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Corrosion-protected reformer tube with internal heat exchange 

Field of the invention 

15 	The invention relates to a reformer tube for converting hydrocarbon-containing input ma- 

terials, preferably natural gas and light liquid hydrocarbons such as naphtha, into a syn- 

thesis gas product comprising carbon oxides and hydrogen. The reformer tube accord- 

ing to the invention enables internal heat exchange between the input gas and the prod- 

uct gas partially converted into synthesis gas products, thus giving rise to advantages in 

20 	terms of energy consumption during production of synthesis gas and the products of 

value hydrogen and carbon monoxide. The invention further relates to a process for 

producing synthesis gas by steam reforming of hydrocarbon-containing input materials 

using the reformer tube according to the invention, and to a reformer furnace provided 

with the reformer tube. 

25 

Prior art 

Hydrocarbons may be catalytically reacted with steam to afford synthesis gas, i.e. mix- 

tures of hydrogen (H2) and carbon monoxide (CO). As is explained in Ullmann's Ency- 

clopedia of Industrial Chemistry, Sixth Edition, 1998 Electronic Release, keyword "Gas 

30 	Production", this so-called steam reforming is the most commonly employed method of 

producing synthesis gas, which may then be converted into further important commodity 
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chemicals such as methanol or ammonia. While different hydrocarbons, such as for ex-

ample naphtha, liquid gas or refinery gases, may be converted, it is steam reforming of 

methane-containing natural gas that dominates. 

5 Steam reforming of natural gas is highly endothermic. It is therefore performed in a re-

former furnace in which numerous catalyst-containing reformer tubes in which the steam 

reforming reaction takes place are arranged in parallel. The outer walls of the reformer 

furnace and its ceiling and floor are faced or lined with a plurality of layers of refractory 

material which withstands temperatures of up to 1200°C. The reformer tubes are usually 

10 fired with burners which are mounted on the top or bottom or on the side walls of the 

reformer furnace and directly heat the interspace between the reformer tubes. Heat 

transfer to the reformer tubes is effected by heat radiation and convective heat transfer 

from the hot flue gases. 

15 After pre-heating by heat exchangers or fired heaters to about 500°C, the hydrocarbon-

steam mixture enters the reformer tubes after end-heating to about 500°C to 800°C and 

is therein converted into carbon monoxide and hydrogen over the reforming catalyst. 

Nickel-based reforming catalysts are widespread. While higher hydrocarbons are fully 

converted into carbon monoxide and hydrogen, in the case of methane partial conver- 

20 sion is typical. The composition of the product gas is determined by the reaction equilib-

rium; the product gas thus comprises not only carbon monoxide and hydrogen but also 

carbon dioxide, unconverted methane and water vapour. For energy optimization or for 

input 	materials 	comprising 	higher hydrocarbons, 	a so-called 	pre-reformer for pre- 

cracking the input material may be employed downstream of the pre-heater. The pre- 

25 cracked input material is then heated to the desired reformer tube entry temperature in a 

further heater. 

The hot synthesis-gas product gas is partially cooled in one or more heat exchangers 

after leaving the reformer furnace. The partially cooled synthesis-gas product gas then 

30 passes through further conditioning steps dependent on the type of the desired product 

or of the downstream process. 
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Steam reforming of natural gas is notable for its high energy requirements. The prior art 

therefore already contains proposals which aim to minimize external energy require-

ments through optimized process design, for example through energy recovery. For in- 

5 stance, Higman demonstrated a so-called HCT reformer tube with internal heat ex-

change at the EUROGAS-90 conference, Trondheim, June 1990, also disclosed at 

http://www.higman.de/gasification/papers/eurogas.pdf  (Retrieved 27.09.2011). This tube 

comprises an outer catalyst-filled and externally heated reformer tube where the input 

gas flows through the catalyst bed from top to bottom. Inside the catalyst bed are two 

10 coiled double-helix heat exchanger tubes, made of a suitable material, through which 

the partially reformed gas flows after leaving the catalyst bed, thus transferring a portion 

of its sensible heat to the steam reforming process taking place over the catalyst. How-

ever a disadvantage here is the higher pressure drop on account of the longer route of 

the gas through the coiled heat exchanger tubes. Furthermore, a type of corrosion eluci- 

15 dated hereinbelow and referred to as "metal dusting" becomes more markedly apparent 

since longer sections of the heat exchanger tubes are subject to the temperature range 

relevant for metal dusting corrosion. 

As is taught in the paper "Metal Dusting Protective Coatings. A Literature Review", A. 

20 Aguero et al., Oxid Met (2011) 76:23-42, metal dusting is a type of corrosive disintegra-

tion of metals and alloys into fine particles. Materials susceptible to this form of corrosive 

attack include in particular iron, nickel, cobalt and alloys thereof. Metal dusting occurs at 

high temperatures of approximately 400 to 800°C and in gas atmospheres comprising in 

particular carbon monoxide (CO) or hydrocarbons. In actual fact below 400°C the ther- 

25 modynamic potential for the metal dusting reaction is high but the reaction rate low. 

Above 800°C the thermodynamic potential for metal dusting is so low that it does not 

occur to any appreciable extent. Metal dusting is therefore often observed in steam re-

forming processes affecting all plant parts, in particular equipment parts in the waste 

heat section, that come into contact with the generated synthesis gas in the recited tem- 

30 perature range. 



WO 2018/007021 
	

PCT/EP2017/025180 

-4 

At high temperatures CO and hydrocarbons have a propensity for dissociating on metal 

and thereby depositing carbon on the metal surface. The carbon is then converted into 

the solid phase and extracts the susceptible metals from their homogeneous solid ma-

trix, thus resulting in pitting and finally in mechanical collapse of the materials. This re- 

5 sults in high maintenance costs and can cause serious safety problems, for example 

through bursting of pressurized conduits and apparatuses and/or through escape of 

toxic carbon monoxide. 

The incidence of metal dusting may be prevented or at least retarded by means of the 

10 following measures: 

15 

a) Altering the operating conditions of the basic process, especially temperature and 

pressure, 

b) Deliberately poisoning the metal surfaces with sulphur compounds, for example, 

c) Altering the alloy composition and/or using corrosion-resistant materials, 

d) Modifying the surface properties by chemical, thermal or mechanical treatment, 

e) Applying a corrosion-inhibiting coating on the alloy surface. 

Measures under a) often fail because the basic process under consideration requires 

20 these very temperatures and pressures. The same is true of measure c), since the proc-

ess conditions of the basic process require a particular selection of materials and hence 

a particular alloy composition. Furthermore, the efficacy of the measures under b) and d) 

is often time-limited. 

25 With regard to measure e), there are usually either diffusion coatings or coverings or 

outer layers employed that are based on the formation of a thin, stable, protective and 

adhering oxide scale layer, based on the elements aluminium, chromium or silicon. The 

most frequently employed in the chemical industry at present at high temperatures for 

protection from oxidation and corrosion are aluminium diffusion coatings. 

30 
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Diffusion coatings are formed when an alloy is coated with a metal or metal mixture at a 

temperature high enough to enable diffusion of the metal or metals into the substrate. 

The result is a metallurgical bond with the substrate material, with the coating then be-

coming an integral part of the substrate material. Disadvantages arising here are the 

5 high production cost and complexity and the limited lifetime of diffusion coatings, as a 

result of volatilization of the protective metal or abrasion, for example. 

Also affording protection from metal dusting corrosion is the fabrication of complete sec-

tions of plant, such as pipelines, for example, from ceramic materials. A disadvantage in 

10 that case, however, is the lower pressure resistance and/or, generally, the reduced 

formability and elasticity as compared with metallic materials. 

Description of the invention 

It is accordingly an object of the present invention to specify a reformer tube having fa- 

15 vourable properties in terms of energy recovery by internal heat exchange while at the 

same time having minimized susceptibility to metal dusting corrosion. 

This object is achieved by a reformer tube having the features of Claim 1. Further em-

bodiments of the invention are apparent from the respective dependent claims. 

20 

Reformer tube according to the invention: 

Reformer tube for converting hydrocarbon-containing input materials, preferably natural 

gas, into a synthesis gas product comprising carbon oxides and hydrogen under steam 

reforming conditions, comprising 

25 (a) an outer, pressurized shell tube, wherein the shell tube is divided into a reaction 

chamber and an exit chamber by means of a separating tray, so that it is possible to set 

a different, preferably lower, pressure in the exit chamber than in the reaction chamber, 

and wherein the reaction chamber is externally heated, 

(b) a dumped bed of a steam-reforming-active solid catalyst arranged in the reaction 

30 chamber, 
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(c) an entry for the input gas stream comprising the input material, arranged in the re-

gion of the reaction chamber, wherein the entry for the input gas stream is in fluid con-

nection with the dumped catalyst bed, 

(d) at least one heat exchanger tube arranged inside the reaction chamber and inside 

5 the dumped catalyst bed, whose entry end is in fluid connection with the dumped cata-

lyst bed and whose exit end is in fluid connection with the exit chamber, wherein the in-

put gas stream after entry into the reaction chamber initially flows through the dumped 

catalyst bed and subsequently flows through the heat exchanger tube in countercurrent, 

and wherein the heat exchanger tube is in a heat exchange relationship with the 

10 dumped catalyst bed and the input gas stream flowing therethrough, 

(e) a collection conduit for the synthesis gas product, which is in fluid connection with 

the exit chamber, characterized in that, in the region of the exit chamber, 

(f) the exit end of the heat exchanger tube is fed through the separating tray and opens 

into an inner tube which is arranged in the interior of the shell tube and is in fluid con- 

15 nection with the collection conduit, so that the synthesis gas product is able to pass from 

the reaction chamber via the exit chamber into the collection conduit, 

(g) the inner tube is equipped with a corrosion protection layer or consists of a corrosion-

resistant material, 

(h) a gas-permeable thermal insulation layer is disposed between the inner wall of the 

20 shell tube and the outer wall of the inner tube. 

The invention also relates to a reformer furnace which is equipped with the reformer 

tube according to the invention, and also to a process for producing synthesis gas by 

catalytic steam reforming of hydrocarbon-containing input materials in the reformer tube 

25 according to the invention. 

Fluid connection between two regions of the reformer tube is to be understood as mean-

ing any type of connection whatsoever which makes it possible that a fluid, for example 

the input gas stream or the synthesis gas product stream, can flow from the one to the 

30 other of the two regions, neglecting any interposed regions or components. 
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Heat exchange relationship refers to the possibility of heat exchange or heat transfer 

between two regions of the reformer tube, wherein all mechanisms of heat exchange or 

heat transfer such as heat conduction, heat radiation or convective heat transport may 

come into effect. 

5 

Steam reforming conditions are to be understood as meaning the process conditions 

known per se to a person skilled in the art, in particular of temperature, pressure and 

residence time, as recited by way of example above and discussed in detail in the rele-

vant literature, and under which at least partial conversion but preferably industrially 

10 relevant conversions of the reactants into synthesis gas products such as CO and hy-

drogen is effected. 

The feature whereby the exit end of the heat exchanger tube opens out into the inner 

tube arranged in the interior of the shell tube should not be interpreted more narrowly to 

15 mean that the tube end of the heat exchanger tube must be introduced into the inner 

tube. Instead, heat exchanger tube and inner tube may also be at a slight distance 

apart. What is essential is that the gas flow emerging from the heat exchanger tube 

flows substantially completely into the inner tube and therefore opens out into that tube. 

20 The invention is based on the finding that the metal dusting corrosion, particularly of the 

pressurized shell tube, can be avoided or at least significantly reduced if, when the hot 

synthesis-gas product is guided out of the reaction chamber, with a temperature within 

the temperature range relevant for metal dusting corrosion, it is passed through an un-

pressurized inner tube which is equipped with a corrosion protection layer or consists of 

25 a corrosion-resistant material. Therefore only a small portion of the reformer tube has to 

be protected - at cost and inconvenience - against metal dusting corrosion, and this por-

tion, moreover, can be replaced relatively easily. Replacing the shell tube, in contrast, 

would be far more costly and inconvenient. 

30 Equipping the exit chamber with an unpressurized, corrosion-protected inner tube inter-

acts advantageously with the arrangement of a gas-permeable thermal insulation layer 
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between the inner wall of the pressurized shell tube and the outer wall of the inner tube. 

The effect of the gas-permeable insulation layer is to allow the static pressure in the exit 

chamber to be transferred to the shell tube, which, however, is protected from metal 

dusting corrosion, since the thermal insulation layer means that the surface temperature 

5 of the inner wall of the shell tube is below the temperature range relevant for metal dust-

ing corrosion, and so contact between the inner wall of the shell tube and the synthesis 

gas product is not critical. 

Furthermore, the corrosion-resistant inner tube protects the gas-permeable thermal in- 

10 sulation layer, disposed between the inner wall of the shell tube and the outer wall of the 

inner tube, from erosion or abrasion by the high gas velocities which come about in the 

exit chamber. Since, by virtue of the desired gas permeability, the insulation layer has a 

fairly loose nature or packing density and, in association therewith, a low mechanical 

stability, an additional protective function of this kind is important. 

15 

Preferred embodiments of the invention 

It is preferable when, in the reformer tube according to the invention, the exit end of the 

heat exchanger tube is equipped on its inside, and the portion fed through the separat-

ing tray on its outside as well, with a corrosion protection layer. In this way, not only the 

20 exit chamber but also the portion of the heat exchanger tube which is in the critical tem-

perature range is protected from metal dusting corrosion. 

It is preferred, furthermore, for the inner tube to be seated on the separating tray, but not 

to be in gastight connection therewith. In this way, pressure compensation and/or pres- 

25 sure transfer can take place through the gas-permeable thermal insulation layer onto the 

inner wall of the shell tube. Contact of the inner wall of the shell tube with the synthesis 

gas product is not critical, since the surface temperature of said wall, owing to the insu-

lation, is below the temperature range relevant for metal dusting corrosion. Since, there-

fore, the inner tube is unpressurized, it may also be produced from less pressure- 

30 resistant materials, such as ceramic materials for example. 
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With particular preference the reformer tube of the invention is equipped with a helically 

coiled heat exchanger tube and there are preferably two heat exchanger tubes present, 

arranged in the form of a double helix in the dumped catalyst bed. This embodiment of 

the reformer tube represents a favourable compromise between cost and complexity of 

5 apparatus and favourable heat transfer properties. 

In one advantageous embodiment of the reformer tube according to the invention, the 

internal diameter of the at least one heat exchanger tube is selected such that, based on 

the normal value of the input gas stream, a target pressure is brought about in the exit 

10 chamber that is smaller than the pressure in the reaction chamber. In this way, the po-

tential for metal dusting corrosion is reduced further, since its equilibrium position and 

reaction rate are influenced by the CO partial pressure and therefore - given a particular 

CO content in the synthesis gas product - by the overall pressure. In this way, further-

more, the pressure desired in the collection conduit is established. 

15 

The invention also comprehends a reformer furnace comprising refractorily lined or re-

fractorily faced walls, a ceiling and a floor and an interior formed thereby, characterized 

in that at least one reformer tube according to Claims 1 to 5 and at least one burner for 

heating the reformer tube are arranged in the interior or in a secondary space in fluid 

20 connection with the interior in respect of the burner flue gases. 

In a particular embodiment of the reformer furnace according to the invention, the at 

least one reformer tube is arranged in the interior in free-hanging or free-standing fash-

ion, wherein the portion of the shell tube comprising the reaction chamber is arranged in 

25 the interior and the portion of the shell tube comprising the exit chamber is at least par-

tially fed through the ceiling or the floor. In free-hanging or free-standing fashion is to be 

understood as meaning in this connection that only the end of the reformer tube com-

prising the exit chamber is in mechanical contact with the ceiling or the floor of the re-

former furnace. 

30 
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This is particularly favourable since in this way thermomechanical stresses between the 

entry for the input gas stream and the exit for the synthesis gas product stream which 

arise on account of the considerable temperature differences in the reformer tubes 

known from the prior art are avoided. In the case of the latter, costly and complex meas- 

5 ures, for example the use of stress compensators (so-called pigtails) or of cables, are 

therefore employed to compensate the stresses occurring and their negative effects, for 

example deformation of the reformer tube. This is no longer necessary for the free-

hanging or free-standing arrangement of the reformer tube. 

10 In a further preferred embodiment of the reformer furnace according to the invention, a 

multiplicity of reformer tubes and burners are arranged in the interior such that the longi-

tudinal axes of the flames generated by the burners are oriented parallel to the longitu-

dinal axes of the reformer tubes. This makes it possible to ensure that a burner achieves 

uniform heating of the reformer tubes arranged around it. Furthermore the parallel flame 

15 axes supply radiated heat to the reformer tubes over a longer distance and local over-

heating of the outsides of the reformer tubes is avoided. 

The invention also comprehends a process for producing synthesis gas by catalytic 

steam reforming of hydrocarbon-containing input materials, preferably natural gas, un- 

20 der steam reforming conditions in the presence of a steam-reforming-active, solid cata-

lyst, comprising the steps of: 

(a) Provision of an input gas stream comprising the input material and addition of re-

forming steam, 

(b) Catalytic conversion of the input material under steam reforming conditions into a 

25 synthesis gas product comprising carbon oxides and hydrogen, 

(c) Discharging and optional workup of the synthesis gas product, 

characterized in that the catalytic conversion in step (b) is effected in a reformer tube 

according to Claims 1 to 5. 

30 In a particular embodiment of the process according to the invention, the pressure in the 

exit chamber is lower than in the reaction chamber and, based on the normal value of 
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hand. In this way, the potential for metal dusting corrosion is reduced further, since its 

equilibrium position and reaction rate are influenced by the CO partial pressure and 

therefore - given a particular CO content in the synthesis gas product - by the overall 

5 pressure. In this way, furthermore, the pressure desired in the collection conduit is es-

tablished. 

Exemplary embodiment 

Developments, advantages and possible applications of the invention are apparent from 

10 the following description of exemplary embodiments and the drawing. All described 

and/or depicted features on their own or in any desired combination form the subject 

matter of the invention, irrespective of the way in which they are combined in the claims 

and the way in which said claims refer back to one another. 

15 Fig. 1, the sole figure, shows a reformer tube according to a preferred embodiment of 

the invention. 

The reformer tube 1 according to the invention depicted in Fig. 1 is divided into the sec- 

20 tions A (reaction chamber), B (exit chamber) and C (collection conduit). 

Via entry conduit 2, desulphurized natural gas together with reforming steam enters the 

reaction chamber A arranged in the upper portion of the shell tube 3. The shell tube 

consists of a nickel-chromium steel, for example of the type G-X45NiCrNbTi3525. The 

25 entry temperature of the input gas is 600°C, the space velocity based on the catalyst 

volume is typically 4000 to 5000 mN3/(m3  h). 

In the present exemplary embodiment the reformer tube is arranged vertically with the 

open tube end of the shell tube 3 in the upper position and is externally heated by 

30 means of burners (not shown in Fig. 1). During operation of the reformer tube the open 
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tube end of the shell tube is sealed with a sealing apparatus 4, for example a flanged lid, 

which may be opened for overhauls and for charging and discharging of the catalyst. 

After entry into the shell tube the natural gas and the reforming steam enter the dumped 

5 catalyst bed 5 which is formed from particles of a solid, nickel-based reforming catalyst. 

The input materials then flow upwards through the catalyst bed as indicated by flow ar-

rows. The dumped catalyst bed is secured in the shell tube by means of the separating 

tray 6. Located between the separating tray and the dumped catalyst bed is a dumped 

bed of inert bodies 7 as a support for the catalyst. 

10 

The endothermic steam reforming reaction takes place over the reforming catalyst. After 

leaving the dumped catalyst bed, the partially converted natural gas which comprises 

not only carbon oxides and hydrogen but also unconverted methane enters an open 

space 8 arranged at the sealed tube end 4 of the shell tube. The partially converted in- 

15 put gas stream subsequently enters the entry end of the coiled heat exchanger tubes 9 

arranged inside the dumped catalyst bed. The gas stream flowing through the heat ex-

changer tubes 9 gives up in countercurrent a portion of its sensible heat to the dumped 

catalyst bed and the input gas stream flowing through said bed. The heat exchanger 

tubes are made of materials having good resistance against metal dusting corrosion, for 

20 example Alloy 601, 602 CA, 617, 690, 692, 693, HR 160, HR 214, copper-containing 

alloys or so-called multilayer materials where the tubes are coated with tin-nickel or 

aluminium-nickel alloys. In addition or alternatively, the exit ends of the heat exchanger 

tubes are provided on their insides, and the portions fed through the separating tray on 

the outsides as well, with a corrosion protection layer. In the present example this is an 

25 aluminium diffusion layer. 

After flowing through the heat exchanger tubes the synthesis gas product stream enters 

the exit chamber B. To this purpose the exit ends of both heat exchanger tubes 9 are 

fed through the separating tray 6 and thus secured. They then open with their exit ends 

30 into the inner tube 10 which provides the connection between the heat exchanger tubes 

9 and the collection conduit 11. The inner tube is likewise fabricated from one of the 
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abovementioned metallic materials of construction and its inner wall and preferably also 

its outer wall are provided with an aluminium diffusion layer as a corrosion protection 

layer. Alternatively it is also possible to use an inner tube made from a ceramic material. 

5 The inner tube 10 is secured in its position between the underside of the separating tray 

6 and the collection conduit 11 by means of fastenings which are not depicted. There is 

no fixed, gastight connection between inner tube and the underside of the separating 

tray; instead, the inner tube is at a distance from the latter or is seated merely end to 

end on the underside of the separating tray. In this way it is possible for compensation 

10 and/or transfer of the static pressure to take place through the gas-permeable thermal 

insulation layer 12 onto the inner wall of the shell tube 3. The contact of the inner wall of 

the shell tube with the resting or only gently flowing synthesis gas product is not critical, 

since the surface temperature of the wall, owing to insulation, is below the temperature 

range that is relevant for metal dusting corrosion. Since, therefore, the inner tube is not 

15 pressurized, it may also be made from less pressure-resistant materials, such as ce-

ramic materials, for example. 

Mounted between the outer wall of the inner tube and the inner wall of the shell tube is a 

gas-permeable insulating material 12. For this purpose it is possible to use fibre-based 

20 insulating materials, 	but also ceramic mouldings with inherent dimensional stability. 

Such mouldings are particularly advantageous because they are particularly easy to 

mount and demount. On account of their dimensional stability, they can easily be in-

serted, during mounting, into the annular space between shell tube and inner tube, with-

out any requirement for special fixing means. 

25 

On the exit side as well, the inner tube 10 is not fixedly or not gastightly connected to the 

collection conduit 11, but is instead merely guided or plugged into said conduit. Besides 

the advantages discussed above, the inner tube can easily be replaced in this way in the 

event of plant overhaul. Furthermore, compressive tensile stresses are avoided, or 

30 which otherwise may occur in the operation of the reformer tube, owing to differences in 

thermal expansion coefficients of the materials used for shell tube and inner tube. 
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The collection conduit 11 is provided on its inside with insulating material 13 and/or a 

corrosion-resistant, for example ceramic, coating 14, which have increased resistance 

towards metal dusting corrosion. The synthesis gas product stream is discharged from 

5 the reformer tube 1 via the collection conduit and is sent for further processing. Depend-

ing on the intended use of the synthesis gas product, this processing may comprise a 

carbon monoxide conversion, a gas scrubbing operation for removal of carbon dioxide, a 

pressure swing adsorption for hydrogen removal, and further processing stages. 

10 Industrial applicability 

The invention proposes a reformer tube enabling internal heat exchange between the 

input gas and the product gas partially converted into synthesis gas products, thus giv-

ing rise to advantages in terms of energy consumption during use of the reformer tube. 

The inventive embodiment of the reformer tube in particular in the region of the exit 

15 chamber makes it possible to effectively counteract metal dusting corrosion. 



WO 2018/007021 	 PCT/EP2017/025180 

- 15 - 

List of reference numerals 

[1]  Reformer tube 

[2]  Entry conduit 

5 [3]  Shell tube 

[4]  Sealing apparatus 

[5]  Dumped catalyst bed 

[6]  Separating tray 

[7]  Dumped bed of inert bodies 

10 [8]  Open space 

[9]  Heat exchanger tubes 

[10]  Inner tube 

[11]  Collection conduit 

[12]  Insulation layer 

15 [13]  Insulation layer 

[14]  Coating 

[A]  Reaction chamber 

20 [B]  Exit chamber 

[C]  Collection conduit 
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Claims: 

1. 	Reformer tube for converting hydrocarbon-containing input materials, preferably 

5 natural gas, into a synthesis gas product comprising carbon oxides and hydrogen under 

steam reforming conditions, comprising 

10 

(a) an outer, pressurized shell tube, wherein the shell tube is divided into a reaction 

chamber and an exit chamber by means of a separating tray, so that it is possible to set 

a different, preferably lower, pressure in the exit chamber than in the reaction chamber, 

and wherein the reaction chamber is externally heated, 

(b) a dumped bed of a steam-reforming-active solid catalyst arranged in the reaction 

chamber, 

(c) an entry for the input gas stream comprising the input material, arranged in the re-

gion of the reaction chamber, wherein the entry for the input gas stream is in fluid con- 

15 nection with the dumped catalyst bed, 

(d) at least one helically coiled heat exchanger tube arranged inside the reaction cham-

ber and inside the dumped catalyst bed, whose entry end is in fluid connection with the 

dumped catalyst bed and whose exit end is in fluid connection with the exit chamber, 

wherein the input gas stream after entry into the reaction chamber initially flows through 

20 

25 

the dumped catalyst bed and subsequently flows through the heat exchanger tube in 

countercurrent, and wherein the heat exchanger tube is in a heat exchange relationship 

with the dumped catalyst bed and the input gas stream flowing therethrough, 

(e) a collection conduit for the synthesis gas product, which is in fluid connection with 

the exit chamber, characterized in that, in the region of the exit chamber, 

(f) the exit end of the heat exchanger tube is fed through the separating tray and opens 

into an inner tube which is arranged in the interior of the shell tube and is in fluid con-

nection with the collection conduit, so that the synthesis gas product is able to pass from 

the reaction chamber via the exit chamber into the collection conduit, 

(g) the inner tube is equipped with a corrosion protection layer or consists of a corrosion- 

30 resistant material, 
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(h) a gas-permeable thermal insulation layer is disposed between the inner wall of the 

shell tube and the outer wall of the inner tube. 

2. Reformer tube according to Claim 1, characterized in that the exit end of the heat 

5 exchanger tube is furnished on its inside, and the portion fed through the separating tray 

on its outside as well, with a corrosion protection layer. 

3. Reformer tube according to Claim 1 or 2, characterized in that the inner tube is 

seated on the separating tray but is not in gastight communication therewith. 

10 

4. Reformer tube according to any of the preceding claims, characterized in that the 

heat exchanger tube is helically coiled and there are preferably two heat exchanger 

tubes present. 

15 5. Reformer tube according to any of the preceding claims, characterized in that the 

internal diameter of the at least one heat exchanger tube is selected such that in the exit 

chamber, relative to the normal value of the input gas stream, a target pressure is estab-

lished which is lower than the pressure in the reaction chamber. 

20 6. Reformer furnace comprising refractorily lined or refractorily faced walls, a ceiling 

and a floor and an interior formed thereby, characterized in that at least one reformer 

tube according to Claims 1 to 5 and at least one burner for heating the reformer tube are 

arranged in the interior or in a secondary space in fluid connection with the interior in 

respect of the burner flue gases. 

25 

7. Reformer furnace according to Claim 6, characterized in that the at least one re- 

former tube is arranged in the interior in hanging or standing fashion, wherein the portion 

of the shell tube comprising the reaction chamber is arranged in the interior and the por-

tion of the shell tube comprising the exit chamber is at least partially fed through the ceil- 

30 ing or the floor. 
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8. 	Reformer furnace according to any of the preceding claims, characterized in that 

a multiplicity of reformer tubes and burners are arranged in the interior, and in that the 

longitudinal axes of the flames generated by the burners are oriented parallel to the lon-

gitudinal axes of the reformer tubes. 

5 

9. 	Process for producing synthesis gas by catalytic steam reforming of hydrocar- 

bon-containing input materials, preferably natural gas, under steam reforming conditions 

in the presence of a steam-reforming-active solid catalyst, comprising the steps of: 

(a) provision of an input gas stream comprising the input material and addition of reform- 

10 ing steam, 

(b) catalytic conversion of the input material under steam reforming conditions into a 

synthesis gas product comprising carbon oxides and hydrogen, 

(c) discharging and optional workup of the synthesis gas product, 

characterized in that the catalytic conversion in step (b) is effected in a reformer tube 

15 according to Claims 1 to 5. 

10. 	Process according to Claim 9, characterized in that the pressure in the exit 

chamber is lower than in the reaction chamber and corresponds, relative to the normal 

value of the input gas stream, to a target pressure specified beforehand. 

20 


