56 which covers vapor collection
plenum 58 formed from perforated sheet material. The
vapor-gas mixture, when it reaches plenum 58, is in a fully
processed condition and is discharged from the vessel
through gas outlet tube 60, coupled through the wall of
the vessel and into plenum 58.

Thus, as disclosed herein, there is provided a two stage
shift reactor having an interstage quench chamber, wherein
there is no danger of passage of quench liquid into the
second stage bed, and wherein the entire process is ac-
complished in a single vessel. During the processing of a
gas, inert material 40, which comprises a ceramic mate-
rial, accelerates the vaporization of the quenching liquid,
and lower plenum 44 provides an increased residence time
prior to the flow of the mixture upwardly through riser
tube 48. Because the riser tube passes centrally through
high-temperature catalyst beds 26 and 50, tube 48 is
maintained in a slightly heated condition to insure final
vaporization of any droplets which become entrained by
the rising vapor-gas mixture. .

All of the internal connections between the tubing, the
chamber elements, and the vessel structure are so designed
to prevent any mechanical failures due to restrained ther-
mal expansion, so that the resultant vessel provides a
highly effective and reliable reactor.

For any system using the reactor of this invention, the
quench must be a reagent involved in the particular re-
action. By way of example, in shift conversion of syn-
thesis gas, cooling the first stage effluent with direct injec-
tion of water acts in two ways to promote higher hydro-
gen production in that adding water pushes the follow-
ing equation to the right and removing heat does likewise.

CO +H0 & CO;+H;+ Q

Similarly, if the reactor were used in multi-stage burning
(oxidation), cool air injection would serve the same dual
purposes.

1t will be understood by those familiar with vessel de-
sign and/or the processes to which they pertain, that wide
deviations may be made from the foregoing specification
without departing from the main theme of invention set
forth in the claims which follow.

I claim:

1. In a reactor for processing a gas through first and
second stage catalyst beds and through an interstage
quenching chamber, an improvement comprising a verti-
cally disposed reactor vessel having a cylindrical side wall
as well as upper and lower heads connected to said side
wall, a gas inlet conduit connected through said side wall
for introducing a gas internally of said vessel, a first stage
catalyst chamber disposed below said gas inlet conduit
and a second stage catalyst chamber disposed above said
gas inlet conduit, an inlet chamber defined between said
first and second stage catalyst chambers and in flow com-
munication with said gas inlet conduit, said first stage
catalyst chamber having a gas-pervious cover at its up-
per portion and a perforated head at its lower portion
whereby a path for gas flow is provided from said inlet
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chamber through said first stage catalyst chamber and
then through said perforated head, a quenching chamber
in said vessel below said perforated head, a quench liquid
inlet conduit connected through said side wall in flow
communication with said quenching chamber for intro-
ducing a quench liquid for combination with said gas to
form a vapor-gas mixture, said quenching chamber hav-
ing a second perforated head in its lower portion, a lower
plenum defined between said second perforated head and
said lower vessel head, said second stage catalyst cham-
ber having a gas-pervious cover spaced from said upper
head of the vessel, an upper plenum defined between said
second stage chamber cover and said upper vessel head,
a riser tube disposed vertically within said vessel and in
flow communication at its respective lower and upper ends
with said lower and upper plena to provide an upward flow
path for said vapor-gas mixture, said second stage catalyst
chamber having an imperforate head defining its lower
limit, a perforated plenum supported above said imper-
forate head and adjacent thereto for collecting said vapor-
gas mixture, and a vapor-gas discharge conduit connected
through said side wall and in flow communication with
said perforated plenum.

2. The reactor as set forth in claim 1, in which said
riser tube is disposed centrally of said vessel and passes
through said first and second stage chambers, whereby said
tube is heated by said chambers and finally vaporizes any
quench liquid droplets entrained in the upward flowing
vapor-gas mixture in said tube.

3. The reactor as set forth in claim 1, in which said
upper and lower heads define curved means at their inner
surfaces for reversing the flow direction of said vapor-gas
mixture.

4. The reactor as set forth in claim 1, in which said first
and second stage gas pervious covers comprise layers of
inert material.

5. The reactor as set forth in claim 4, further compris-
ing liquid spray means disposed within said quenching
chamber and in communication with said quench liquid
inlet conduit for spraying said quench liquid downwardly
in said quenching chamber, and in which a third layer of
inert material is disposed on said second perforated head
within said quenching chamber, said third layer of inert
material comprising a ceramic material for accelerating
vaporization of said quench liquid.

6. The reactor as set forth in claim 4, further compris-
ing a toroidal gas inlet pipe horizontally disposed within
said inlet chamber and in communication with said gas
inlet conduit, said inlet pipe having a plurality of up-
wardly directed openings for introducing said gas within
said inlet chamber.
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