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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to an apparatus
for removing solid particles from gases. In many indus-
trial processes, particularly elevated or high tempera-
ture, high pressure procedures, gaseous streams are
obtained containing solid particles which must be re-
moved before the gaseous streams may be used, treat-
ed further or released. For example the ordinary com-
bustion of coal produces an effluent gas containing fly-
ash particles which cannot be released into the atmos-
phere. Similarly, the gasification or partial oxidation of
coal often produces a product gas stream which, after
bulk removal of solids, contains from 0.1 percent to 4.0
percent by weight, based on the total weight of the gas
and solids, of various solid particles which comprise fly-
slag or flyash and, in some cases, unburned coal. Fluid
catalytic cracking (FCC) processes also produce gase-
ous streams containing catalyst fines which cannot be
allowed to contaminate the environment. Other proc-
esses which make use of apparatuses to clean gas are
Pressurised Fluid Bed Combuster (PFBC) and Inter-
grated Gasification Combined Cycle (IGCC) coal based
power systems.
[0002] When filtering hot gases at high temperatures
filter elements of a ceramic type of many different em-
bodiments are used today. In one embodiment filters
may be composed of a large number of filter elements
in a large filter container. This container is provided at
its upper part with an outlet for cleaned gases and at its
lower part with a collection space for solids separated
in the filter and fallen down from the filter elements. Un-
cleaned gas enters the space below the filter elements
at the lower side of the container. The filter elements
may be suspended from a plate, provided with open-
ings, in the upper part of the container where the plate
supports the individual filter elements. Each opening in
the plate is equipped with a filter element suspended
below the opening. The filter element, sometimes re-
ferred to as filter candles, cleans the gases which flow
through the filter element and further out through that
opening in the plate which is associated with the respec-
tive filter element. The gas above the plate is thus freed
from solids and brought to the outlet of the filter contain-
er. Solids from the uncleaned gas will adhere to the out-
side of the different filter elements. These solids will
loosen when a gas is brought to pass through the filter
elements in reverse direction during periodically recur-
ring cleanings of the filter element, also referred to as
backflushing. The solids from the collection space can
be discharged at the lower part of the container.
[0003] Ceramic materials included in the filter ele-
ments of the kind described above have a stochastic
composition from the point of view of strength, which is
caused by the fact that in each produced ceramic com-
ponent imperfections exist in the internal structure of the

ceramic. This may lead to breakage of the component
if it is subjected to stress, for example in the form of tem-
perature transients.
[0004] In a filter with many filter elements, sometimes
up to 800, there is always a risk that one or more filter
elements will break. The consequence of this breakage
of the filter element is that a certain part of the gas, that
part which passes through the broken filter element, is
admitted through this element in uncleaned state. In
some applications the loss in separation efficiency due
to the fact that only one or a small number of the filter
elements break could be acceptable. For example a
dust loading of between 2000-20000 ppm at the time of
filter failure can be tolerated. The problem however is
that solid particles present above the plate, as a result
of the failure of one of the filter elements, will enter the
downstream or clean end of the non-broken filter ele-
ments. Solids will enter the downstream or clean side of
the non-broken filter elements due to entrainment the
solids by the backflush gas. The solids will foul the clean
side of the non-broken filter elements causing them to
plug, resulting in that the whole filtering apparatus or fil-
ter bank becomes ineffective as filtering means.
[0005] Various apparatuses have been described
which aim at ensuring that no solids will pass the broken
filter elements or a group of elements comprising one
or more broken elements. Such apparatuses are for ex-
ample described in EP-A-551951 and EP-A-642377. No
apparatuses have been described which allow some
solids to pass the filter container as a whole and simul-
taneously ensure that the majority of the non-broken fil-
ter elements are not plugged by the solids which pass
the broken filter elements. The present invention aims
at providing such an apparatus.

SUMMARY OF THE INVENTION

[0006] The present invention provides an apparatus
for filtering solid particles from a fluid containing solid
particles, comprising a filter container, a plate provided
with openings across the filter container such that the
plate divides the container in an upper and lower space
and a number of filter elements extending under the
openings, wherein a plurality of outlet conduits are
present which are in fluid communication with one or
more filter elements, said outlet conduits having an out-
let opening which is in fluid communication with the up-
per space and wherein around said outlet conduit a cap
is present, which cap is closed at the top and open at
the bottom and is provided with means for supplying a
backflushing fluid for removing solid particles from said
filter elements and wherein the volume between the cap
and the outlet conduit is sufficiently large to ensure that
predominately only the clean gas between cap and out-
let conduit is entrained by the backflushing fluid into the
filter element when removing solid particles.
[0007] The present apparatus provides a robust and
simple design for filtering solids wherein the pressure
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drop of the apparatus is low. A further advantage is that
the apparatus can be easily integrated into existing filter
system designs in terms of seals, gaskets, fixtures and
assemblies. Breakage of one or more filter element will
not result in that all filter elements become plugged and
cease to function as a filtering device. In normal opera-
tion the volume between the cap and the outlet conduit
will be occupied by the cleaned gas leaving the filter el-
ement. This will also be the situation for the caps of the
non-broken filter elements when one or more other filter
elements break and cease to function as a filtering de-
vice and solids accumulate in the upper space. With the
present apparatus the chances that these solids enter
the non-broken filter elements when the apparatus is
regularly backflushed are small. This is because when
backflushing only the clean gas which is present be-
tween the cap and the filter outlet conduit of the non-
broken filter element(s) will be entrained into the 'clean'
or downstream side of the non-broken filter element.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 illustrates a filter apparatus according
to the present invention. FIG. 2 shows a detail of the
outlet conduit and cap in a possible embodiment of the
invention. FIG. 3 shows an embodiment in which several
filter elements are in fluid communication with one outlet
conduit and associated cap.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0009] Figure 1 shows an apparatus according to the
invention, comprising a filter container (1), a plate (2)
provided with openings (3) across the filter container (1).
The plate (2) divides the container (1) in an upper (4)
and lower (5) space and a number of filter elements (6)
extending under the openings (3). A plurality of outlet
conduits (7) are present which are in fluid communica-
tion with one or more of the filter elements (6). The outlet
conduits (7) have an outlet opening (8) which is in fluid
communication with the upper space (4). Around said
outlet conduit (7) a cap (9) is present. Cap (9) is provided
with means (10) for supplying a backflushing fluid for
removing solid particles from said filter elements (6).
The volume between the cap and the outlet conduit (7)
is sufficiently large to ensure that predominately only the
clean gas present between cap (9) and outlet conduit
(7) is entrained by the backflushing fluid into the filter
element (6) when removing solid particles. The contain-
er (1) is further provided with a gas outlet conduit (11)
to discharge the cleaned gas from the upper space (4)
and an gas inlet conduit (12) to supply the gas-solids
mixture to lower space (5). The container (1) is also
equipped with a solids outlet opening (13) at the lower
end (14) of the lower space (5).
[0010] The outlet conduit (7) preferably has an outlet
opening (8) directed in an upwardly direction. The cap

(9) preferably has an opening in a downwardly direction.
The height and diameter of the cap should be sufficiently
large to accommodate a volume of gas that will be en-
trained into the clean side of the filter element when the
filter element is backflushed. The cap may have a tube
shape which is closed at the top and open at the bottom.
The closed end is preferably provided with means (10)
for backflushing, wherein means (10) are so placed that
the direction of the backflushing gas is such that it easily
enters the clean side of the filter element.
[0011] The filter elements are suitably vertically
placed hollow tubes which are closed at the lower end
protruding in the lower space (5) of the filter container
(1) and open at the upper end to allow the clean gas to
enter the upper space (4) of the filter container (1).
These elements (6) are sometimes referred to as filter
candles.
[0012] Figure 2 shows a detail of the gas outlet con-
duit showing the upper end of a filter element (6) in fluid
communication with the outlet conduit (7) protruding
plate (2) through opening (3). Around conduit (7) a cap
(9) is present provided with means (10) to supply back-
flushing gas. The direction of the backflushing gas outlet
of means (10) must be located so that the gas is directed
into the filter element. An example of a backflushing gas
is nitrogen.
[0013] Figure 3 shows an embodiments in which five
filter elements (6) are in fluid communication with one
outlet conduit (7). Around outlet conduit (7) a cap (9) is
present provided with means (10) to supply backflush-
ing gas. In order to arrive at the benefits of the present
invention it will be apparent that a filter container will
have more than one outlet conduits (7) and its associ-
ated filter elements (6). Embodiments in which 2-60 filter
elements (6) are combined with one outlet conduit (7)
are possible.
[0014] In the above description of the filter container
it appears that the orientation of the filter container, filter
means and plate has the orientation as presented in Fig-
ure 1. It must be understood that the advantages of the
invention are also obtained when the apparatus is used
under an angle to even horizontally oriented in which
the plate is placed vertically and the upper space (4) and
lower space (5) are located next to each other.
[0015] The particular type of filter element or elements
employed in the invention is a matter of choice. Howev-
er, the invention is particularly adapted to high temper-
ature use. Thus, the primary filter element or filter ele-
ments employed may be composed or constructed of
material suitable for pressure or vacuum service which
may include high temperature service. "High tempera-
ture service" in the context of the invention, refers to
temperatures of perhaps 100 °C to 1500 °C, advanta-
geously 200 °C to 650 °C. The operating pressure may
be between 1 to 50 bars or greater. In general, a cylin-
drically-shaped filter element made of rigid or flexible,
felted or non-felted, multiple or single layer material fab-
ric or porous, monolithic (ceramic, metal, or plastic) sub-
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stances may be used. The spacing between the filter
elements is a function of the particulate concentration
of the fluid-particulate mixture.
[0016] The invention is also related to the following
process: Process for removing solid particles from a gas
containing solid particles, by alternately passing

(a) the gas from an upstream space over a plurality
of filter elements to a downstream space via an out-
let opening of the filter elements fluidly communi-
cating with said downstream space, and
(b) supplying a backflushing fluid to the outlet open-
ing of an individual filter element, wherein the back-
flushing fluid entrains part of the cleaned gas ob-
tained in said filter element in step (a) before pass-
ing the individual filter element to the upstream
space thereby removing solid particles from said fil-
ter element.

[0017] In case of the failure of one individual filter el-
ement in the above process more solids will be present
in the downstream space. This will however not result
in that more solids will enter still functioning filter ele-
ments from the downstream space when backflushing.
This is because only gas will be entrained by the back-
flushing fluid which has just passed said still functioning
filter element. Preferred conditions of the process are
as described in this specification. Preferably the above
process is performed in the apparatus according to the
invention, wherein the upstream part corresponds with
the lower space and the downstream part corresponds
with the upper space of said apparatus.
[0018] The gas chemistry can either be oxidizing, as
for example in a PFBC process or reducing, as for ex-
ample in a IGCC process. The nominal gas flow through
one filter element, i.e. filter candle, is preferably be-
tween 10-100 actual cubic foot per min.
[0019] The apparatuses according to the invention
can be suitably used to remove solids, for example char,
from gaseous process streams containing for example
up to 4 percent by weight of solids to obtain a cleaned
gas containing preferably between 0 and 2 ppm. Suita-
ble processes in which the apparatus can be used are
Fluidized Catalytic Cracking (FCC) processes, Coal
Gasification processes, Pressurised Fluid Bed Com-
buster (PFBC) and Intergrated Gasification Combined
Cycle (IGCC) coal based power systems.

Claims

1. An apparatus for removing solid particles from a gas
containing solid particles, comprising a filter con-
tainer (1), a plate (2) provided with openings (3)
across the filter container (1) such that the plate (2)
divides the container (1) in an upper (4) and lower
(5) space and a number of filter elements (6) ex-
tending under the openings (3), wherein a plurality

of outlet conduits (7) are present which are in fluid
communication with one or more filter elements (6),
said outlet conduits (7) having an outlet opening (8)
which is in fluid communication with the upper
space (4) and wherein around said outlet conduit
(7) a cap (9) is present, which cap (9) is closed at
the top and open at the bottom to the upper space
(4) and is provided with means (10) for supplying a
backflushing fluid for removing solid particles from
said filter elements (6) and wherein the volume be-
tween the cap (9) and the outlet conduit (7) is suffi-
ciently large to ensure that predominately only the
clean gas between cap (9) and outlet conduit (7) is
entrained by the backflushing fluid into the filter el-
ement (6) when removing solid particles.

2. Apparatus according to claim 1, wherein between
2-60 filter elements (6) are in fluid communication
with one outlet conduit (7).

3. Process for removing solid particles from a gas con-
taining solid particles in an apparatus according to
any one of claims 1-2, by alternately passing

(a) the gas from an upstream space over a plu-
rality of filter elements to a downstream space
via an outlet opening of the filter elements flu-
idly communicating with said downstream
space, and
(b) supplying a backflushing fluid to the outlet
opening of an individual filter element, wherein
the backflushing fluid entrains part of the
cleaned gas contained in a cap that covers said
filter element in step (a) before passing the in-
dividual filter element to the upstream space
thereby removing solid particles from said filter
element.

4. Process according to claim 3, wherein a gas con-
taining up to 4 weight percent solids is cleaned to
obtain a gas containing between 0 and 2 ppm sol-
ids.

Patentansprüche

1. Vorrichtung zum Entfernen von Feststoffteilchen
aus einem Feststoffteilchen enthaltenden Gas, mit
einem Filterbehälter (1), einer mit Öffnungen (3)
versehenen Platte (2), die sich quer über den Filter-
behälter (1) erstreckt, derart, daß die Platte (2) den
Behälter (1) in einen oberen Raum (4) und einen
unteren Raum (5) unterteilt, und eine Anzahl von
Filterelementen (6), die sich unter den Öffnungen
(3) erstrecken, wobei eine Vielzahl von Auslaßlei-
tungen (7) vorhanden ist, die in Fluidverbindung mit
einem oder mehreren Filterelementen (6) stehen,
wobei die Auslaßleitungen (7) eine Auslaßöffnung
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(8) haben, die in Fluidverbindung mit dem oberen
Raum (4) stehen, und wobei um diese Auslaßlei-
tung (7) eine Kappe (9) vorhanden ist, welche Kap-
pe (9) an der Oberseite geschlossen und an der Un-
terseite offen zum oberen Raum und mit Mitteln (10)
zum Zuführen eines Spülfluids versehen ist, um die
Feststoffteilchen aus den Filterelementen (6) zu
entfernen, und wobei der Raum zwischen der Kap-
pe (9) und der Auslaßleitung (7) ausreichend groß
ist, um sicherzustellen, daß vorwiegend nur das
Reingas zwischen der Kappe (9) und der
Auslaßleitung (7) vom Spülfluid in das Filterelement
(6) mitgerissen wird, wenn die Feststoffteilchen ent-
fernt werden.

2. Vorrichtung gemäß Anspruch 1, bei welcher zwi-
schen 2-60 Filterelemente (6) in Fluidverbindung
mit einer Auslaßleitung (7) stehen.

3. Verfahren zum Entfernen von Feststoffteilchen aus
einem Gas, das Feststoffteilchen enthält, in einer
Vorrichtung nach einem der Ansprüche 1-2, durch
abwechselndes Hindurchleiten

(a) des Gases von einem stromaufwärtigen
Raum über eine Vielzahl von Filterelementen
zu einem stromabwärtigen Raum über eine
Auslaßöffnung der Filterelemente, die in Fluid-
verbindung mit dem stromabwärtigen Raum
steht, und

(b) Zuführen eines Spülfluids zur Auslaßöff-
nung eines einzelnen Filterelementes, wobei
das Spülfluid einen Teil des gereinigten Gases
mitreißt, das in einer Kappe enthalten ist, wel-
che das Filterelement im Schritt (a) enthält, be-
vor es das einzelne Filterelement zum strom-
abwärtigen Raum passiert, wodurch die Fest-
stoffteilchen von dem Filterelement entfernt
werden.

4. Verfahren gemäß Anspruch 3, bei welchem ein
Gas, das bis zu 4 Gew.-% an Feststoffen enthält,
gereinigt wird, um ein Gas zu erhalten, das zwi-
schen 0 und 2 ppm an Feststoffen enthält.

Revendications

1. Appareil pour éliminer les particules solides d'un
gaz contenant des particules solides, comprenant
un réceptacle filtre (1), une plaque (2) munie
d'ouvertures (3) en travers du réceptacle filtre (1)
de sorte que la plaque (2) divise le réceptacle (1)
en un espace supérieur (4) et un espace inférieur
(5) et un certain nombre d'éléments filtrants (6)
s'étendant en dessous des ouvertures (3), dans le-
quel il y a une pluralité de conduits de sortie (7) qui

sont en communication de fluide avec un ou plu-
sieurs éléments filtrants (6), lesdits conduits de sor-
tie (7) ayant une ouverture de sortie (8) qui est en
communication de fluide avec l'espace supérieur
(4) et dans lequel il y a autour dudit conduit de sortie
(7) une coiffe (9) qui est fermée au-dessus et ouver-
te au-dessous vers l'espace supérieur (4) et est mu-
nie de moyens (10) pour acheminer un fluide de rin-
çage pour éliminer les particules solides desdits
éléments filtrants (6) et dans lequel le volume entre
la coiffe (9) et le conduit de sortie (7) est suffisam-
ment grand pour s'assurer que seul le gaz épuré
entre la coiffe (9) et le conduit de sortie (7) soit prin-
cipalement entraîné par le fluide de rinçage dans
l'élément filtrant (6) lors de l'élimination des particu-
les solides.

2. Appareil selon la revendication 1, dans lequel 2 à
60 éléments filtrants (6) sont en communication de
fluide avec un conduit de sortie (7).

3. Procédé pour éliminer les particules solides d'un
gaz contenant des particules solides dans un appa-
reil selon l'une quelconque des revendications 1 et
2, en faisant passer tour à tour

(a) le gaz d'un espace amont sur une pluralité
d'éléments filtrants à un espace aval via une
ouverture de sortie des éléments filtrants en
communication de fluide avec ledit espace
aval, et
(b) en acheminant un fluide de rinçage à
l'ouverture de sortie d'un élément filtrant indivi-
duel, où le fluide de rinçage entraîne une partie
du gaz épuré contenu dans une coiffe qui re-
couvre ledit élément filtrant à l'étape (a) avant
de le faire passer à travers l'élément filtrant in-
dividuel dans l'espace amont en éliminant ainsi
les particules solides dudit élément filtrant.

4. Procédé selon la revendication 3, dans lequel un
gaz contenant jusqu'à 4 pour-cent en poids de so-
lides est épuré pour obtenir un gaz contenant 0 à 2
ppm de solides.
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