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(97) Abstract: A method and an apparatus for convey-
1ng particulate material of a reactor pneumatically from
a high pressure delivery vessel (10) to a receiving vessel
(40) at a lower pressure using gas discharging from the
reactor as a carrier gas, by using an apparatus comprising
a conveyor line (20) and a collecting vessel (30), which
collecting vessel comprises means (50) to discharge car-
rier gas and means (54) to control the flow rate of the
carrier gas, in which the pressure in the collecting vessel
1s controlled in such a way that the material has almost
the same pressure as the delivery vessel when conveyed
to the collecting vessel, from which it is transferred to
the receiving vessel essentially at the same pressure as
the receilving vessel.
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METHOD AND APPARATUS FOR TREATING HIGH PRESSURE PARTICULATE
MATERIAL

Field of the Invention

-~ The present invention relates to methods and an apparatus for

treating high pressure particulate material. In particular,

the invention relates to a method and apparatus for

pneumatic conveying of particulate material <containing
reaction products of a high pressure reactor, by using the gas
exiting the reactor as a carrier gas, from a supply vessel at
a preSSure of at least 2 bar to a receiving vessel at a
considerably lower pressure, by using an apparatus comprising
a conveyor line and a collecting vessel between the conveyor

line and the receiving vessel.

- Background of the Invention

It is generally known to convey solid powdered or granular
material by a pneumatic conveyor system. When transported
pneumatically, solid material is conveyed in a tubular
conveyor line entrained with the carrier gas flowing therein.
Pneumatic conveyance 1is possible for diluted suspensions,
whereby a relatively large quantity of gas conveys a
relatively small volume of solid material, or for denser
suspensions, whereby a relatively small quantity of gas

conveYS a relatively large volume of solid material.

Pneumatic conveyance is normally performed by feeding
superatmospheric carrier gas to a conveyor 1line or by
pfoviding a low pressure in the receiving vessel in the
latter end of the conveyor 1line. Pneumatic conveyance is
especially applicable in situations where the supply vessel
is for some other reason at a higher pressure than the
receiving vessel. Thus it could be possible to utilize the

gas in the supply vessel for conveying particulate material
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and it 1s not necessary to separately arrange carrier gas

supply or pressure difference between the vessels.

US patent 4,699,210 discloses a system to convey fly ash from
a pressurized fluidized bed boiler separated by its particle
separator in such a way that the material to be conveyed 1is

led from the bottom portioh of the separator to the ash

container through a conduit where 1ts flow direction 1is
sharply changed repeated times. Every change of direction

consumes enerqgy, whereby the pressure of the flue gas

conveying the ash 1is reduced gradually on i1ts way from the

particle separator to the ash container.

A drawback 1in this conveyor system 1s the clogging of the
conveyor line’s sharp bends, especially 1f the ash
temperature decreases close to the dew point. To prevent the

clogging of the 1line the ash 1s conveyed as a thin

suspension, whereby the flow rate of the gas needs to be high
enough, at least 10 - 15 m/s. This results, however, in high
consumption of carrier gas and 1ncreases thus the energy
consumption substantially. In addition, the high flow rate
can cause strong erosion especially at the bends of the line

where the direction changes.

US patent 4,877,423 discloses a two-stage pneumatic system
applicable to conveyling and cooling high pressure fly ash, at
the first stage of which system, where flue gas 1s used as a

carrier gas, the pressure 1s reduced only slightly, typically

only 0 - 3 bar. In the end section of the first stage 1is

arranged a precilpiltator to separate flue gas from ash, and a
high pressure supply tank for ash. Subsegquent to the supply
tank the system comprises a lock tank separated by a wvalve,
in which tank the pressure can be reduced to a level required

F

by the further transport and final cooling of the ash.
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The disclosed ari:angemer;t with a separate precipitator and
two tanks. is, however, quite complicated and expensive.
Furthermore, the ash discharge of the separator treating the
d entire ash .quantity and having neo longer any carrier gas
flow, has a tendency to get clogged up, if the ash is

adhesive at leaat to some extent Th:I.S rrevents the ash from
being efficiently cooled at the first stage.

10 EBuropean patent 0 582 049 discloses a system for
depressurizing and conveying particulate materials, where the
solids flow rate in the pneumatic conveyor line is controlled
by changing the cross section of a choke means and/or by
changing the pressure in a reservoir upstream the conveyor

13 1line. The materilal is also depressurized by the mechanical
choke means.

US patent 5,707,198 discloses a system for discharging
particulate material from a first container to a lower

20 . positioned, lower pressure storage area. The quantity of
material discharged to the storage area is controlled by a
material feeder. The pressure of the material is reduced in
the material columns formed in an upper tube section between
the first container and a pressure stabilizer and a lower

25 tube section between the pressure stabilizer and the feeder.

Japanese patent publication JP 07042910 discloses a system
for pneumatic conveying of particulate material, where the
material is first conveyed to a high pressure ash storing
30 device, from where it is transferred to a separate hopper in

order to reduce the pressure to the atmospheric pressure, and

‘then the material is finally transferred to a normal pressure
hopper.

AMENDED SHEET
Empfangszeit 1s.Juts  B:uYZ
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Summarx of the Invention

It is an object of the present invention to provide a method
and apparatus for treating particulate material, in which the
above-mentioned prior art problems are minimized.

Tt is a special object of the present invention to provide a
simple method and apparatus for controlled . pneumatic

convevance and cooling o©of hot high presSure' ‘particulate
material. ' '

10 It is a further object -of the invention to provide a method

15

20

and apparatus for pneumatic convayance of hot high preésure

particulate material, in which no overheating and cloggirig of

the conveyor line occur.

It 1s also an object of the invention to provide a method and

an apparatus, by which the conveying speed of ash can be
controlled and the consumption of carrier gas diminished.

In order to solve the above problems a method, the
characterizing £features of which are disclosed in the
characterizing part of the independent method claim, is
provided. Thus the ‘method according to the present -imiention
1s characterized in that the receiving vessel comprieé a

discharge conduit for carrier gas and means to control +the
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flow rate of carrier gas and that the method comprises the

steps ot:

(a) controlling the pressure i1n the collecting vessel by using

the means to control the flow rate of carrier gas so that

5 material 1is conveyed from the supply vessel to the collecting
vessel essentially at the same pressure as 1s prevailing in
the supply vessel, and

(b) conveying material from the collecting wvessel to the

recelving vessel essentially at the same pressure as 1s

10 prevailing in the receiving vessel.

In order to solve the above prior art problems an apparatus,

the characterizing features of which are disclosed 1in the

P

characterizing part of the independent apparatus claim, is

15 also provided. Thus the apparatus according to the present

invention 1s characterized 1n that the receiving vessel

comprises a discharge conduit for carrier gas and means to
control the discharge wvelocity of the carrier gas from the
collecting vessel, and means to control the pressure of the

20 particulate material collected in the collecting vessel.

The conveyance according to the present invention includes
that the flow rate of gas in the conveyor line 1is preferably
relatively low, most ©preferably less than 5 m/s and
25 particulate material is conveyed as a dense suspension. When

the present i1nvention 1s applied, the frictional forces of

the conveyor line are relatively small, whereby the

relatively small pressure difference compared to the pressure

prevalling 1n the supply vessel, typically less than 1 Dbar,

30 between the supply vessel and the collecting vessel, provides

a desired flow.

Prior to the conveyance the particulate material may form a

thin or a dense layer, e.g. a fluidized bed, in the bottom of
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the supply vessel. The conveyor line may be attached to the

supply vessel at the bottom or on the side thereof.

Particulate material can be preferably cooled in the conveyor

line by arranging the line at least in some part/-s coaxially
so that the particulate material flows in the inner tube and
the cooling medium, e.g. water or steam, in the outer tube. A
mixer can be also provided between the cooled parts securing
that the material is cooled uniformly. The cooling may also
be performed or 1intensified by arranging a heat exchange
surface 1n the supply vessel, collecting vessel or in the

recelving vessel.

To prevent clod formation 1in the conveyed material causing

clogging of the conveyor line the material should not be

cooled close to the dew point temperature of the carrier gas,
1.e., typically, flue gas of a reactor. When utilizing the

ash conveyance system according to the present invention, the

cooling of the material i1n the conveyor line can be continued
to a lower temperature, 1f air i1s added to the carrier gas.

Preferably this can be performed by fluidizing the material

in the bottom of the supply vessel by air, whereby the flue

gas content 1n the carrier gas 1s diminished, the partial

pressure oI water steam and acids 1s reduced and the dew

point of the carrier gas is decreased.

In the method according to the present invention the carrier
gas flow from the collecting vessel 1s adjusted so as to
create a desired flow rate for the material between the
supply vessel and the collecting vessel. As the discharge

conduit for carrier gas 1s attached to the collecting vessel,

the conveyance of the material continues efficiently up to
the collecting vessel and the risk that the conveyor line

gets clogged up 1s diminished.
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In the following some preferred embodiments of the present
invention are described as applied to the ash convevance of a
pressurized fluidized bed reactor, but equivalent and other
embodiments according to the present invention can be used
also 1in connection with other types of reactors and other

particulate materials.

If carrilier gas 1s allowed to discharge from the collecting

vessel directly to the open air, a substantial amount of
particulate material to be conveyed, e.g. ash, may also be

discharged. According to a first preferred embodiment of the

invention the carrier gas 1s allowed to discharge from the
collecting vessel through one or more porous filter element/-
s. The filter elements can be located inside the collecting
vessel or 1n separate gas discharge pipes outside the
collecting vessel. From the filter elements the gas is
allowed to discharge to the open air or to another vessel
which 1s substantially at the same pressure as the receiving
vessel, e.g. at atmospheric pressure. The gas flow 1is
controlled by the control elements located downstream of the
filter elements, which control elements can comprise e.g. a

control valve or a combilnation of an orifice plate and a

shut-off wvalve or a combination of a control wvalve and a

shut-off valve.

The ash entrained with the carrier gas to the filter may

disturb or even prevent the gas flow. In order to avoid this,

the collecting vessel 1s formed as a settling vessel, whereby

1t serves as a preseparator for ash. As a certalin amount of
ash 1s 1n any case entrained with the carrier gas, the filter
elements can preferably be cleaned from the material

collected on thelr surface by using high pressure gas pulses.
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According to a second preferred embodiment of the invention
the carrier gas 1s allowed to discharge from the collecting
vessel through an orifice of proper size directly to the
receiving vessel. Thus the ash entrained with the gas i1s not
allowed to reach the environment but 1s directed to the
recelving vessel. The drawback of this embodiment could be

pr—

the erosion or plugging of the orifice deriving from ash. To

eliminate this problem the orifices are preferably made

easlly changeable.

To control the ash flow rate the gas discharge system

comprises preferably two or more parallel gas discharge

conduits having an orifice of the same size or of different
sizes between the collecting vessel and receiving vessel. The
carrier gas discharge conduits are provided with wvalves, by
shutting and opening of which the gas discharge and the ash

flow 1n the convevyvor line can be controlled.

As the gas 1s discharged to the receiving vessel, the
recelving vessel needs to be provided with a gas discharge
opening, e.g. to the open air, and a filter preventing the

ash from exiting through the discharge opening.

The ash conveyor system according to the above preferred
first and second embodiments of the present invention 1is
preferably used intermittently, whereby ash is collected in
the collecting vessel until i1ts surface reaches a certain
predetermined 1level. After this the ash collected in the

collecting vessel is discharged to the receiving vessel.

As the receiving vessel 1s typically at atmospheric pressure
or at least essentially at a lower pressure than the

collecting vessel during the conveyance of ash, the pressure

of the material to be discharged has to be reduced close to
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the pressure of the receiving vessel before discharging the
collecting vessel. To reduce the pressure in the collecting
vessel a shut-off valve can be disposed in the ash conveyor
line, preferably at 1ts end closest to the collecting vessel
making 1t possible to separate the collecting vessel from the

conveyor line.

Preferably the discharge of the collecting vessel 1s started
by closing the wvalve controlling the gas exhaust from the
collecting vessel. Thus the gas pressure in the conveyor line
1s 1ncreased essentilially to the same pressure level as the

gas 1n the supply vessel and the ash flow in the conveyor

line 1s stopped. Next, the shut-off wvalve arranged in the

b |

conveyor line 1s shut and the valve controlling the discharge
of the gas 1n the collecting vessel 1s reopened, whereby the
gas pressure 1in the collecting vessel is reduced. When the
pressure 1s low enough, the collected ash is removed from the

collecting vessel to the receiving vessel.

The collecting vessel can preferably be disposed above the

recelving vessel, whereby the ash is allowed to fall directly

down to the receiving vessel, after the pressure in the
collecting vessel has been allowed to fall to the same level

as the pressure 1n the receiving vessel.

The ash can be conveyed from the collecting vessel to the
receiving vessel also by other means, e.g. by using a screw
or pneumatically, whereby the pressure 1in the collecting

vessel can remaln even slightly higher than the pressure in

the receiving vessel, when the pressure i1s reduced, and the

carrler gas can Dbe used for conveying the ash to the

recelving vessel.
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The essential i1dea of the present invention i1is that the wvalve
disposed in the conveyor line 1s not used for controlling the
ash conveying speed, but only for separating the collecting

vessel from the conveyor 1line after the ash flow has been

stopped by the valves controlling the gas discharge.

The valves controlling the gas exhaust can preferably be used
not only for stopping the ash conveyance for the discharge of
the collecting wvessel, but also for controlling the ash

conveying speed. It 1s especially preferable to change the

conveying speed intermittently, e.g. so that the convevance

1s performed essentilally at constant speed, but 1s stopped

completely at regular 1intervals. Thus excessive rising or

falling of temperature as well as the generation of

agglomerations disturbing the conveyance can be prevented. If

ash 1s collected only to a minor extent, even carrier gas can
be saved by using intermittent ash conveyance thus improving

the efficiency of the plant.

Intermittent stopping of the ash convevance can be controlled

on the basis of certain variables measured in the convevance
system. The ash conveyance can be stopped e.g. when the
temperature of the ash entering the collecting vessel or the
pressure difference between the supply vessel and collecting
vessel 1s too high or too low. Too high a temperature
indicates that the volume of ash to be conveyed i1s so large

that the cooling has no time to reduce 1its temperature

sufficiently. Too high a pressure difference indicates that
the line might be about to get plugged and the gas discharge
from the collecting vessel has to be temporarily shut in

order to control the situation.

On the other hand, too 1low a pressure difference or a

temperature of the entering ash can 1indicate that the ash
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conveyance 1s 1nsignificant, probably for the reason that

there i1is no ash 1in the supply vessel. In this case the
conveyvance should be temporarily stopped 1in order to save
carrier gas and energy. Excessive cooling of the ash also
increases the risk of plugging of the conveyor 1line. The
temperature of the ash entering the collecting wvessel 1is
preferably less than 300 °C, more preferably 100 - 200 °cC.
The pressure difference between the supply vessel and the
collecting vessel 1s preferably 0.1 - 1.0 bar or less than

0.3 bar for each 10 m of the conveyor line.

The conveyor systems according to the above-described first
and second embodiments of the present invention can be used
e.g. for conveying fly ash separated by a flue gas filter
unit of a pressurized fluidized bed reactor used for

combustion or gasification of material.

According to a third preferred embodiment of the present
invention the collecting vessel has a tubular form and it is
arranged 1n a vertical position so that ash enters the
collecting vessel through 1its upper part. Typically, the
proportion of the height and the diameter of the collecting
vessel 1s at least 5, more preterably at least 10, but it can
preferably be even over 30. Thus the first gas discharge pipe
provided with a filter 1s preferably disposed in the lower
part of the vessel and the ash discharge system in the bottom

of the vessel. There are possibly a plurality of gas discharge

pipes at various levels of the vessel. The filter attached to
the discharge pipes can preferably be arranged inside the
tubular collecting vessel 1n contact with the material to Dbe

convevyed.

When using the ash discharge system according to the third

preferred embodiment, the ash disposal from the collecting
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vessel 1s preferably controlled by an ash column having an

approximately constant height in the tubular collecting

vessel. As the carrier gas passes through the ash column, its

- pressure falls ‘without any separate means so that ash can be

removed from the lower part of the col}ecting vessel, directly
to an ash container, e.g. at atmospheric pressure. This kind
of a conveyvance syStem is particularly suitable for removing
coarse bottom ash, e.g. from the furnace of a fluidized bed

reactor used for combustion or gasification of material.

The collecting vessel according to the above-described third
embodiment can also be dimensioned so that it has a self-

- adjusting overfill protector. Thus the diameter and the height

of the vessel have to be such that the airflow through the ash

column slows down essentially before the ash column in the

"vessel 1s too high, whereby the ash conveyance to the

collecting vessel is reduced or even stopped completely.

In all above-described embodiments the conveyor 1line
comprises parts that can be oriented with any desired
position, i.e. vertical, horizontal or oblique. If necessary,
the flow o0f the particulate material in the conveyor line,
especially where the 1line is bent, can be assisted by
introducing small quantities of carrier gas, e.g. air, into

the line continuously or intermittently.

The invention is characterized in that there are no valves
for controlling the conveying speed of the ash in the ash
conveyor line. There can be shut-off valves in the 1line

intended to be used when a part of the system needs to be
separated from the others, e.g. for maintenance.

Brief Descrxgtzon of the Drawings

In the following the invention will be described rmore closely

with reference to the accompanying drawings, in which
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Fig. 1 schematicazlly illustrates an ash conveying system
according to a first preferred embodiment of the present

invention:

Fig. 2 schematically illustrates the outlet end of the ash
conveying system according to a second preferred embodiment

of the present invention;

Fig. 3  schematically illustrates the outlet end of the ash
conveying system according to a third preferred embodiment of
the present invention;

Deta:i.léd i)escrigtion of the Preferred Embodiments

Fig. 1 illustrates an ash conveying system according to a
first preferred embodiment of the present invention, the
supply vessel 10, ash conveyor line 20 and receiving vessel
40 of which can be similar to those even in other preferred
embodiments. The various embodiments differ from each other
mainly in how the carrier gas discharge from the collectiﬁg
vessel 30 .and the pressure reduction of the' collected
material are arranged.

The invention is characterized in that particulate material
COntaining reaction products of a reactor 1is conveyed
pneumatically from a supply vessel 10 at a pressure of at
least 2 bar, typically at 6 - 20 bar, to a receiving vessel
40, e.g. ai: atmospheric pressure, using the gas exitin'g' the
reactor as a carrier gas. When applying the invention the
volume of the supply vessel is typically larger than the

volume of the conveyor line and it can be assumed that the
pressure of the supply vessel is constant.

The supply vessel 10' can consist e.g. of a bottom pé.rt of a
filter for fly ash from a high pressure fluidized bed reactor
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or it can be a part of the removal system for bottom ash from
a fluidized bed reactor. In the former case the ash 12
collected in the supply vessel is powdered, Compressible: fly
ash, whereas in the latter case the ash could be coarse, The
quality of the ash to be conveyed has to be conslidered when
choosing the embodiment and the method, by which the system
according to the present invention i1s applied. ' '

In the supply vessel the ash temperature is typically 400 -
1200 °C and for precooling the ash the vessel can be provided
with heat exchange surfaces 14, e.g. heat exchange pipes, in
which water or steam circulates.

The ash 18 conveyed in a tubular conveyor line 20, in which a
heat exchange surface could be arranged, e.g. a sleeve 22
covaring the line at least partly and having means 24, 26 for
the recilrculation of heat exchange medium, &.¢g. water or
steam. By the healt exchange surfaces 22 the ash temperature
can be reduced, e.g. to 150 - 300 °C.

It is possible to arrange means 16 for the introduction of
fluidizing gas, e.g. air, at the bottom of the supply vessel.
These can prevent the clogging of¢ the lower part of the
collecting vessel deriving from the arching of ash. Further,
fluidizing air can be mixed in the carrier gas used in the
conveyance, and reduce 1lts dew point. Thus the clogging of

the conveyor line due to moistening as the result of ash
cooling can be prevented. ' '

In Fig. 1 the conveyor line 20 starts below the supply
vessel, turns upwards after the horizental section and leads
again horizontally above the collecting vessel 30, In
practice, the conveyor line can consist of parts with any
desired position. To avoid the clogging of the line it could
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be occasionally or continuously necessary to add small
quantities of carrier gas 28, e.g. air, to some points of the

line, especially to the bent sections.

e,

The ash conveyor line 20 ends i1n the collecting vessel 30, to
which a discharge conduit 50 for carrier gas 1s attached. The
conveyor line 20 1s preferably formed of an extension part 32

extending slightly into the collecting vessel and directing

the ash towards the bottom of the collecting vessel 30 thus

reducing the probability of the ash being entrained with the

gas to the discharge conduit 50. The collecting vessel 30 1is

also formed so as to reduce the speed of the carrier gas
essentially when flowing from the extension part 32 of the

conveyor line 20 to the collecting wvessel. Thus the

collecting vessel serves as a settling chamber for ash

separating a substantial part of the ash conveyed by the

carrier gas.

In the embodiment according to Fig. 1 the discharge conduit

50 1s provided with a filter 52 and a control wvalve 54 for

controlling the flow rate of the discharged carrier gas 56.

The discharge condult leads preferably to the open air or to

a space essentilially at atmospheric pressure. If the pressure
of the receiving vessel differs from the atmospheric
pressure, 1t 1s preferable to draw the discharge conduit 50
to a space essentially at the same pressure as the receiving

vessel.

As ash can be entrained with the carrier gas to the filter

52, the filter 1s provided with means 60 for cleaning the

filter by giving intermittent gas pulses to the clean side

thereof.
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In the embodiment according to Fig. 1 the collecting vessel

30 is arranged immediately above the receiving vessel 40. The
collecting vessel 30 1is separated from the receiving vessel
40 by a gas tight wvalve 34. There 1s also a gas tight wvalve

36 between the collecting vessel 30 and the conveyor line 20.

The present invention 1s characterized 1n that the gas
discharge speed 1s adjusted by a control wvalve 54 so as to
convey ash in the line 20 as a dense suspension the flow rate
of the carrier gas being less than 5 m/s. Thus the erosion
and consumption of carrier gas caused by the conveyance are
relatively insignificant. Valve 34 is shut and wvalve 36 1is
open during the conveyance. It 1s to be noted that wvalve 36
is not used for controlling the conveying speed of the ash or

for stoppling thereof.

In the technical solution according to Fig. 1 a wvalve 18 1is
also arranged between the supply vessel 10 and the conveyor
line 20. The system may 1include such a wvalve and possibly
even other wvalves not marked in the figure, as they do not
have any significance from the viewpoint of the present

invention. Valve 18 could be needed e.g. when maintalining the

system, but in normal operation the valve 1is open.

When the 1level transmitter 38 attached to the collecting

vessel 30 indicates that the collecting wvessel 1s about to

get filled, the ash conveyance 1s stopped. The carrier gas

flow is stopped by shutting valve 54. When the ash convevyance
is stopped, valve 36 1s shut. After this, wvalve 54 1is
reopened and the pressure of the collecting vessel i1is allowed
to fall so that 1t i1s essentially the same as the pressure of
the receiving vessel and the ash can fall down into the

receliving vessel by opening the valve 34.
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To restart the ash convevance, valve 34 1is shut, wvalve 36 1is

opened and the ash flow rate 1s adjusted by wvalve 54 to a

desired value. To protect wvalve 36, 1t could be necessary to
raise the pressure of the collecting vessel essentially to
the same level as that of the supply vessel 10. This can
preferably be performed by using a system 60 producing
cleaning pulses for the filter 52 of the discharge conduit
50. Simultaneously, the filter 1s also cleaned from ash

possibly collected on 1ts surface at the preceding filling

stage of the collecting vessel. The receiving vessel can be
provided with heat exchange surfaces 44 for the final cooling
of the ash as well as with an opening for ash discharge 46 in

the bottom of the vessel.

The ash conveyance system according to the present invention

1s preferably used intermittently also between the discharges
of the collecting vessel 30 so that the temperature T; of the

ash entering the collecting vessel 30 at the end of the

conveyor line 20 and the pressure difference Ap between the

supply vessel and the collecting vessel are monitored. When

Ty or Ap 1s not within the predetermined 1limits, the

discharge of carrier gas and the ash conveyance are stopped

by valve 54. Sometimes 1t could be sufficient to perform the

ash conveyance 1n a predetermined way intermittently. The ash
convevance can also be stopped when 1t 1s detected that the
volume  of ash 1n the supply vessel falls Dbelow a

predetermined level.

Fig. 2 schematically 1llustrates the outlet end of the ash

conveyilng system according to a second preferred embodiment

of the present 1invention. There the collecting wvessel 130,
receliving vessel 140, wvalves 136 and 134 and the parts

missing 1n the figure are similar to those in the embodiment
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according to Fig. 1. The operational principle of this
embodiment is also asimilar to that of the embodiment

according to Fig. 1,

The second preferred embodiment according to Fig. 2 differs
from the first preferred embodiment according to Fig. 1 in
that the ~discharge conduit for «carrier gas is in
communication with the receiving vessel 140, Thus also the
ash entrained with the carrier gas is led to the recelving
vassel 140, Naturally, when using the second preferred
embodiment according to Fig. 2, the receiving vessel has to
be provided with a discharge conduit 162 for gas, e.g. to the
open air, and a filter preventing the ash from being
entrained out with the gas.

In the embodiment according to Fig., 2 the dischai‘ga conduit
is divided into .thrée parallel cdndu;i.ts 150, 150’ and 15077
joining to one conduit 160 before i_each‘ing the receiving
vessel 140. As the ash entrained with the carrier gas could
dete;‘iorate' the operational condition_*of the control ,vélve,
the control valve 54 of Fig. 1 has been replaced by steadier

shut-off valves 154, 1547, 154'" and critical openings 158,

1587, 158’', like or unlike each other, restricting the .gas
flow. Naturally the number of parallel conduits can also be
different from three,

In the embodiment according to Fig, 2 the ash conveying speed
can be controlled by opening a necessary number of the shut-
off valves 154, 154’, 1547’ , Tf ash 1s conveyead periodioally,'
the extent of the conveyance can also be reguléted by
changing the duration of the periods, whér_gby it is not
necassary to have more than one discharge conduilt, shut-off
valve and critical bpening. |
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Fig. 3 schematically i1illustrates the outlet end of the ash

conveying system according to a third preferred embodiment of

the present invention. In this embodiment the collecting

vessel 230 at the end of the conveyor line 1s narrow and

high, even though 1ts diameter 1s larger than that of the

conveyor line. The proportion of the height of the collecting

vessel to 1ts diameter 1s preferably at least 5, most

preferably at least 10.

When conveying ash, an ash column 1s maintained in the

collecting vessel extending preferably at least to the center
part of the vessel. In the embodiment according to the figure
the ash flow 1s regulated by a discharge conduit 250 for

carrler gas attached to the center part of the collecting

vessel, in which conduit the volume of carrier gas 256 can be
regulated by a valve 254. At the end of the discharge conduit
closest to the collecting vessel 1s arranged a filter 252
preventing the ash from entering the discharge conduit 250.
When the filter is disposed according to the figure inside
the ash column flowing downwards, the moving ash
simultaneously cleans the outer surface of the filter and

prevents the filter from being clogged up.

Another advantage gailined by arranging the first end of the
discharge conduit i1n the area of the ash column is that the
portion of the ash column above the joining point of the
discharge conduit also acts as a restrictor for the carrier
gas flow. Thus the ash conveyance 1is partly self-adjusting as
the high ash column slows down the gas flow and reduces or
even stops the ash conveyance, when the collecting vessel is

apout to get filled.

The discharge conduit 250 can also be arranged in the upper

part of the collecting vessel, whereby 1t functions in the
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same way as the discharge conduit according to the first
preferred embodiment in Fig. 1. It is also possible to

connect the discharge conduit 250 to the lower part of the

collecting vessel 230, whereby_the flow regulating effect of

the ash column is at its highest.

Fig. 3 also shows another discharge conduit 260 for gas
provided with a filter 262 and a control valve 264. The
purpose of the discharge conduit 260 is to let the carrier
gas 266 discharged from the lower part of the collecting

vessel enter the open air without any particular obstruction,

i.e. during the ash conveyance valve 264 does not essentially

limit the gas flow. Thus the lower part of the collecting

vessel 230 reaches the atmospheric pressure and the ash 272

can be easily removed from the lower part of the collecting

vessel to the receiving vessel, e.g. by using a rotary feeder
270. The discharge apparatus for ash at the bottom of the
collecting vessel can also be another, e.g. a conveyor screw
or an L-valve. Pressure adjusting in the COllecting vessel

can also be praticed in many steps, whereby more than the

- mentioned two discharge conduits for gas are disposed in the

collecting vessel.

Fig. 3 also shows a level transmitter 238 provided 1in the
upper part of the collecting vessel, and an apparatus 258 for
feeding high pressure cleaning pulses to the filters 252 and

262 . The collecting-vessel can also be used so that the upper

surface of the ash column is continuously maintained on a

desired predetermined level by 'using a rotary feeder 270.
Another possibility is to use a rotary feeder intermittently,

whereby the ash level remains within certain predetermined

limits.
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When starting the ash treatment system according to Fig. 3,

e.g. sand can be fed to the collecting wvessel through a

separate conduit not shown in Fig. 3, whereby a sand column

restricts the gas flow at the starting stage.

The 1invention has jJust Dbeen described in connection with
embodiments that are presently considered as the most

preferable, but 1t must, however, Dbe understood that the

invention 1s not limited to these embodiments only, but it

also covers a number o0f other arrangements within the scope

7]

of invention determined by the patent claims below. .g. a
plurality of ash conveyor 1lines can lead 1into the same

collecting vessel.
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Claims

1. Method of convejzing particulate material containing

reaction products of a high pressure reactor, from a supply

5 vessel at a pressure of at least 2 bar to a receiving vessel

at a considerably lower pressure, by using an apparatus

comprising a con\}-eyor line attached to the supply .Vessel and a

collecting vessel between the conveyor line and the receiving

vessel, where saild collectihg vessel comprises a discharge

10 conduit for carrier gas' and means to control the discharge
-rat:e' of the carrier gas, said method comprising the step of

(a) conveying particulate material from the supply wvessel

to the 'collecting vessel pneumatically by using the "gas

exiting the reactdr as a carrier gas, and controlling the

15 discharge rate of the carrier gas to control the pressure in

the collecting vessel and the flow rate of the particulate

material in the conveyor line,

characterized in that in step (a) material 1s conveyed from

the supply wvessel to the co‘llecting vessel ess.entially at the

20 same pressure é.s is prevailing in the supply vessel, and that

‘ the method comprises the further steps of ' '

(b) reducing pressure of the material collected in the

- collecting vessel, and '

(c) conveying materia_l' from the collecting vessel

25 directly to the receiving vess'el essentially at the same

pressure as is prevailing in the receiving vessel.

2. Method o:f conveying particulate material according to claim
1, charact‘er‘ized in that step (a) 1s practiced by conveying
30 particulate material as a dense suspension the flow rate of

‘the carrier gas in the conveyor line being less than 5 m/s and

the pressure drop 0.1 - 1.0 bar.
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3. Method of conveying particulate material according to claim

1, characterized in that the temperature of the particulate

material 1in the supply wvessel 1is 400 - 1200 ©°C and the
conveyor line 1s provided with heat exchange surfaces, by
which the temperature of the particulate -mat_:erial in step (a)

" is reduced to less than 300 °C.

4. Method of conveying particulate material according to claim

'3, characterized in that the pa'rticulate material 'in the

supply vessel is fluidized by air that is mixed in the carrier

gas decreasing the dew point thereof.

5. Method of conveying particulate material according to claim
1, characterized in that a filter 1s arranged in the discharge
conduit for carrier gas, the means to control the flow rate of
the gas 1includes a control va_lve downstream from the filter,
and 1in step (a) the carrier gas 1s disqharged from the
collecting vessel to a space at the ‘pressure which 1is

essentially the same as is prevailing in -thé receiving vessel.

6. Method of conveying particulate material according to claim

1, characterized in that the carrier gas 1is discharged from

the collecting vessel to the receiving vessel in step (a).

7. Method of conveying particulate material according to claim

6, characterized in that more than one parallel lines for the
discharge of carrier gas are pro*'vided between the collecting
vessel. and the receiving vessel, ‘which lines are provided with
a constantly open flow restricting element and a shut-off
valve, and the control of. the discharge velocity 1s performed

by opening and shutting the shut-off valves.
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8. Method of conveying particulate material according to claim
7, characterized in that the flow restricting elements are

easlily changeable.

9. Method of comfeyin_g particulate material according to claim
5, characterized in that the collecting wvessel has an
elongated_form and it 1s arranged in a vertical position, and
a column of particulate material is maintained in the
collecting vessel, and the discharge conduit for carrier gas
is attached to the collecting ﬁ{ressel at the bottom section of

the particulate material column.

lO Method of conveying particulate material according to
claim 9, characterized in that more than one discharge conduit
for carrier gas are provided and 'these are -attached to the
collecting wvessel at various levels of the particulate

material column.

11. Method of conveying particulate material according to

claim 9, characterized in that the pressure in the bottom

‘section of the particulate material column is approximately

the same as is prevailing in the receiving vessel and step (c)

is practiced intermittently or continuously from the bottom

section of the collecting vessel.

'12. Method of conveying particulate material according to

claim 1, characterized 1in that a gas tight inlet wvalve 1is

disposed in the conveyor line before the collecting vessel and
a gas tight discharge valve is disposed between the collecting

vessel and the recelving vessel, and steps (a) — (c) are

practiced in alteration steps (b) and (c¢) comprising the sub-

steps of:
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(bl) stopping the discharge of carrier gas from the collecting
vessel by using the means to control the carrier gas flow,
whereby the conveyance of particﬁlaté material is stopped;
(b2) closing the shut-off valvebefore the collecting vessel:

5 (b3) alloWing the discharge of carrier gas from the collecting
vessel until'the pressure in the collecting vessel has drdpped
approximately to the same 1level as the pressure of the

receiving vessel;

(cl) opening the discharge valve and conveying the particulate

10 material from the collecting vessel to the receiving vessel;

and

(c2) closing the discharge valve, opening the inlet wvalve and

returning to step (a).

15 13. Method of conveying particulate material according to

claim 1, characterized in that the collecting vessel 1is

disposed above the receiving vessel and in step (c) the

particulate material is allowed to fall down to the receiving

vessel.
20
14. Method of conveying particulate material according to

claim 1, characterized in that in step (a) the flow rate of

the carrier gas 1is periodically changed by stopping the
conveyance for a predetermined time at regular intervals or
25 when the pressure in the collecting vessel or the temperature

of the material entering the collecting vessel is not within

predetermined limits.

15. Apparatus for pneumatic conveying of particulate mater‘ial
30 containing reaction products of a high pressure reactor from a
supply vessel at a pressui'e of at least 2 bar to a receiving
vessel at a considerably lower pressure, said apparatus

comprising a conveyor line attached to the supply vessel and a

collecting vessel between the conveyor line and the receiving
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vessel, where said collecting vessel comprises a discharge
conduit for carrier gas and means to control the discharge
velocity of the carrier gas from the collecting wvessel,
characterized in that the collecting vessel comprises means to
control the pressure of the material collected 1in the
collecting vessel, and sailid apparatus comprises means for
conveying the material directly from the collecting vessel to
the receiving vessel essentially at the same pressure as 1is

prevailing in the receiving vessel.

16. Apparatus' for conveying particulate material according to
claim 15, characterized in that heat exchange surfaces are
disposed in the conveyor line.

17. Apparatus for conveying particulate material according to
claim 16, characterized in that elements‘_ for fluidizing the
particulate material are disposed in the supply vessel in such
a way that air ‘used for the fluidization is mixed in the

carrier gas thus decreasing the dew point of the carrier gas.

18. Apparatus for conveying particulate material according to
claim 15, characterized in that a filter is disposed in 'the
discharge conduit for carrier gas, the means to control the
flow rate of the carrier gas including a control wvalve 1s
arranged downstream from the filter, and the discharge conduit

for carrier gas is in flow communication with the open air,

19. Apparatus for conveying particulate material according to
claim 15, characterized in that the discharge conduit for
carrier gas 1is in flow communication with the receiving

vessel.

20. Apparatus for conveying particulate material according to

claim 19, characterized in that more than one parallel lines




10

15

20

23

30

MR | B R I B

CA 02376945 2002-07-22

26

for the discharge of carrier gas are provided between the
collecting vessel and the receiving vessel, which lines are
provided with a constantly open flow restricting element and a

shut-off wvalve.

21. Apparatus for conveying particulate material according to
claim 20, characterized in that the flow restricting elements

are easily changeable.

22 . Apparatus for conveying particulate ma.ter‘ial according to
claim 15, characterized in that the collecting vessel has an
elongated form and it is disposed in a vertical position, and

the discharge conduit for carrier gas 1is attached to bottom

‘section of the collecting vessel.

23. Apparatus for conveying particulate material according to
claim 22, characterized in that more than one discharge
conduit for carrier gas are provided and these are attached to

the collecting vessel at various levels.

24. Apparatus for conveying particulate material according to
claim 15, characterized in that a gas tight valve is disposed
in the conveyor line before the collecting ves‘se'l and between

the collecting vessel and the receiving vessel.

25. Apparatus for conveying particulate material according to
claim 15, characterized in that the collecting vessel 1is
disposed above the receiving vessel and a valve is arranged

between the 'véssels, through which valve the particulate

material may fall down to the receiving vessel.
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