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Reaction tube and method for producing hydrogen cyanide

The invention relates to a reaction tube for preparing
hydrogen cyanide, and also to a method for preparing

hydrogen cyanide using this reaction tube.

The BMA process for preparing hydrogen cyanide from ammonia
and an aliphatic hydrocarbon having 1 to 4 carbon atoms is
carried out at temperatures in the range of 1000°C to
1400°C. Since the reaction is endothermic, heat must be
supplied to the reaction mixture during the process. On an
industrial scale, the BMA process is carried out in
externally heated reaction tubes, which have been coated on
the tube interior with a catalyst comprising platinum and
through which the gaseous reaction mixture is passed. The
space-time yield in these industrial reactors is determined
by the geometrical surface area of the reaction tube and
the active surface area of the platinum-containing catalyst

limited thereby.

For reaction tubes used in the BMA process, approaches to
increase the surface area/volume ratio of the surface
coated with the catalyst or to increase the space-time
yield by changing the flow conditions in the reaction tube

are known from the prior art.

DE 29 36 844 Al proposes producing turbulent flow in the
reaction tube by internals or random packings, which may be
entirely or partially coated with catalyst, in order to
improve the space-time yield and the yield of hydrogen

cyanide.

WO 90/13405 discloses reaction tubes for the BMA process
which have periodic changes in the cross section of the
reaction tube from a circular cross section to an

elliptical cross section.
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DE 41 28 201 describes reaction tubes for the BMA process
having internals in the form of coils, which increase the

turbulent proportion of the flow of the reaction gases.

However, an aspect common to all these reaction tubes is
that soot deposition on the inner surfaces of the reaction
tube occurs to an enhanced degree during the preparation of
hydrogen cyanide. The soot formed by the decomposition of
the aliphatic hydrocarbons used for the preparation of
hydrogen cyanide is deposited on the catalyst comprising
platinum and thereby inhibits the reaction forming hydrogen
cyanide. For this reason, frequent measures must be taken
for the removal of soot deposits, for which the preparation
of hydrogen cyanide has to be interrupted. In the reaction
tubes according to DE 29 36 844 Al, WO 90/13405 and

DE 41 28 201, mechanical removal of soot deposits is not
practically feasible due to the internals or cross section

changes.

Reaction tubes with tubular or rod-shaped internals
arranged longitudinally inside the reaction tube are known
from DE 1 078 554 and WO 2006/050781. Although the space-
time yield and the yield of hydrogen cyanide can be
improved with such internals, these internals have
considerable disadvantages during long-term operation. On
heating to the reaction temperature, tubular and rod-shaped
internals may bend, such that they touch the inner wall of
the tube. In addition, tubular or rod-shaped internals may
be subjected to vibrations or gyratory motions by the flow
of the reaction mixture through the tube. This may result
in the internals rubbing on the tube inner wall during
operation and abrading catalyst from the inner wall of the
tube over time, which then leads to greater soot deposition
on the inner surface of the reaction tube, starting at the
abraded spots. In addition, deformation of the internals
produces an uneven flow distribution over the tube cross

section, which causes uneven temperature distribution and
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leads to thermal stresses in the reaction tube, which may

cause fracture of the reaction tube during operation.

For this reason, there still exists a need for reaction
tubes for the preparation of hydrogen cyanide with which an
improved space-time yield and a higher yield of hydrogen
cyanide can be achieved, in comparison to the cylindrical
tubes used on an industrial scale, and which do not have
the disadvantages of the reaction tubes with tubular or
rod-shaped internals known from DE 1 078 554 and

WO 2006/050781.

It has now been found that this object can be achieved by
inserts composed of ceramic which are inserted into the
reaction tube, which have fins pointing from the tube axis

to the inner wall of the tube.

The invention therefore provides a reaction tube for
preparing hydrogen cyanide comprising a cylindrical tube
composed of ceramic, and a catalyst comprising platinum
applied to the inner wall of the tube, characterized in
that the tube has at least one insert composed of ceramic,
having three or four fins pointing from the tube axis to
the inner wall of the tube, which is inserted into the
cylindrical tube, wherein the fins divide the tube interior
space into substantially straight channels with
substantially identical circle segment cross sections and
wherein the mean gap between the ends of the fins and the

inner wall of the tube is in the range of 0.1 to 3 mm.

The invention also relates to a method for preparing
hydrogen cyanide by reacting ammonia and at least one
aliphatic hydrocarbon having 1 to 4 carbon atoms in the
presence of a catalyst comprising platinum at a temperature
of 1000 to 1400°C, characterized in that the reaction is

carried out in a reaction tube according to the invention.
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The reaction tube according to the invention comprises a
cylindrical tube composed of ceramic, preferably a gas-
tight-sintered ceramic and particularly preferably gas-
tight-sintered aluminium oxide. The cylindrical tube
preferably has an internal diameter of 10 to 50 mm,
particularly preferably 15 to 30 mm. The length of the
cylindrical tube is preferably in the range of 1000 to

3000 mm and particularly preferably in the range of 1500 to
2500 mm.

The cylindrical tube is entirely or partially coated on the
inner side with a catalyst comprising platinum. Preferably
more than 80% of the geometric surface area of the inner
side of the cylindrical tube is coated with the catalyst
comprising platinum. All catalysts known for the BMA
process for preparing hydrogen cyanide may be used as
catalysts comprising platinum. The catalysts having a
reduced tendency for sooting known from WO 2004/076351 are
preferably used. The catalysts comprising platinum may be
applied to the inner side of the cylindrical tube by all
known methods for applying such catalysts to support
materials. The methods described in EP-A 0 299 175,

EP-A 0 407 809 and EP-A 0 803 430 are preferably used for
applying the catalyst comprising platinum to the inner side

of the cylindrical tube.

The reaction tube according to the invention has at least
one insert composed of ceramic, having three or four fins
pointing from the tube axis to the inner wall of the tube,
which is inserted into the cylindrical tube. The insert is
preferably composed of sintered aluminium oxide. The fins
of the insert divide the tube interior space into
substantially straight channels with substantially
identical circle segment cross sections. For this purpose
the fins are shaped as essentially closed surfaces aligned
in the longitudinal direction of the tube. They may,
however, have discrete openings or notches at the ends for
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pressure equalization between neighbouring channels. The
fins of the insert may be positioned on a rod or tube
extending along the axis of the tube. However, the fins of
the insert preferably extend as far as the tube axis and
meet one another at the tube axis. The mean gap between the
ends of the fins and the inner wall of the tube is in the
range of 0.1 to 3 mm. The ends of the fins are preferably
rounded. The mean gap then relates to that point at which
the rounding of the fin comes closest to the inner wall of

the tube.

The insert of the reaction tube according to the invention
may be produced in the same manner as the cylindrical tube
by extruding a plastic material comprising aluminium oxide

and subsequent drying and calcination.

The insert of the reaction tube according to the invention
has the advantage that it is not so greatly deformed on
heating to the temperature required for preparing hydrogen
cyanide by the BMA process, by reason of its geometry, as
the tubular or rod-shaped internals known from the prior
art. Also, by reason of its geometry and the small gap
between the ends of the fins and the inner wall of the
tube, it is less likely to undergo vibrations or gyratory
motiong induced by gas flowing through the reaction tube
than the rod-shaped or tubular internals known from the
prior art. This ensures that abrasion of catalyst from the
inner wall of the tube does not occur when using the
reaction tube for preparing hydrogen cyanide by the BMA
process. Abrasion of the catalyst from the inner wall of
the tube can also be avoided by rounded ends of the fins.
The geometry of the insert and the small gap between the
ends of the fins and the inner wall of the tube also
ensures that the channels formed between the fins maintain
the same cross section while using the reaction tube for
preparing hydrogen cyanide, such that the flow distribution
remaing uniform in the channels and thermal stresses due to
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an assymetrical temperature distribution along the

circumference of the tube are avoided.

In a preferred embodiment, the fins make contact with the
inner wall of the tube at discrete points. A subdivision of
the tube interior space into channels with substantially
identical cross sections is thereby achieved, even without
means of centering or spacers, and the insert can be more
rapidly and easgily installed in the cylindrical tube than
the rod-shaped or tubular internals known from the prior

art.

The fins of the insert preferably have a mean thicknecss
which is 0.25 to 2.5 times the mean thickness of the wall
of the cylindrical tube. The mean thickness of the fins is
particularly preferably 0.5 to 2 times, particularly 0.75
to 1.5 times the mean thickness of the wall of the
cylindrical tube. Most preferably, the fins of the insert
have the same thickness as the wall of the cylindrical
tube. By choosing a wall thickness in these ranges, good
mechanical stability of the insert is achieved at low

weight.

The insert is preferably entirely or partially coated with
a catalyst comprising platinum, particularly preferably
with the same catalyst as the cylindrical tube. Particular
preference is given to entirely coating the insert with
catalyst. To coat the insert with the catalyst comprising
platinum, the same methods can be used as for coating the
cylindrical tube. By coating the insert with a catalyst
comprising platinum, a higher space-time yield can be
achieved when using the reaction tube for preparing

hydrogen cyanide by the BMA process.

The reaction tube according to the invention may have one
or more inserts inserted into the cylindrical tube.
Preferably, only one insert is inserted into the

cylindrical tube. Particularly preferably, one insert is
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arranged in a central region of the cylindrical tube and
has a length of 10 to 90%, particularly 40 to 75% of the
length of the cylindrical tube. The use of only a single
insert enables mechanical removal of soot from the reaction
tube, even in the region of the channels formed between the
fins of the insert. The arrangement of an insert, having a
shorter length than the reaction tube, in a central region
of the reaction tube, leads to a higher space-time yield
compared to an arrangement at the beginning or at the end

of the reaction tube.

The reaction tube according to the invention can be used to
prepare hydrogen cyanide, preferably to prepare hydrogen
cyanide by the BMA process.

In the method according to the invention for preparing
hydrogen cyanide, a gas mixture comprising ammonia and at
least one aliphatic hydrocarbon having 1 to 4 carbon atoms
is passed through the reaction tube according to the
invention and the reaction tube is maintained at a
temperature of 1000°C to 1400°C by external heating. The
hydrocarbons are preferably composed of at least 90 vol%
methane. The gas mixture used for preparing hydrogen
cyanide preferably comprises ammonia in stoichiometric
excess. When using methane as hydrocarbon, a molar ratio of
ammonia to methane in the range of 1.01 : 1 to 1.30 : 1 is
preferably used. The flow rate of the gas mixture through
the reaction tube is preferably selected such that a
substantially laminar flow develops along the entire
reaction tube including the region in which inserts are

arranged.

With the method according to the invention, a higher yield
of hydrogen cyanide can be achieved with respect to
hydrocarbon used and with respect to ammonia used, and also
a higher space-time yield, than by using a reaction tube
without internals. In the method according to the
invention, the high and improved yield of hydrogen cyanide
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can be maintained over a longer period of operation in
contrast to the rod-shaped or tubular internals known from

the prior art.

Fig. 1 to 3 show embodiments of the insert and arrangement
thereof in the cylindrical tube of the reaction tube

according to the invention.

Fig. 1 shows an insert composed of ceramic with four fins

in perspective view.

Fig. 2 shows a cross section through a reaction tube with
an insert composed of ceramic having four fins, pointing
from the tube axis towards the inner wall of the tube and

which are rounded at the ends.

Fig. 3 shows a cross section through a reaction tube with
an insert composed of ceramic having three fins, pointing
from the tube axis towards the inner wall of the tube and

which are rounded at the ends.

The insert shown in Fig. 1 may be inserted into the
cylindrical tube to provide a cross section as shown in
Fig. 2 along the entire length of the insert, i.e. the gap
between the ends of the fins and the inner wall of the tube
is the same along the entire length of the insert. On the
other hand, the insert shown in Fig. 1 may be inserted into
the cylindrical tube to provide a cross section as shown in
Fig. 2 only at the middle of the insert, whereas at the
ends the insert makes contact with the inner wall of the
tube through one or two of the fins, as long as the mean
gap between the ends of the fins and the inner wall of the
tube is in the range of 0.1 to 3 mm. For example, this is
the case if the cross section corresponds to Fig. 2 at the
middle of the insert with a gap between the fins and the
inner wall of the tube of 1 mm, whereas at the upper end of
the insert the fins shown in Fig. 2 on the top and left
side make contact with the inner wall of the tube and at
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the lower end of the insert the fins shown in Fig. 2 on the
bottom and right side make contact with the inner wall of

the tube.

Examples

Example 1 (comparative example with empty tube)

A cylindrical reaction tube composed of sintered aluminium
oxide of length 2100 mm and internal diameter 17 mm was
coated with a platinum-containing catalyst and formed as
described in example 6 of EP 0 407 809 A. A gas mixture
composed of 44 mol/h ammonia and 40 mol/h methane was then
passed from below through the vertically oriented reaction
tube at 1280°C. The gas exiting from the reaction tube was
analyzed; the yield of hydrogen cyanide was 79.9% based on

ammonia and 88.8% based on methane.

Example 2 (comparative example with insert according to
WO 2006/050781)

Example 1 was repeated, however a tube composed of sintered
aluminium oxide of length 1200 m and external diameter

6 mm, coated with catalyst on the exterior, was arranged
centrally in the reaction tube and the gas mixture was
passed through the annular gap between the tubes. The yield
of hydrogen cyanide was 84.4% based on ammonia and 93.3%

based on methane.

Example 3

Example 1 was repeated, however an insert composed of

sintered aluminium oxide coated with catalyst, having four
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rounded fins corresponding to Fig. 1, was inserted into the
cylindrical tube. The insert had a length of 1200 mm, a
mean wall thickness of the fing of 2.8 mm and a mean gap
between the ends of the fins and the inner wall of the tube
of 0.5 mm. The yield of hydrogen cyanide was 88.7% based on

ammonia and 98.1% based on methane.

Example 4

Example 3 was repeated, however an insert having a length
of 1800 mm was used. The yield of hydrogen cyanide was

90.8% based on ammonia and 99.6% based on methane.

Example 5

Example 3 was repeated, however an insert having a length
of 600 mm was used. The yield of hydrogen cyanide was 81.9%

based on ammonia and 92.6% based on methane.

The examples show that higher yields of hydrogen cyanide
with respect to hydrocarbon used and with respect to
ammonia used and also a higher space-time yield are
achieved with the reaction tube according to the invention
in preparing hydrogen cyanide by the BMA process than by
using a reaction tube without internals. Better yields are
also achieved with the same length of insert than by using
a reaction tube with rod-shaped or tubular internals

corresponding to the prior art.
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comprising a cylindrical tube composed of ceramic and a
catalyst comprising platinum applied to the inner wall
of the tube,

characterized in that

sald tube has at least one insert composed of ceramic,
having three or four fins pointing from the tube axis to
the inner wall of the tube, which is inserted into the
cylindrical tube, wherein the fins divide the tube
interior space into substantially straight channels with
substantially identical circle segment cross sections
and wherein the mean gap between the ends of the fins
and the inner wall of the tube is in the range of 0.1 to

3 mm.

. The reaction tube as claimed in claim 1,

characterized in that
the cylindrical tube is composed of tightly sintered

aluminium oxide.

. The reaction tube as claimed in claim 1 or 2,

characterized in that
the insert is composed of sintered aluminium oxide.

. The reaction tube as claimed in any one of claims 1 to

3,
characterized in that
the insert is coated with a catalyst comprising

platinum.

. The reaction tube as claimed in any one of claims 1 to

4,
characterized in that
the ends of the fins are rounded.
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6. The reaction tube as claimed in any one of claims 1 to
5,
characterized in that
the fins have a mean thickness which is 0.25 to 2.5
times the mean thickness of the wall of the cylindrical

reaction tube.

7. The reaction tube as claimed in any one of claims 1 to
6,
characterized in that
said tube has exactly one insert inserted into the

cylindrical tube.

8. The reaction tube as claimed in claim 7,
characterized in that
the insert is arranged in a central region of the
cylindrical tube and has a length of 10 to 90% of the
length of the cylindrical tube.

9. The use of a reaction tube as claimed in any one of

claims 1 to 8 for preparing hydrogen cyanide.

10.A method for preparing hydrogen cyanide by reacting
ammonia and at least one aliphatic hydrocarbon having 1
to 4 carbon atoms in the presence of a catalyst
comprising platinum at a temperature of 1000 to 1400°C,
characterized in that
the reaction is carried out in at least one reaction

tube as claimed in any one of claims 1 to 9.

11.The method as claimed in claim 10, characterized in

that
the hydrocarbons are composed of at least 90 vol% of

methane.




