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(57) Abrége/Abstract:
The tubular heater comprises numerous tubes, which are disposed Iin a combustion chamber and contain catalyst. A synthesis

gas, which mainly comprises hydrogen, carbon monoxide, and carbon dioxide, Is prepared In the tubes. There Is a risk of a
formation of carbides (metal dusting corrosion) on the outside surface of the outlet ends of the tubes. To prevent such corrosion,
a gaseous or vaporous protecting fluid, which Is substantially free of CO, Is supplied to the region surrounding the outlet ends of

the tubes.
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A3STRACT

The tubular heater comprises numerous tubes,
which are disposed in a comoustion chamber and contain ca-
talyst. A synthesis gas, wnich mainly comprises hydrogen,
carbon monoxide, and carbon dioxide, is prepared in the
tubes. There is a risk of a formation of carbides (metal
gusting corrosion) on tae outside surface of the outlet
ends of the tubes. To prevent such corrosion, a gaseous oOr
vaporous protecting vluid, which is substantially free of
CO, is supplied to the region surrounding the outlat ends

of the tubes.

Bt lie prie e G (8548 e a A AN A 5. 1ot s b g g Dot 0542 didvdod oAl Luddais o] a0 | 8040 L, AT AL LR RS H PRI 12122 12 ST 1 S0 000 St D pd 1! i S I5taiad e i S B F el v i i 8 Tt R e e T et e e ] R eyl T N S e 3 eI R RN s X e Dk o s .. wams bl e s eI 7 e bR AT N HTH N Rt i i bttt i St s b D ety Bl e T Tt T e e e e R TN B M L A v e e e s s m s sy e s e Geatey



2129305

Tubular Hzater for Preparina Carbon Jdonoxide-containing
3ads ilixtures
DeSCRIPTIAN

This itnvention r=2lates to a tubular heater for
3 catalytic crackinag of avdrocarnsons in ovder to prepare a
rav synthasis gas, wihich =2ainly contains hydrogen, carbon
nonoxXice ind carbhon dioxide, unich aeator comprises nume-
rous tuoes, whica ar=2 disnnseg in a combustion chamber and
contain catalvst.

Tupular ne2atars of hat kind 2r2 known and
seyrve, 2.0., for a catalvitic cracking of natural cas to nre-
var2 g synthesis 2as, vinich 1s us2d, 2.a., for the synthesis
of methanol. Pra2ssuras in th2 ranae irom 1 to 70 bars are
usually maintained in the Luvnes, and the raw synthesis qas
1as temneratures veitween 7729 and 1000°C at the outlet end
of the tuves. L nhas oeen found that th2 outl=2t =2nd of the
bub2 1s sunjacted o 4 corroasive action whizh results in

14

the formation of car~ides (n2tal cusbting) and 5y which the
netallic matarial i1s destroved.

[ 15 an ovj2ct Hf tne Inveacion o offaclive-
v protect the tubes at th2ir nutl2t 2ads, which are suscan-

tibla to netal dusting corrosion, and the region adjacent

Lo such outl=2t ands. In a tubular heater which is of the Xind
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described first hereinbefore this 1s accomplished 1in
accordance with the invention 1n that means are provided
for supplying a gaseous or vaporous protecting fluid which
is substantially free of CO to the outside surface of the
outlet ends of at least some of the tubes, which outlet
ends are disposed outside the combustion chamber and flown
through by raw synthesis gas. That protecting fluid
prevents a corrosive action of the CO—containing synthesis
gas in the particularly susceptible region around the
outlet ends of the tunes. In dependence on the CO content

the temperature region in which metal dusting corrosion can

take place is between about 500 and 850°C.

More particularly, the present invention provides
a tubular heater for a catalytic cracking of hydrocarbons
in order to prepare a raw synthesis gas which mainly
contains hydrogen, carbon monoxide and carbon dioxide,
which heater comprises a refractory housing contalning a
combustion chamber and heating means 1n the combustion
chamber, a plurality of tubes being disposed 1in the
combustion chamber, the tubes containing a catalyst, the
catalyst being indirectly heated by the heating means, the

tubes having supply means for supplying hydrocarbons and

steam into the tubes, the tubes having outlet ends
downstream of the catalyst, the outlet ends being disposed
outside the combustion chamber and being flown through by
raw synthesis gas, the outlet ends being connected to a
collecting line for collecting the raw synthesis gas, the
outlet ends having an inside surface provided with a porous

refractory lining, bell-shaped portions of the collecting

line being connected to the outside of at least some of the

outlet ends, each of the bell-shaped portions beilng
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provided with a supply line for supplying a gaseous OoOr
vaporous protecting fluid which 1s substantially free of CO
to the outside surface of the outlet end of the portion and
into the refractory lining.

At least some of the tubes are preferably
provided on the outside of their outlet end with a chamber
for receiving a protecting fluid. That chamber usually
adjoins a refractory lining, which surrounds the outlet end
of the tubes.

The present invention also concerns the method of
producing synthesis gas by the catalytic cracking of
hydrocarbons 1n a tubular heater, which tubular heater
comprises a plurality of tubes passing through a combustion
chamber, wherein the hydrocarbons are supplied to the inlet
of the tubes, the hydrocarbons being converted to synthesis
gas as they pass through the tubes, and exiting the outlet
ends of the tubes, and wherein a fuel 1s burned in the
combustion chamber to heat the gases passing through the
tubes, and wherein the outlet ends of the tubes are
disposed outside the combustion chamber, the improvement
which comprises protecting the outlet ends of the tubes and
the region adjacent thereto from metal dusting corrosion,
by providing a gaseous oOr vaporous protecting fluid, which
1s substantially free of CO, to the outside surface of the
outlet ends of at least some of the tubes.

Details of the design o©of the tubular heater
heater 1in accordance with the invention will be explained
with reference to the drawing, 1in which:

Figure 1 1s a schematic horizontal sectional view

showing a tubular heater and
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Figure 2 1s a longitudinal sectional view which
shows on a larger scale the outlet end of a tube.
A refractory housing 1 contains a combustion

chamber 2, 1n which numerous vertical tubes 3 are heated
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from the outside. Heating is effected Dy a plurality of
burners 4, which are supplied, 2.9., with natural gas. A
mixture which contains hydrocarbons and steam is supplied
through supply lines 5 into the tubes 3 and is reacted 1in

the tubes on the catalyst orovided therein and consisting,
2.a3., of a nickel catalyst. A raw synthesis is thus prepared,
which mainly contains hydroagen, caroon monoxide, and car-

bon dioxide. At temperatures from 790 to 1000°C and opre-

ferably of at least 300°C the synthesis gas flows downwardly

in the tubes and exits throuah Lhe outlet ends 3a into a

~

collecting line 5.

It has bean found that narticularly the out-
side surfaces of the outlet 2nds 3a and their environment
ar2 suscepitible to metal dustinag corrosion, which causes fthe
metal to De destroyed by a formation of carbides. Such car-
yides are formed by tne deconnosition of carbon monoxide Dy

the reaction 2 CO ---> C0O, + C, which is narticularly in-

t
i

tense at temperatures in the range from 500 to 350°C. Tem-
naratures in that rangs usually occur on the outside surface
of the outlet ends Za and in thelr environment.

The collecting line 5 is orovided on its 1n-
side surface with a refractory lining %a, which surrounds
also the outlet ends 3a of the tubes 3. Because the refrac-
tory lining has a certain »orosity, synthesis gas must de ex-
pected to diffuse througn th2 refractory lining and syntheslis

gas at relatively low temperatures reaches the outside sur-
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face of the outlet ends 3a so that the above-mentioned
corrosion takes place.

In order to protect the outlet ends 3a and their
closest environment against the corrosive action resulting
in a formation of carbides, each outlet end is provided
with a supply line 7, through which a gaseous Or vaporous
nrotecting fluid is suppliad from a main line 3. The pro-
tecting fluid may consist, =2.g., of hydrogen, water vapor,
nitrogen or COZ‘

It is apoarent form Figure 2 how the protecting
fluid is conducted through the line 7 into a chamber 9,
which is disposed within a bell-shaped enlarged portion 10
of tne collecting line 5. The enlarged portion 10 is welded
at its top end 10a to the tube 3. The protecting fluid pre-
vents the metal dusting corrosion on the outside surface of
the outlet end 2a and on the inside surface of the enlarged
portion 10.

The refractory lining 6a of the collecting line
5 surrounds the outlat end 3a of the tube 3. The lining ba
consists, 2.g9., of a rammed composition and is slightly
sorous so that the protecting fluid can diffuse out of the
chamber 9 through the lining and is finally discharged 1in
the collecting line 6 together with the synthesis gas.

As is apparent from Figures 1 and 2 the line 7/
which comes from the main line € and conducts protecting
fFluid extends downwardly over a ca2rtain distance in contact

with the outside surface of the associated tube 3 so that
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the hot gas inside the tub=2 3 is used to neat the protect-
ing fluid 1n the line /7 by an indirect heat exchange and
the protecting fluid is at an =2levated temperature as it
enters the chamber 9. That heating of the protecting fluid

nrevents thermal stresses adjacant to the outlet end 3a.
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WHAT IS CLAIMED IS:

1. A tubular heater for a catalytic cracking of
hydrocarbons i1n order to prepare a raw synthesis gas which
mainly contains hydrogen, carbon monoxide and carbon
dioxide, which heater comprises a refractory housing
contalning a combustion chamber and heating means 1in said
combustion chamber, a plurality of tubes being disposed in
said combustion chamber, said tubes containing a catalyst,
said catalyst being indirectly heated by said heating
means, said tubes having supply means for supplying
hydrocarbons and steam into said tubes, said tubes having
outlet ends downstream of said catalyst, said outlet ends
being disposed outside said combustion chamber and being
flown through by raw synthesis gas, said outlet ends being
connected to a collecting line for collecting said raw
synthesis gas, said outlet ends having an 1inside surface
provided with a porous refractory 1lining, bell-shaped
portions of the collecting line being connected to the
outside of at least some of said outlet ends, each of said
bell-shaped portions being provided with a supply line for
supplyling a gaseous oOr vaporous protecting flﬁid which 1is

substantially free of CO to the outside surface of the

outlet end of said portion and into the refractory lining.

2 . A tubular heater according to claim 1,
wherein at least some of the tubes are equipped with a
chamber on the outside of their outlet ends for receiving

sald protecting fluid.

3. A tubular heater according to claim 1 or 2,

further characterized 1in that said protecting fluid 1is
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supplied to each of said at least some of the tubes through
a line which extends over and along a portion of each,
through which said synthesis gas passes and which 1is 1in

prhysical contact with the outside surface of said tube.

4 . In the method of producing synthesis gas by
the catalytic cracking of hydrocarbons in a tubular heater,
which tubular heater comprises a plurality of tubes passing
through a combustion chamber, wherein the hydrocarbons' are
supplied to the inlet of said tubes, said hydrocarbons
being converted to synthesis gas as they pass through said
tubes, and exiting the outlet ends of said tubes, and
wherein a fuel is burned in said combustion chamber to heat
the gases passing through said tubes, and wherein the
outlet ends of said tubes are disposed outside said
combustion  chamber, the improvement which  comprises
protecting said outlet ends of said tubes and the region
adjacent thereto from metal dusting corrosion, by providing
a gaseous Or vaporous protecting fluid, which 18

substantially free of CO, to the outside surface of said

outlet ends of at least some of said tubes.

5. The met hod of claim 4, wherein said
protecting fluid is selected from the group consisting of

hydrogen, water vapor, nitrogen and COs.

6. The method of claim 5, wherein said

hydrocarbons are natural gas.
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