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This invention relates to a catalytlc furnace.

It more particularly relates to a catalytie furnace for
carrylng out catalytlic remctions asuch as catalytic gas
reactlions,

Catalytic gas reactions are generally predomin-
antly -exothermic and large quentities of heat are often
eveolved. Some catalytlc reactions are, however, endothermic
in nature and it is necessary to supply heat during the
course of the reasction. Reactlon vessels have been developed
for these types of exothermlc and sndothermic catalytic gas
reactions, the design of which has taken into consideration
the extensive heat and pressure problems encountered.

Thus, for example, for large scale catalytic
hydrogenation of carbon monoxide for the production of
hydrocarbons, which 1s a highly exothsrmie-proocess, ssveral
types of furnaces have been designed and have come into use.
Where the hydrogenation is effected at mtmospheric pressurs,
a lamellar or ribbed heat-exchange furnace is generally used.
The catalyst space of this furnace is transversed by & number
of horizontal cooling tubes. Metal plates are vertically
sttached to these cooling tubes at fixed spacing and extend
throughout the entire furnace., The catalyst 1s filked
between these plates. For the catalvtic carbon monoxide
hydrogenation, which is effected at presaures of about
5 « 15 atmospheres, furnaces have been constructed in which
the catalyst 1s positioned between two concentrically arranged
tubes. A number of these double tube elements ars positiloned
in a pressure water boller in which bolling water flows
around the tubes. Furnaces for catalytic carbon monoxide
hydrogenation under pressurs are also known, in which cooling
tubesa are arranged in vertical reasctors and the catalyst mass
is dlaposed between the tubea. The reactlon heat 13 transe
ferred through the tube walls to the liquld cooling agent,

whlch In turn may be cooled outaide of reasction spacs.
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One object of this inventlon is a catalyst furnace
>7 effecting catalytic gas reactions, such as catalytic carbon
monoxide hydrogenation in which the reaction vessel may be
pressure-reslistant, and in which the cooling or heating system
may be a completely integral tube system such as a completely
welded tube system.

A further object of this invention 1s a catalyst
furnace with a cooling or heating system which effects an
extremely uniform cooling or heesting of the c¢atalyst. Thess,
and s8till further objects, will become apparent from the
following description read in conjunction with the drawings,
in which

Figure 1 is a longitudinal section of an embodiment
of a catalyst furnace in accordance with the invention with
halr-pin shaped heat-exchange media tubes:

Figure Z2a i3 a longitudinal section of the upper
portlon of the furnace shown 1n Pigure 1 in a plan390° to the
plans of the section of Filgure 1

Flgure 2 b 1s a cross-section of the furnace shown in
Filgure 1, the upper half of the cross-sectlon belng below the
collecting pipes and the lower half of the cross-section being
sbove the collecting pipes;

Flgure 3a shows a cross-gection of a collecting pips
according to the invention with the tubes welded thereto;

Flgure 3b shows a longituﬁihal section of a collecting
plpse with the tubes welded thereto;

Figure 3c shows a bottom view of two colleeting plpes
with a different arrangement of the tubes welded thereto;

" Figure L is a longitudinal section of another embodi-
ment of a furnace in accordance with the invention; and

Figure 5 1is a longitudinal section of the furnace shown
in Pigure L in a plane 90° to the plane of section of Flgure l.

The catalyst furnace in accordance wiin the invention

comprises a substantlally enclosed reaction vessel which
is preferably pressure-resistent. The vessel has a

-2 -
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fluld inlet and a fluld outlet for the reaction fluid such
as the reactlion gases. The fluld inlets and the fluld
outlets are generally positioned at opposite end portions

of the reaction vessel so that the reaction gases may pass
therethrough. 4 multiple number of substantially parallel
tube outlet collecting plpes are transversely dlatributed
over a crogs-sectlon of the vessel. A multipls number of
parallel tube inlet plpes are similarly positioned generally
in a different horizontal plane. The two groups of collecting
pipes may be aubstantially at the same end portion of the
reaction vessel or may be at opposite end portions. A number
of parallsl heat-exchange media tube bundles extend through
8 portion of the reastion vessel in a longitudinal direction
and are distributed over the crosa~gection of the portion
through which they extend. Each of the tube bundles is
connected at one end to a tube~outlet collecting pipe and

at the other end tola tube-inlet collecting pipe. Each of
the tube bundles conalsts of a number, and preferably three,
of substantlally equally apaced'parallel tubes., When three
tubes are used, they are triangularly positioned to form

an equilateral triangle. When both'groups of collecting
Plpes &re positioned at substantially the same end portion
of the reaction vessel, the tube bundles and the Individual
tubes therein are halr-pin shaped with a U~bend. The U-bends
of the tubes in each bundle are generally positioned one
inside the other. When the collecting pipes are positioned
at opposlite end portions of the reaction vessel, the tube
bundles and the tubes are genefally stralght, extending
longltudinally through the reaction veasel. The tubes and
tube bundles mre preferably so pesitioned that from the
center of the Interspaces between the tubes for the catalyst,

the tubes are equldistant and have the same cooling surface.
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At least one intermedlats collector container is
positloned In the reaction vessel and hes a heat-exchange
medisa Inlet for heat-sxchange media from outside of the
reaction vessel. Condult means connect thls Intermedlate
collector contalner to the tube inlet cﬁllecting plpes. A
main collector container 1s alsc positioned in the reactlon
veszel and hes & heat~exchenge medla outlet posltloned for
the passage of heat-sxzchange media out of the reactlon vessel.
Conduit means connect thls container to the tube outlet
collecting pipes. Means such as a pump and/or a conduilt
mey be provided for passing heat-sxchange media from the
heat-exchangs medla cutlet to the inlet.

The tubes of the tube bundles may be integrally
connected to the collecting pipes as by belng welded thereto.
All the comnsctions in the cooling system may be integral
comnections, as, for example, by welding.

The new furnace in accordance with the invention

allows a temperaturs control to be malntained within the

most narrow limits and a uniform temperature level to be
maintaelined in all parts of the furnace. In addition, the
particular arrangement of the -tube system allows an excel-
lent control of the high pressures of the heatlng or coollng
media which may be conslderably higher than the gas pressure
in the catalyst space surrounding the tube system.

For technical and industrlial reasons, water 1ls
generelly used as the cooling medla. Bolllng water, due to
its high-heat vaporization offers as a coollng agent the
greatest certainty for the removal of the considerable re-
gction heat produced in meny cetdlytic gas reactions. In
addltion, bolling water engbles the reaction heat removed
to be converted intc useful steam in the glmplest manner.
When water 1s used as a cooling media the main collector

container may be provided with a condult for the removal
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of the stean,

In operation, the heat-exchange media 1s passed
into the inlet of the intermediate collector, pasaes into
the tube inlet collsctor pilpes through the tubes of the
heat-exchange media tube bundles into the tube~outlet -
collecting pipes to the maln collector container and out
of the maln collector contalner. When the tubes are hair-
rin shaped, the heat-exchange medis passes through ons arm
of the tubes around the U~bend and then through the other
erm of the tubes. The heat-exchange medla mey be circulated
by pump means or the like from the medla outlet to the media
inlet, and, if water 1s used, as the coolling medis, ateam
may bhe withdrawn from the main collector container,

By use of a pump any rate of circulation of the
cooling or heating medla may be adjusted to correspond to
the particular requirements. At the same time it 1s pos=~
8ible to choose the directlon of sirculation of the medis
through the tubes. By means of a sultable reverasing device
in comnection with the pump, the direction of the circul=- {
atlon of the media within the catalyst furnace may be changed.
The heat or cold removed from the resctlion space itself 1is |
not avallable for other purposes, such aa, for the cooling
or preheatling of gases as working medium or for the gener-
ation of ateam.

If the two groups of collecting pipes are pos-
itloned at gubstantlally opposite end porticns of the reactlon
veseel, 3uch as with the tube-inlet collecting pipes at the
bottom or tube-~cutlet collectlng plpes at the top with the
tube bundles running longitudinally straight through the

reaction vessel, the clrculation of the heat~exchange medla
may in addition to being pump-clrculated, be circulated by
thermo-ayphon action. In thls embodlment both the tube~inlet

collecting plpes and the Intermediate collector contalner are
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positioned below the catalyst space.

The Integral, such as welded connection, between
the tubes of the heat-exchange medls tube bundles is most
practlcally so effected when using the hair-pin shaped tube
bundles so as to provide the collecting plpes with connect-
ions which are apaced as close as possible end to which the
tubes are welded. Thus the ssme space is avellable every-
where for the cetalyst mass and the spacing between the two
cooling tubes remains the same st any point. As mentloned,
three triangularly dlsposed equidistant tubes are used in
each tube bundle and are so connected to the collecting pipes.

Referring to the drawings, the furnace shown in
Fig. 1 consists of a pressure-resistant cylindrical reaction
vesgel 1 having a conleally tapering bottom and a removable
dome-shaped or vault cover 2. A main collector contziner 3
13 positioned wilthln the cylindrical shell of the resction
vossel and extends through the wall of the vessel on one side.
Below the maln collector contelner two parallel intermedlate
collector containers 4 of ameller dlameter mre posltioned 1n
the same manner as the mein collector contalner snd extend
at one end through the wall of the eylindrical ahell of the
reactlion vessel, DBelow the two iInbermediate collector con-
tainers 4, two rows of collecting pipes are positioned, an
upper row of tube-outlet collecting plpes 5 and & lower row
of tube-inlet collecting pipes 6. The pipes in each row ere
parallel and posltloned transverse to the axis of the con-
tainer. The plpes will thus be referred to as transversely
dlstributed over a cross-section of the reaction vessel.

The upper row 5 of the tube-cutlet collecting pipes is
directly comnected by conduits to the main collector container.
Condults dlrectly connect the lower row of tubs-inlet col-

lecting pipes to the two intermedimte collector contalners 4.

-6 -
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Heat-exchange media tube bundles extend through
the catalyst space of the reactlon vessel. These bundles
consigt of tubea connected at one end to a tube-cutlet
collecting plpe 6 and at the other end to a tube~inlet
collecting plpe 6. As shown, the bundles sre halr-piln
shaped with U-bends. Each bundle conslsts of three parsllel
tubesg, triangulsrly positioned with respect to each cther
and equally spaced to form an egqullateral trlangle. The
U~-bends at the botiom of each tube in sach bundle are pos-
itioned one within the other. Heat-sexchange media from the

tube~inlet collecting pipes & ars passed dowmward through

the legs of each of the tubes, passed around the U-bend and
upward through the other legs of the tubes inteo the tube-
outlet collecting plpes 5. Heat-exchange medla 1s wlithdrawn
from the main collector contalner 3 through the hsat-exchange
media outlet 7, which congists of & suctlon nozzle., The media
i3 withdrawn by & pump which discharges into the media inlet
8 which conalstes of a pipe commectlion, into the two Inter-
mediaste collector contalners 4, from which the heat-~sxzchange
medle is conducted to the lower row of collecting plpes 6.
From the collecting pipea & it sgain enters the halr-pin
shaped tubes 14, and after passage through these tubes,
passes to the upper mow of cclleetling plipes 5., From the
collecting pipes 5 1t 1s agein passed to the main collsctor
container &. OSteam under pressure may be withdrawn from
the main collector contalner 3 if water la used as the
coollng agent.

The removal or supply of heat requlired for the
contrel of the reaction may elso be effected by means of =
hegt-exchanger which 1s connected to the lnteke or dlscharge
1line of the circulating pump. The heat-exchanger may be

utilized for the production of cold or heat as reguired.
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The hair-pin shaped tubes of each tube bundle are
triangularly positioned, so that they form an equilateraly
triangle when three tubes in each bundle are used, and the
bundles are equally spaced from each other so that the entire
crosag-section of the reaction vessel is substantially uni-
formly filled with tubes and the distance from the center of
the interspaces between the tubes to each tube i3 the same and

,f%herefore, has the same cooling surface. The cetalyst is
positioned: 1in thess interspaces.

Just below the tube bundles hinged sieves 9 are
arranged which support the catalyst mass. Tiese sieves may
be operated by a lever 10 from outside of the resctor. Below
the coniecally narrowing bottom, a removable bottom 11 is
attached which'has, in its center, the fluid outlet which
consists of a pipe 12 and through which the reaction gases,
otc. are removed fraom the reaction vessel. The reaction gases
are passed into the reaction vessel through the fluid inlet
consisting of the pipe ceonnection 13,

Figure 2a shows a longitudinal section of the upper
portion of the furnace shown in Figure 1 through a plane 90°
to a plane in Figure l. In Figure 2b, which i3 a crosge
gection, the upper half is through the half of the furnace
below the collecting pipes & and the lower nalf is a cross—
section througn the furnace above the collecting pipea 5.
Opposlite ends of the hair-pin shaped tubes are comnected to
adjacent collscting pipes 5 end 6. Several tube bundles con-
gisting of halr-pin shaped tubes are connected one next to the
other on each two adjacent collecting pipes 5 and 6, depending

//upon the space available. In the same manner, the conduits
connecting the main collector container 3 with the twe outlet-
collecting pipes 5, ars always arranged in palrs,.

As may c¢learly be seen from the upper half of the
cross-~section shown in Flgure 2b, the tubes are so arranged

that substantially the same space for the catalyst mass 1s
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-able between them practically everywhere. This ﬁs;u;as‘
. uniform removal or supply of the heat for the reaction.
3etween the outer fubes and the furnace shell an insulasing
layer 15 is provided, which prevents the catalyst mass from
settling between the furnace shell and the outer tubes while
gimultaneously malntaining the distance of the cooling surface.

The joinlng of the tubes lii forming the fube bundles
te the collecting pipes 5 or 6 may clearly be seen from Pigs,.
3a and 3b, which show cross and longlitudinal sections of the
Pipes and the comnection portions of the tubes. The tubes, as
may be seen, are integrally comnected by welding and are dis-
posed in the form of an eguilateral triangle.

Flgure 3c shows a different arrangement of tubes with
only twc; tubes forming s bu.ndle;

In Figures l and 5 the embodiment of the furnace in
accordance with the inventlon is shown in which the heat~exchange
media tubes are straight and not halir-pin shaped. In this
embodiment all parts are identical except that the row of tube-
inlet collecting pives 6 and the intermediate collector zon-
tainers |} are positioned below the catalyst space at the lower
portion of the reactlion vessel, In this embodiment the recircul-
atlon of the heat-exchange media may be effected without the use
of the pump and by natural recirculation, i.e., thermo-gsyphon
action. .

Witnh natural recirculation, as may be effected with
this embodlment, ths refiux is effected from the outlet 7 to the
inlet 8 if heat is to be removed, i.e., in an exothermic
reaction. Reflux’is effected in the reverse direction if
heat 1is to be supplied as in the casé/of an endethermic
reactlion. In the case of an exothermlc reaction, when
using water as the heat-exchange media, steam may be withdrawn
by expansion in the collector container 3. In addition, the
necessary quantity of heat may be removed by connecting a

heat exchanger to the comectlion betwseen the 1inlet and outlet 7
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.4d 8+ A heat exchanger may aimilarly be use¢ tor the
production of cold or heat.

With refersnce to the embodiment in which each
tube bundle conslsts of three-hair-pin shaped tubes spaced
ipart in the form of an equilateral triangle when it 1s stated
that the U-bends of the tubes are positioned one within the
other, there ls specifically meant thereby that two of the
tubss are substantially in a common plane, one concentrically
positioned within the other. The third tube 1s in a different
plane, but if projected on the plane common to the other two
tubes,\would appear between these two in the manner shown in

Figure l.

- 10~



524915
The embodiments of the invention in which en

excluslve property or privilege 13 claimed, are defined as

follows:

1. A catelyst furnace comprising a substantially
enclosed reaction vessel having a fluid inlet and fluid
outlet, a multiple number of substantially parallel tube=~
outlet collecting pipes substantially transversely distri-
buted over a crogs~section of said reaction vessel, =&
maltiple number ;f substantlally parallel tube-inlet
collecting pipes substantially transversely distributed over
the cross-section of sald reaction vessel, a multiple number
of parallel heat-exchange medlia tube bundles extending longi-
tudinally through a portlon of sald reaction vessel and distri-
buted over the cross-section of said portion, each sald tube
bundle being connected at one end to a tube-outlet collecting
pipe and at the other end to a tube~inlet collecting pipse,
each gaid tube bundle comprising a number of substantially
egually spaced parallsel tubes, at least one intermediate
collector container of substantially greater cross-section
than said tube inlet and tube outlet collectling pipes posi-
tioned in said reaction vessel end having a heat-exchange
nedla inlet for heat-exchange media from outside sald reaction
vessel, condult means connecting said tube-inlet collecting
pipes to sgaid intermediate collector contalner, a main col-
lector container of substantlally greater cross-section than
sald tube Inlet and tube outlet collecting plpes positioned

in said reaction vesssel and having a heat-exchange media outlet
positioned flor the passage media out of said feaction vessel,

and condult means comnectling sald tube outlet collecting pipes

to said main collector contalner.
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A catalyst furnace according to claim 1, in which
7 'said reaction vessel is a pressure~resistant reaction weszgel.
‘;3. A catalyat furnace according to claim 1, 1n whaich
said tubes are integrally connected to sald collscting pipss,
LI A catalyst furnace according to claim 1, in which
said tube-outlet collecting pipea and said tube-inlet collect-
ing pipes are positioned in substantlally the same portion of
sald vessel and in which said heet-exchange media tubs bundles
extend downwardly from sald tube inlet collecting plpes to a
U-bend, and thereafter extend upwardly to said tube-outlet
collecting plpes.
S. Catalyst furnace according to claim L, in which
each sald tube bundle consists of three substantially parallel
tubes containing U-bends equally spaced apart to form a sub-
stantlally equilateral triangle.
6. Catalyst furnace according to claim 5, in which the
U-bends of the tubes of sach bundle are positioned ons wilthin
the other.
Te Catalyst furnace according to claim 6, in which said
tube bundles are so positioned that the space betwesn any
tubes 1s equidlstant from the center thereof to the adjacent
tubes.
8. Catalyst furnace according to claim 7, lncluding
punp means positioned for passing heat-exchange media from
sald medla outlet to sald medias inlet.
9. Catalyst furnace according to claim 1, in which said
tube-outlet collecting plpes and sald main collsctor container
are positioned 1n one end portion of said reaction vessel and
g8aid tube-inlet collecting pipes and sald intermediate collector
container are positioned at the other end portion of said

reaction vessel, said tubes being substantlially straight tubes.

[~
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L Catalyst furnace according to claim 9, inciuding
conduit means connecting said heat-exchange medis outlet to
sald heat-exchange media inlet.

11l. Catalyst furnace according to claeim 1, in which

each said tube bundle consists of three egually spaced tubsa
forming a substantially equilateral triangle.

12. Catalyst furnace according to ¢laim 11, in whiech

sald tube bundles are so positioned that the interspsaces
between any of the tubes is equidistant from the center thereof
to the adjacent tubea.

13, Catalyst furnace according to claim 12, in vwhich saild
tube bundles are positioned sc that the spaces defined betwsen
the tubes are asubstantially equal.

14 Catalyst furnace according to claim 1, including
neans for passing heat-exchange medla from saild heat-sxchange
media outlet to said heat-exchange media inlet.

15, Catalyst furnace according to claim 1, In which said

main collector container has a steam~removal conduit.
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