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Method for Operating a Bulk Material Lock

Field of the Invention

This invention relates to a method for operating a bulk material lock whose
opening for filling with bulk material is equipped with a self-sealing closure, which
lock serves for filling a process apparatus which is under the excess pressure of a
process gas, wherein before being emptied the lock is pressurized with process
gas to the pressure existing in the apparatus, and before being filled it is
depressurized to ambient pressure.

This invention also relates to the use of this method during operation of the bulk
material locks of fixed-bed coal gasifiers.

Prior art

Self-sealing closures have long since been used in the art, in order to close
openings, such as container openings, in a gas- or liquid-tight manner. In general,
they are equipped with a mechanism with which the closure is placed before the
opening, so that the sealing surfaces of closure and opening lie one on top of the
other or are slightly pressed onto each other. The principle of self-sealing consists
in that the essential part of the force which is necessary to press the sealing
surfaces onto each other in a gas- or liquid-tight manner is not provided by the
closure mechanism, but by the gas or liquid pressure existing in the respective

process apparatus.

For example, the bulk material locks for filling fixed-bed coal gasifiers frequently
are equipped with self-sealing openings, wherein a round opening equipped with
a sealing surface is closed by a conical or cone-shaped closure, see also
Ullmann’s Encyclopedia of Industrial Chemistry, Sixth Edition, Vol. 15, Gas
Production, Chap. 4.4.
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For filling the gasifier with coal, the empty bulk material lock initially is
depressurized to ambient pressure, the filling opening then is opened, and coal is
filled into the lock. Subsequently, the filling opening of the lock is closed by
mechanically pressing the closure into the round filling opening. The lock then is
pressurized with process gas, until a pressure corresponding to the process

pressure of the gas generator is reached.

It is disadvantageous that in the initial phase of pressurizing, in which a sufficient
pressure for completely sealing the self-sealing filling opening in the interior of the
lock has not yet been reached, process gas escapes from the lock through the
filling opening. This escape of the process gas is problematic in the case of the
fixed-bed coal gasification, since the escaping synthesis gas is toxic and, when it

mixes with atmospheric oxygen, also is explosive.

So far, this problem generally has been solved by attempting to collect the
escaping process gas as far as possible and securely dispose of the same, for

example via a flare system.

This can be accomplished, for example, in that the chute which for filling the lock
is put onto the filling opening is equipped with a jacket which is formed such that it
completely encloses the filling opening of the lock and collects the escaping gas.
The jacket then is connected with an extraction system, which safely removes the
gas.

DD 239000 A1 describes another method for the safe disposal of this gas.
Upstream of the bulk material lock, a firmly installed dosing tank referred to as
filling basket has been provided. The gas escaping from the lock is collected by
the filling basket. By purging with inert gas, the dangerous process gas is expelled
from the filling basket and disposed of via a conduit connected to the filling
basket.
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A disadvantage of these methods consists in that they require a relatively
expensive equipment. Therefore, it has been the object to provide a method for
operating bulk material locks, which avoids this disadvantage.

Description of the Invention

The object is solved by a method according to the entirety of the features of claim
1. After the lock has been filled with bulk material and the opening has been
closed mechanically, the lock initially is pressurized with an inert gas, until the
necessary internal pressure is reached, which is required by the self-sealing
closure for reaching the gas tightness. The escape of gas occurring to this point is
not dangerous, since the gas is an inert gas. Only when the gas tightness of the
self-sealing closure is reached, process gas is used in the lock for the further
pressure increase, in general up to the process pressure existing in the connected

apparatus.

In an advantageous aspect of the invention, nitrogen is used as inert gas.
Nitrogen is non-toxic and generally available at low cost.

In a further advantageous aspect of the invention, the lock emptied of bulk
material is purged with inert gas after it has been depressurized to ambient
pressure and before it is again filled with bulk material. In the process, i.e. during
depressurization and during purging, the discharge of the gas from the lock is
effected via a special conduit connected to the lock and not via the opening for
filling the lock with bulk material. By purging the lock with inert gas it is avoided
that when filling the lock with bulk material, process gas escapes through the
filling opening of the lock into the surroundings.

In a further advantageous aspect of the invention, the pressure in the lock, after
the self-sealing closure has been closed in a gas-tight manner by the inert gas
introduced, is lowered by draining gas to an extent as it is possible for maintaining
the gas tightness of the closure, before the lock is pressurized further with
process gas. Closing a self-sealing closure generally requires a pressure higher
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than subsequently necessary for maintaining the tightness of the closure, as for
closing the closure body must be pressed into the optimum position in the closure
seat with great force. When this position has been reached, the pressure can be
lowered, since the closure only must be maintained in this position. By draining
inert gas from the lock as far as is possible for maintaining the tightness, it is
achieved that when handing over the bulk material from the lock into the reactor
less inert gas enters into the reactor and contaminates the process gas.

How far the pressure in the lock can be lowered without impairing the tightness of
the closure can easily be determined by the skilled person by carrying out routine

experiments.

Particularly advantageously, the method according to the invention can be used
during operation of fixed-bed coal gasifiers. The process gas produced thereby is
particularly toxic and explosive because of its carbon monoxide and hydrogen
content, so that the escape of this gas particularly endangers the safety of the
operating personnel and the plant. Due to the large overall sizes prevailing with
this technology, the gas tightness of the closures generally is only reached at
pressures above 4 bar(g). This means that until reaching this pressure, large
amounts of process gas escape from the lock.

The use of the method according to the invention prevents the exit of these
dangerous gases in a simple way, and apparatuses which are designed to collect
and discharge process gas exiting from the filling opening are made superfluous.

Exemplary embodiment

Further developments, advantages and possible applications of the invention can
also be taken from the following description of exemplary embodiments and the
drawings. All features described and/or illustrated form the invention per se or in
any combination, independent of their inclusion in the claims or their back-

reference.
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In the only Figure
Fig. 1 shows a bulk material lock for a fixed-bed coal gasifier operated by the

method according to the invention.

Fig. 1 shows the upper part of a reactor 1 which is filled with bulk material, e.g.
coal, via a bulk material lock 2. The bulk material 3 is filled into the bulk material
lock 2 by means of a hopper 4. The reactor 1 can be sealed against the lock 2 via
the self-sealing closure 5 and said lock in turn can be sealed against the
atmosphere via the self-sealing closure 6. The closures 5, 6 each are equipped
with a mechanical closure actuator 5a, 6a.

The lock 2 is filled with bulk material 3 via the hopper 4 and the open closure 6.
The closure 5 is closed. The closure 6 then is mechanically closed by means of
the device 6a. The closure body 6b is placed before the closure seat 6¢. The lock
2 then is pressurized with inert gas via conduit 7, wherein initially gas escapes
from the lock through the closure 6, until the gas pressure building up in the lock
presses the closure body 6b into the closure seat 6¢ so firmly that no open gap is
left between the same. Via conduit 8, inert gas can then be drained from the lock,
so that when subsequently emptying the lock 2 into the reactor 1, the gas
atmosphere of the reactor is not loaded with inert gas to an unnecessary extent.
By draining the inert gas from the lock, the pressure in the lock should only be
lowered to such an extent that the tightness of the closure 6 is not impaired.

Via conduits 7 and 8, the lock 2 also can be purged with inert gas, before the
closure 6 is opened, with the process or purge gas being discharged via conduit
8.

After the closure 6 has been closed in a gas-tight manner, the lock 2 is
pressurized further via conduit 9 with process gas from the reactor 1. After a
pressure compensation thus has been achieved between lock 2 and reactor 1, the
closure 5 is opened mechanically and the bulk material is drained from the lock
into the reactor.
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List of Reference Numerals

5 1 upper part of reactor
2 bulk material lock
3 bulk material
4 hopper
5,6 self-sealing closure
10 5a, 6a mechanical closure actuator
6b closure body
6c closure seat
conduit inert gas
conduit for draining gas

15 9 conduit for pressurizing the lock with process gas
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1.

Claims

A method for operating a bulk material lock whose opening for filling with
bulk material is equipped with a self-sealing closure, which opening serves
for filling a process apparatus which is under the excess pressure of a
process gas, wherein before being emptied the lock is pressurized with
process gas to the pressure existing in the apparatus and before being
filled it is depressurized to ambient pressure, characterized in that after
filling the lock with bulk material and after mechanically closing the
opening, the lock is pressurized with an inert gas up to such a pressure,
until the self-sealing closure closes the opening in a gas-tight manner and
only after reaching this condition the lock is pressurized further with

process gas.

. The method according to claim 1, characterized in that the inert gas

substantially consists of nitrogen.

The method according to any of the preceding claims, characterized in that
the lock emptied of bulk material is purged with inert gas, after it has been
depressurized to ambient pressure, before it is again filled with bulk

material.

. The method according to any of the preceding claims, characterized in that

after the self-sealing closure is closed in a gas-tight manner, the pressure
in the lock is lowered to such an extent as it is possible for maintaining the
gas tightness of the closure and the lock then is further pressurized with

process gas.

Use of the invention according to any of the preceding claims during

operation of the bulk material locks of fixed-bed coal gasifiers.
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