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comprising steps of: (a) optionally passing a process gas of hydrocarbon feedstock through a first reactor with a steam reforming catalyst
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Synthesis Gas Production by Steam Reforming using
Catalyzed Hardware

The present 1invention is directed to the production
of synthesis gas by steam reforming of a hydrocarbon
feedstock in contact with catalyzed hardware.

The term catalyzed hardware is used for a catalyst
system where a layer of catalyst is fixed on a surface of
another material, e.g. metallic surfaces. The other
material serves as the supporting structure giving strength
to the system. This allows to design catalyst shapes which
would not have sufficient mechanical strength in itself.

Synthesis gas 1s produced from hydrocarbons by
steam reforming by the reactions (1)-(3):

C.H, +n H,O - n CO + (n + ;) H, (-AH s < 0) (1)
CO + H,0 & CO, + H, (-AH?QB = 41 kJ/mole) (2)
CH, + HO ® CO + 3 H, (-AHj5q = -206 kJ/mole) (3)

State of the art steam reforming technology makes
use of reforming catalyst i1n the form of pellets of wvarious
sizes and shapes. The catalyst pellets are placed in fixed
bed reactors (reformer tubes). The reforming reaction is
endothermic. In conventional reformers, the necessary heat
for the reaction is supplied from the environment outside
the tubes usually by a combination of radiation and convec-
tion to the outer side of the reformer tube. The heat is
transferred to the inner side of the tube by heat conduc-
tion through the tube wall and is transferred to the gas
phase by convection. Finally, the heat is transferred from
the gas phase to the catalyst pellet by convection. The
catalyst temperature can be more than 100°C lower than the
inner tube wall temperature at the same axial position of

the reformer tube.
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Tt has been found that heat transport is more efficient

when catalyzed hardware 1s used 1n the steam reformlng process.

The heat transport to the catalyst occurs by conduction from the

J—
p—

inner tube wall. This is a much more efficient transport

mechanism than the transport by convection via the gas phase.

——

The result is that the temperatures of the inner tube wall and

the catalyst are almost identical (the difference below 5°C).

Furthermore, the tube thickness can be reduced, see below, which

makes the temperature difference between the inner and outer

side of the reformer tube smaller. It is hence possible to have
both a higher catalyst temperature and a lower tube temperature,

all other conditions belng the same when replacing the

conventional reformer tubes with catalyzed hardware tubes. A low

outer tube wall temperature is desirable since 1t prolongs the

lifetime of the tube. A high catalyst temperature 1s

advantageous since the reaction rate increases with temperature

‘and since the equilibrium of reaction (3) 1s shifted to the

y——

eed.,

right hand side resulting in a better utilisation of the

Pressure drop in the catalyzed reformer tube 1s much lower

than 1n the conventional case for the same tube diameter. This

enables the use of reactor tubes with a smaller diameter and

still maintaining an acceptable pressure drop. Smaller tube

diameter results in an increased tube lifetime, tolerates higher

temperatures and reduces the tube material consumption.

Finally, the catalyst amount is reduced when using

catalyzed hardware reformer tubes compared to the conventional

reformer with a fixed bed of reforming catalyst.

Accordingly, 1n one aspect the present invention resides 1n

a process for the preparation of hydrogen and carbon monoxide

.....
.............
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rich gas by catalytic steam reforming of a hydrocarbon containing

feedstock comprising the step of:
(a) passing a process gas of hydrocarbon feedstock through

a tubular reactor with a steam reforming catalyst

being heated by burning of fuel;
wherein the steam reforming catalyst i1s adhered to
a metalllic support having substantially the same shape

as the wall of the reactor and beling arranged 1in heat

conduction relationship with the reactor wall.

In another aspect, the present invention resides in a

process for the preparation of hydrogen and carbon monoxide rich

gas by catalytic steam reforming of a hydrocarbon containing

feedstock comprising the steps of:

(a) passing a hydrocarbon feedstock through a first

reactor with the steam reforming catalyst heated by a

hot gas stream, forming a partly converted hydrocarbon

feedstock;

wherein the steam reforming catalyst is adhered

to a metallic support having substantially the same
shape as the wall of the reactor and being arranged 1in
heat conduction relationship with the reactor wall;
and

(b) passing the partly converted hydrocarbon feedstock
through a tubular reactor with a steam reforming

catalyst 1n the form of pellets being heated by

fuel.

' 1}

burning o:

In another aspect, the present 1nvention provides a process

for the preparation of a hydrogen and carbon monoxide rich gas

by catalytic steam reforming of a hydrocarbon containing

feedstock comprising the step of:

P

(a) passing a process gas of a hydrocarbon feedstock

through a tubular reactor with a steam reforming

catalyst being heated by burning of fuel,

— T N T 4 3 R e R T B T oG O A T T T T N R R I a7 T s N DR M T o R T TSR TN Qe TR B o T ; : . T T TR TR, T v XK T WY O Wy o e AP
: :




B L s B

CA 02340698 2004-03-19

2b

wherein the steam reforming catalyst 1s supported

on a metallic sheet having the same shape as a wall of

pl—

the reactor and being arranged 1n direct heat

conduction relationship with the i1nner tube wall of

the tubular reactor.

In another aspect, the present 1lnvention provides a process

for the preparation of a hydrogen and carbon monoxide rich gas

by catalytic steam reforming of a hydrocarbon containing

-

feedstock comprising the steps of:

(a) passing a hydrocarbon feedstock through a first

reactor with a steam reforming catalyst heated by a

hot gas stream, forming a partly converted hydrocarbon

feedstock,

wherein the steam reforming catalyst 1s supported
on a metallic sheet having the same shape as a wall of
the reactor and being arranged in direct heat

conduction relationship with the reactor wall, and

() passing the partly converted hydrocarbon feedstock

through a tubular reactor with a steam reforming

y—

catalyst in the form of pellets belng heated by

pr—
—

burning of fuel.

Preferably, the steam reforming catalyst comprises nickel

and noble metals.

Preferably, the steam reforming catalyst comprises nickel

or noble metals.

Fig. 1 shows the front-end of a plant producing syngas.

Feed 2 1s preheated, desulphurized in unit 4, mixed wlth process

steam 6, and further heated before entering an adiabatic

prereformer 8. The effluent stream from prereformer 8 1is

further heated in a heat exchanger coil,
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arranged in flue gas channel 12 and send to the tubular
reformer 14, where conversion of methane to hydrogen,
carbon monoxide, and carbon dioxide occurs. The processing
of effluent gas downstream from the tubular reformer
depends on the use of the product.

Catalyzed hardware can be used in two of the units
shown in Fig. 1:

1. In the preheater coil 10 for heating the prerefor-
mer effluent gas before entering the tubular reformer 14.

2. In the tubular reformer 14.

The catalytic coating of a metal surface (wash-
coating) is a well known process (a description is given in
e.g. Cybulski, A., and Moulijn, J.A., Structured catalysts
and reactors, Marcel Dekker,. Inc., New York, 1998, Chapter
3, and references herein). A thin layer of a slurry con-
taining the ceramic precursor is applied on the surface by
means of e.g. spraying, painting or dipping. After applying
for the coat, the slurry is dried and calcined at a tem-
perature usually in the region of 350-1000°C. Finally, the
ceramic layer is i1mpregnated with the catalytic active
material. Alternatively, the catalytic active material 1is
applied for simultaneocusly with the ceramic precursor.

Unfortunately, a number of disadvantages of the
catalyzed hardware reactors compared to fixed bed reactors
exists:

The catalyst layer cannot be replaced if it looses
its activity either by ageing or by poisoning.

The catalytic layer can only be applied to certain
materials. The reactor tubes have to be made of this type
of material which may be more expensive than a conventional
tube material. The steam reforming reactions occurs under
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pressurized conditions and the tube thickness is large,
hence the cost of materials influences the price signifi-
cantly.

Furthermore, production of long catalyzed hardware
reactor tubes can be difficult. The reactor tube can have a
length of 10 m or more. It will be difficult to obtain an
even thickness of the reforming catalyst layer throughout
such a length, and means to obtain an even layer, which can
be used for small scale application such as centrifuging
the tube, 1s more difficult to apply for this size of '

tubes. Additionally, appropriate heat treatment of a tube
of this size can be difficult.

These drawbacks can be overcome by producing the
catalyzed hardware separately from the reactor as described
below.

A metal support is cut into an appropriate size.
The sheet 1is wash-coated as described above. After the.
wash-coating, the sheet is formed into the appropriate
shape. Alternatively, the sheet is formed into the final
shape prior to the wash-coating. The metallic support is
formed substantially to have the same shape as the reactor
wall and has been arranged in a direct heat conduction
relationship with the reactor wall.

It will be possible to change the catalytic layer
1f it no longer has sufficient catalytic activity. The
expensive steel used to obtain adhesion of the catalyst to
the metal surface will only Comprise a small fraction of
the total metal consumption. The catalyzed hardware can be
produced 1in smaller sections, which will be easier to
manufacture and handle.

Accordingly, this invention provides a process for
the preparation of hydrogen and carbon monoxide rich gas by
catalytic steam reforming of a hydrocarbon feedstock,

comprising steps of:
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(a) optionally passing a process gas of hydrocarbon
feedstock through a first reactor with a steam reforming
catalyst heated by a hot gas stream;

(b) passing the effluent from the first reactor to a
subsequent tubular reactor containing a steam reforming
catalyst and being heated by burning of fuel, thereby
obtaining a hot gas stream of steam reformed product gas
and a hot gas stream of flue gas,

wherein a reforming catalyst is placed on a metal-
lic support having substantially the same shape as a wall
of the reactor and being arranged in heat conduction rela-
tionship with the reactor wall.

In a specific embodiment of the invention, the
reforming catalyst i1n the reactor in step b is provided
both with a metallic support having substantially the same
shape as a wall of,the reactor and being arranged in heat
conduction relationship with the reactor wall and as

reforming catalyst pellets.
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CLAIMS

1. A process for the preparation of a hydrogen and carbon

monoxide rich gas by catalytic steam reforming of a

p—
——a

hydrocarbon contalning feedstock comprising the step of:

(a) passing a process gas of a hydrocarbon feedstock

through a tubular reactor with a steam reforming

H
anad

catalyst being heated by burning of fuel,

wherein the steam reforming catalyst is

supported on a metallic sheet having the same

shape as a wall of the reactor and being arranged
in direct heat conduction relationship with the

inner tube wall of the tubular reactor.

2 . The process of claim 1 further comprilising the step of:

1

prior to step (a), passing a hydrocarbon feedstock
through a first reactor with a steam reforming catalyst
heated by a hot gas stream, forming a partly converted
hydrocarbon feedstock,

wherein the steam reforming catalyst is supported on a
metallic sheet having the same shape as a wall of the
reactor and being arranged 1in direct heat conduction

e

relationship with the inner tube wall of the reactor.

3. The process of claim 1 or 2, wherein the reforming
catalyst in the reactor 1n step (a) 1s combilined with

reforming catalyst pellets.
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4 . A process for the preparation of a hydrogen and carbon

monoxide rich gas by catalytic steam reforming of a

hyvdrocarbon containing feedstock comprising the steps of:

(a) passing a hydrocarbon feedstock through a first

reactor with a steam reforming catalyst heated by

a hot gas stream, forming a partly converted

hydrocarbon feedstock,

wherein the steam reforming catalyst 1is

supported on a metallic sheet having the same

shape as a wall of the reactor and being arranged
in direct heat conduction relatlionship with the

reactor wall, and

(b) passing the partly converted hydrocarbon feedstock

through a tubular reactor with a steam reforming

#

catalyst in the form of pellets being heated by

p——
—

burning of fuel.

i
—

5. The process of any one of claims 1 to 4, wherein the

steam reforming catalyst comprises nickel and noble metals.

F

6. The process of any one of claims 1 to 4, wherein the

steam reforming catalyst comprises nickel or noble metals.
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