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This invention relates to a catalytic furnace. It more
parileularly relates to a catalytic furnace for carrying out
catalytic reactions such as catalytic gas reactions,

Catalytic pas reactions are generally predominanily
exothermic and large quantities of heat are often evolved.

Some catalytic reactionz are, however, endothermic in 2

nature and it is necessary to supply heat during the course
of the reaction, Reaction vessels have beon developed
for these types of exolhermic und endothermic catalytic
gas resctions, the design of which has taken into consid-
erafipn  the extensive heat
encouniered.

Thus, for example, for large scale catalytic hvdrogena-
tion of carbor monoxide for the production of hydro-
carbons, which is a highly cxothermic process, several

types of furnaces have becn designed and have come inta

use, Where the hydrogenation is effected at atmospharia
pressure, a lamellar or ribbed heat-exchanze furnace is
generally used. The catalyst spaca of this furnace is
transversed by a number of hoerizéntal cooling tubes.
Metul plates arg verticully attached to these cooling tubes
it flxed spacing and extend throughout the cntire furnace.
The catalyst is fllled between these pilates. Taor the cata-
Ivtic carbon moenoxide hydrogenation, which is effectad at

pressures of about 5-15 atmospheres, furnaces have been
constructed in which the catalyst is positioned betwesn two -

concentrically arranged tubes. A pumber of these double
tube elements are positioned in a pressure water boiler
in which bniling water flows around the tubes. Furpaces

for catalytic carhon monaxide hydrogenation under pres-

sure are also known, in which cooling tubes are arranged
in wvertical reactors apd the catalyst musy is disposed
between (he tubes, The reaction heat is transferrcd
through the tube walls to the liquid cooling ugent; which in
tura may be cooled putside of renction space.

One object of this invention is a catalyst furnace for
eflceting catalytic gas rcactions, such as catalytic carbon
monoxide hydrogenation in which the reaction vessel may

- be pressurc-resisiant, and in which the cooling or heating

systein may be a completely integral tube system such as ;5

A completely welded tube sysiem.

A further object of this invention is a catalyst furnace
with & vooling or heating system which =ffects an ex-
Iremely uniform copling or heating of the catalyst. These,
and stil further objects, will become apparent from the
following description read in conjunction with the draw-
ings, in which:

Fig. 1 iz a lopgitudinal scction of an embodiment of
a catalyst furnace in accordance with the invention with
hairpin shapad heat-exchange media tubes; )

Fig. 2a is a longitudinal section of the upper portion
of the furpace shown in Fig. 1 in a plane 90° to the plane
of the section of Fig. 1;

Fig. 25 is a cross-section of the furnacs shown in Fig. 1,
the upper half of the cross-section being helow the col-
lecting pipus and the lower half of the cross-section being
ahove the collecting pipes;
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Fig. 3a shows a crass-saction of a collecting pipe accord-
ing to the invertion with the tubes welded therelo;

Fig. 35 shows a longitudinal section of u collecting
pipe with the tubes welded (hercto;

Fig. 3c shows a bottom view of iwo colleeting pipes with
a different arrangement of the tubes welded thercto;

Fig, 4 is a longitudinal section of another embodiment
of a furnace in accordance with the invention; and

Fig. § is a longitudinal section of the furnace shown
in Fig, 4 in a plane 90° to the plane of the scction of
Fig, 4,

The catalyst furnace in accordance with the invention
comprises a substantially enclosed reaction vessel which is
preferably pressure-resistant, The vessel has & fluid inlct
and a fluid outlet for the reaction fluid such as the reaction
gases. The finid inlets and the fluid outlets are generully
positicned at opposite end portions of the reaction vessel
so that the reaction gases may pass therethrough. A
multiple numher of substantially parallel tnbe outiel col-
lecting pipes are transversely distributed over a4 cross-
section of the vessel. A multiple number of parallel tube
inlet pines are similarly pasttioned generally in a different
horizontal plane. The two groups of collecting pipes may
be substantially at the same end portion of the reaction
vessel or may be at oppasite end portions. A pumber of
parallel heat-cachange media tube bundles extend through
a portion of the reaction vessel in a longitndinal divection
und are distributed over the cross-section of the portion
throvgh which they cxtend. Each of the tnhe bundles is
copoected at one end o a tube-outlet collecting pipe and
ut the vther cnd to a tube-inlet collecting pipe. Each of
the tube bundles consists of a number, and preferably
three, of substuniislly cqually spaced parallel tubes.
When three tubes are used, they are triangarly positioned
to form an equilateral triangle. When both groups of
collecting pipes are positioned at substantially the samic
end portion of the reaction vessel, the tube bundles and the
individual tnbes therein are hair-pin shaped with a U-bend.
The U-bende of the tubes i each bundle are generally
positioned one inside the other., When the collccring
pipes are pogitionad at opposife end portions of the reac-
tion wessel, the tube bundles and the {ubes arc generally
sirmight, exiending longitudieally through the reaction
vessell - The tubes and tube bundles are preferahiy so
positioned that from the center of the interspaces hetween
the tubes for the catalyst, the tubcs are equidistant and
have the same cooling surface. )

At least one intermediate collector container is posi-
tioned in the reaction wessel and has 2 heatexchange
media inlet for heat-cxchange media from outside of the
reaction vessel.  Conduit means connect this intermediate
collector container to the tube inlet collecting pipes. A
main collector container is also positioned in the reaclion
vessel and has 2 heal-exchaope media ouvtletr positioned
far the passage of heat-exchange medin out of the reaction
vessel.  Conduit means connect this container to the tiba
outlet collecting pipes. Means such as a pump and/or a
conduit may he provided for passing heat-exchange medin
from the heat-exchange media ontlet to the inlet.

The tubes of the tube bundles may be inteprnlly con-
nected to the ecollecting pipes as by oeing welded thereto.
All the connections in the cooling system may be integral
connections, as, for example, by welding,

The new furmace in accordance with the invention
allows a temperatura eontral to be muinluined within the
maost narrow limits and a voilorm temperatore level to be
maintained in all parts of the [urpace. n addition, the
particular acrangement of the tube system allows an excel-
lent control of the high pressures of the heaiing or cooling
media which may he considerahly higher thun thc gas
pressure in the catalvst space surrounding the tubie system:
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For technical and industrial reasons, waicr is generally
used as the cooling media. Boiling water, due to jts
high-heat vaporization offers as a cooling ugent the preat-
st certainty for the removal of the considerable reac-
tion heat produced in many catalytic gas reactions. In
addition, boiling water enables the reaction heat removed
tu be converted into uscful steam in the simplest manner.
When water is vsed us a cooling media the main callec-
tor container may be provided with a conduit for the Te-
1oval of the steam.

In operation, the heat-exchange mediy is passed into
the inlst of the intermediate collector, passes into the
tube inlet collector pipes through the tubes of the heat.
exchange media tube bundlas inta the tubc-oudet col-
lecting pipes to the main collector container and out of
the main collecter contsiner, When the tubes are hair-
pin shaped, the heat-exchunge media passes through one
arm of the tubes around the U-bend and thep {arough
the other arm of the tubgs, The heat-exchange media
may be circilated by pump means or the like from the
media outlet to the media inlet, and, if water is used
as the cooling media, steam may be withdrawn from
the main coilector coulainer.

By usc of & pump any rate of circnlation of the cool-
ing or heating media may be adjusted to correspond to
the particular requirements. At the same time it is
possible to choese the dircction of circulation of the
media through the tubes. By means of a suitable rovers.
ing device in comnection with the pump, the direction of
the circulution of the media within the catalyst furnace
may be changed. The heat or cold removed from the
reaction space itself is not available for other purposes,
such as, for the cooling ar prekeating of gases as working
meditm, or for the generation ol steam.

Tf the two groups of collecting pipes are positioped at
substantially opposite end portions pf the reaction vessel,
such as with the tube-inlet collecting pipes at the boltom
or tube-outlet collecting pipes at the top with the fube
bundles runniug lopgitudinally strajght through the reuc-
tion vessel, the cireulation of the heat-eschange media
may in addition to being pump-cireulated, be cireulzted
by thermo-syphon action. In this embodiment both the
lube-inlet collecting pipes and the intermediate collector
container are positioned below ihe catulyst space.

The intepral, such as welded connectton, between the
tubes of the heat-exchsnge media tube bundlcs is most
pragticaliy so effected when using the haly-pin shaped tube
bunifles 80 as to provide the <ollecting pipes with connce-
tions which are spaced us close as possible and (o which
the tubes are welded. [hus the same space is avuilable
everywhere for the eatalyst mags and the spaciug between
the iwo cooling tubes remains the same at auny puinf. As
meationed, preferabty three trangularly disposed equidis-
tant tubes are used in each tubs bundle and are so con-
nected to the collecting pipes.

Referring to the drawings, the furnace shown jn Fig. 1
consisty of 8 pressure-resistani cylindrical reaction vessel
1 having = conpically tapering bottom and removable
dome-shaped or vault cover 2. A main collector cantainei
3 is positioned within the cylindrical shell of the reaction
vessel and extends through the wall of the vessel on one
side, Below the main collector contaier two parallel in-
termediate collector containers 4 of smaller diameter are
pogitioned in the same rnunner a5 the main collector con-
tainer and extend at one end through the wall of the cylin-
drical shell of the reaction vessel. Below the two inter-
mediate vollector containers 4, fwo rows of collecting
pipes are positioned, an upper row of lube-outlct collect.
ing pipes 5 and a lower row of tube-inlst collecting pipes
f. The pipes in each row arg parallsl and posilioncd
transverse to the axis of the confainer. The pipes will
thus be referrcd to as transversely distribuied over a cross-
section of (he rcaction vesssl. The upper row 5 of the
tube-ontlet collecting pipes is directly connected by con-
duits to the main collector container. Conduity directly
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conneet the lower row of tube-inlet collecting pipes to the
o mtermediate collzctor cantalpers 4.

Heat-exchasge media tube bundles extend through the
catalyst space of the rcaction vessel. These bundles con-
sist of tubes connected at one end to a tube-outlet collect-
ing pipe 5 and at the other end to a tube-inlct collecting
Pipe 6. As shown, the bundles are hair-pin shaped with
U-bends. Each bundle consists in (his case of three
parallel tubes, triangnlarly positioned wilh respect to each
other and agually spaced to form an equilateral friangle.
The U-beads at the bottom of each tube in each bundle
are positinned ope within the other, Heat-exchanpe media
trom the tube-inlet collecting pipes 6 arc pussed downward
through the legs of cach of the tubes, passed around the
U-bend and upward through the other legs of the tubes
into the tube-outlet collecting pipes 5. Heut-cxchange
micdia is withdrawn from the main collector container 3
throogh the heat exchange media ontlet 7, which consists
of a suction nozele. ‘The media is withdrawn by a pumip
which discharges into the media inlet 8 which consists of
a pipe connection, jnto the two intsimediate collcetor con-
fainers 4, from which the heat-exchange wmedis is con-
ducted to the lower row of collecting pipes 6. From the
collecting nipes 6 it ugain enters the hair- pin shaped tubes
14, and after passage through these tubes, passes fo the
upper row of collecting pipes 5. From the collecting pipes
5 it is again passed to the main callector contaiucr 3.
Stcam under pressire may be withdrawn from the main
collector container 3 if waicr is used as the cooling agent.

‘The removal or supply of heat required for the control
of the reaction may also be cffected by means of a heat-
exchunger which is connected to the intake or discharge
hime of the circulating pwop. ‘The heat exchanger may
be utifized for the preduction of celd or heat as required.

‘Lhe hair-pin shaped tubes ©f cuch tube bundle are tri-
angularly positioned, so thut they form an equilateral
trinngle when three tubes in ouc bundle are used, and the
bundics are equally spaced from cach other so that the
entire cross-section of the reaction vessel is substantially
uniformly filled with tubes and the distance from the
center of the fnterspaces bulween the tubes to each tube
is the same and thersfore has the same cooling surface,
The catalyst is positioned in these interspaces.

Tust below the tube bundles hinged sieves 9 are ar-
ranged which support the catalyst mass. These sieves may
be operated by a lever 18 from outside of the reactor.
Below the conieally unrrowing bottom, a removabls hot-
lom 11 is atrached which Lus in its center the fluid ontlet
which consists of a pipe 12 apd through which the reaction
gases, etc. are removed from the reaction vessel, The
reaction gases are passed into the reaction vesse! through
the fluid inlet consisting of the pipe connection 13,

Fig. 2a shows » longitudinal section af the upper por-
tion of the furnace shown in Fig. 1 through a plane 50°
to a plane in Fig. 1. In Fig. 2b, which is a cross-secfion,
the spper half is through the half of the furnace below
the collecting pipes 6 and the lower half is a cross-section
through the furnace above the collecting pipss 5. Oppo
site ends of the hair-pin shaped iubes are conmectsd to
adjacent collecting pipes 5 and 6. Several tube bundles
consisting of the hair-pin shaped tubcs are connected one
next to the other on each two adjacent collecting pipes
3 and 6, depending upen the space aveilabie. In the
s2me inanner, the conduits connecting the main collector
conlainer 3 with the two oullet-vollecting pipes 5, are
always arranged in pairs.

As may clearly be seen from the wpper half of the
cross-section shown in Fig, 28, the tubss are so arrunged
that substantially the same space for ihe catalyst mass
is availuble between them practically cverywhere. This
assures & uniform removal or supply of the heat for the
reaction. Between the outer tubes and the furnace shell
an insulating fayer 15 is provided, which prevents the
catalyst mass from settling between the furnace sheli and
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the outer twbes while simultansously maintaining the
distance of the conling surface.

The joining of the tubes 14 forming the tube bundles
to the colleciing pipes S or 6 may clearly be seen from
Figs. 3u and 35, which show cross and longitudinal sec-
tions of the pipes and the copnection portions of the
tubes. The tubes, as may be seen, are integrally con-
nected by welding and are disposed In the form of an
cquilateral triangle. Fig. 3c shows a different arrange-
ment of tubes with only two tubes forming a bundle.

In Figs. 4 and 5 the embodiment of the furnace in ac-
cordance with the Invention is shown in which the heat-
exchange media tubes are straight and not hair-pin shaped.
In this embodiment all parts are identical except that
the row of tubeinlet collecting pipes 6 and the inter-
mediate collector containers 4 are positioned below the
catalyst space at the lower portion of the reaction vessel.
In this embodiment the recircvlation of the heat-
cxchange media may be effected without the use of the
pump and by natural recirculation, i, ¢., thermo-syphon
action.

With putural recirculetion, as may be effected with
this embodiment, the reflux s effected from the cutlet
7 to the inlet 8 if Leat is to be removed, I. &, in an
exothermic reaction. Reflux i- effected in the reverse
direction if heat is to be supplied as in the case of an
endothermic reaction. In the case of an exothermic
reaction, when using water as the heat-exchange media,
steam may bhe withdrawn by expansion in the collector
container 3. Tn addition, the pecessary quantity of heat
may be removed by connecting a heat exchanger to the
connection between the inlet and outlet 7 and 8. A heat
cxchanger may similarly be used for the production of
cold or heat. .

With rcference to the embodiment in which sach tobe
buadle consists of three hair-pin shaped tubes spaced
apart in the form of an equilateral triangle when it is
stated that (he U-bends of the tobes are pasitioned one
within the other, there is specifically meant thereby that
two of the tubes are suhstantially in a common plane, one
concentrically positioned within the other. The third
tube is 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 Fig. 1.

T claim: :

1. A catalyst furnace comprising a substantially en-
closed reaction vessel having a fluid Inlet and fluid out-
let, a multiple number of substantially parallel tube-out-
Iet collecting pipes sobstantially transverscly distributed.
over a cross-section of said reaction vessel, a multiplc
aumber of substantially parallel tube-inlet collecting
pipcs substantially transversely distributed over the cross-
scction of said reaction vessel, n multiple number of par-
allel heat-exchange media tube bundles extending longi-
tadimally thromgh a portion of said reaction vessel and
distributed over the cross-section of said portion, each
said tube bundle being connected at one end ta a tube-
outlet collecting pipas and at the other end to a fube-
inlet collecting pipe, each said tube bundle comprising
a mumber of substantially equally spaced parallel tubes,
at least one intermediate collectnr container of sub-
stantially greater cross-sectfon than said tmbe-inlet and
tube-outlet collecting pipes positloned in said reaction
vesse]l and having a heat-sxchange media inlet for heat-
exchange media from cutside said reaction wessel, con-
dnit means connecting said tube-inlet collecting pipes to
said intermediate collector contaimer, a main collector
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container of substantially greater cross-section than said
tubc-inlet and tubc-cutlet collecting pipes positionad in
seid reaction vessel and having a heat-cxchange media
outlet positioned for the passage media out of said re-
action veszel, and conduit means connecting said tobe-
outlet colleciing pipes to said main cullector container.

2. A catalyst furnace according to claim i, in which
said reaction vessel {s & pressure-resistant reaction vessel,

3. A catalyst furnace according to claim I, in which
said tubes are integrally connected to said collecting
pipes.

4, A catalyst furnace according to claim 1, in which
said tube-outlet collecting pipes and said tobe-inlet col-
lecting pipes are positioned in snbstantially the same por-
tion of satd vessel and in which sald heat-exchangs media
tube bundles extend downwardly from said tube-infet col-
lecting pipes to a U-bend, and thereafter extend wup-
wardly to said tube-outlet collecting pipes.

5. Catalysi furpace according to claim 4, In which
cach said tube bundle consists of 2 number of, e. g
three, substantially parailel tubes containing U-bends
equally dpaced apart.

6. Catalyst furnace according to claim 5, in which
the U-bends of the tubes of each bundle arc positioned
one within the other.

7. Catalyst furnace accordipg to claim 6, in which
said tube bundles ure su positioned that the space be-
tween any tube is equidistant from the center thereof to
the ndjacent tubes.

8. Catalyst furnace according to claim 7, including
pump raans positioned for passing beat-exchange media
friom said media ontlet to said media inlet.

9. Catalyst furnace according to claim 1, in which
said tube-outlet collecting pipes and said main collector
cantainer are pasitioned in one end portion of said re-
action vessel and said tube<inlet collecting pipss and
said intcrmediate collector container are positioned at
the other end portion of said reaction vesscl, said tubes
being substantially stewight tubcs,

10, Cotalyst furnace accordiog to claim Y%, including
conduil means connecling said heat-exchange media out-
let to seid heat-exchange media inlet.

11, Catalyst [ernace sccording to clabm 1, in which
each said fube buondle consists of three equally spaced
tubes forming & subsiaatially egoilaterul triangle.

12, Catalyst furpace according to claim 11, in which

‘suid tube bundles are so positioned that the intcrspaces

between awy of the lubes is equidistant from the center
thereof {o.the adjacent {obes,

13. Catalyst furnace according to claim 12, in which
said tube bundles are positioned so that the spaces de-
fined beiween the tubes are substantially equal,

14, Catalyst furnace according to claim I, including
means for passing heat-exchange media from said heat-
exchange media outlet to said heat-exchange media in-
let.

15. Catalyst furnace according to elaim 1, in which
said main collector contalner has a steam-rernoval con-
duit.
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