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tion relates to an apparatus including a nunber of separate I cal

d filter assenblies for filtering out particulate natgrlal JY@éEﬁ Y,,//
preddt er mi ned mini num size froma carrier fluid produced by e.g. parf)al)
combustiQn processes. In particular, the.invention relates to a hlgh

pressjure 'high tenperature filter unit design such as applied .in coal
ga5|f|cat|on where entrai ned solids such as ash are renoved fromIpébtced
synthesis gas via filtration with ceram c candles at tenperatures of about

100- 8400 [err] and-such as applied in_oil ?asification for renoval of dry

soot fvia filtration with ceranic cafdlEATION MODULE

The invention relates to an apparatus including a number of -
separate vertically tiered filter assemblies for filtering out
particulate material of a predetermined'minimum size from a carrier
fluid produced by e.g. (partial) coﬁbustion processes.

5 In particular, the invention relates to a high pressure high
temperature filter unit design such as applied in coal gasification
where entrained solids such as ash are removed from produced
sYnﬁhesis gas via filtration with ceramic candles at temperatures
of about 100-800 °C and such as applied in oil gasification for

10 removal of dry soot via filtration with ceramic candles at
pressures till about 60 bar.

A known method of separating particulate material'from flue
gases produced by combustion and other such processeé utilizes
porous filter elements which may comprise a multiplicity of filter

15 tubes supported in parallel relationship to one another by a common
support pléte or tube sheet as it is often called. Flue gases are
'_geﬁerally quite hot, for example 150 °C, and are typically aé
atmospheric pressure. Under these conditions,.the filter tubes are
typically made of polyester, acrylic or glass. For pressﬁrized
20 fluid bed combustion the résultant gases can be as high as 900 °C
at gas pressures from 5 to 15 times atmospheric pressure, in which
case the filter tubes are constructed of porous ceramic or rigid
sintered porous stainless steel. The particles to be captured by
the different tubes vary in size from 0.2 microns to 20 microns and
25 can weigh in total up to 10 parts per thousand of the weight of gas
or more. When the deposit of dust on a filter element increases to
2 or 3 mm, the pressure drop steadily rises and the elements must
~ be cleaned by shaking the tubes, by reversing gas flow or by means

of applying high pressure gas pulses through the filter tubes.
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~at presswes till about 60 bar. A known nethod of separating particul ate
materqfal from flue gases produced by conbustion and ot her such processes
utili kes porous filter elements which nay conprise a nultiplicity of filter
t ubes}supported in parallel .relationship to one another by a comon support
pl atejor tube sheet as it is often called.2F ue gases are generally quite
hot, {or exanple 150 [err], and are typically at atnosp herlc ressure.
Under |t hese condi t ifoB&netdledffiicu}on ipedeartesiey ficary 9“ 8f HdreEst er,
acryl{c or gl assse:ﬂﬂly adixﬂﬁ‘ild{ﬂ\gledmtf]lclipﬂldiejﬂ dfoafhmst imdivitealr esudetrantbegsases

can bg¢ as hi gh t?OQ é ?tﬂ} tgg?ve{)ressur €5, an§ Eo‘?\v§§ r{tggsas%tegpfeoherl C

pressfre, in wifi cﬁ structe rous ceramic
- or rigid sint ersedhmireoaetsstlalmlsesslest’eﬂeqe.l -Tf’n@h a vessel may be required to

5 contain many hundreds of tubes and the particulate laden fluid
(which may be a gas or a liquid) must enter the vessel in such a
way as to be well distributed around the individual filter tubes.
Moreover, each filter tube must be cleaned in any one pf the ways
mentioned above or in any other suitable way and the pgrticulate

10 material cleaned from these tubes must be collected and eventually
removed from the vessel. The filtered fluid must then be ducted
from the vessel at a convenient location.

All of these requirements impose many mechanical, thermal and
aerodynamic constraints in the design and construction of the

15 overall filtering apparatus.

Heretofore, a typical apparatus utilizing filtering tubes
included a main vessel contéining a single plate or tube sheet for
-_ supporting the filter tubes in a.verticali& depending manner. This
particular type of apparatus has a number of drawbacks. In the
20 first place, the only way that its filter area can be enlarged is
" by extending its tube sheet diameter in order to support more
filter tubes. This quickly leads to a practical mechanical limit.
Because the tube sheet is generally supported only at its
circumferential edge, it tends to sag.at its center as a result of

25 increasing weight, or it must be made sufficiently thick to prevent

| sagging which eventually becomes economically prohibitive. Even
advanced alloy tube sheets do not overcome this problem at high
temperatures. To solve this problem by providing center supports is
also impractical because of problems associated with the

30 differential expansion and contraction due to the relatively high
temperatures. Even if this problem could be solved, assuming it
would be economically justifiable to do so, there are other
drawbacks associated with increasing the size of the tube sheet to
accommodate a larger number of filter tubes. For example, as the

35 tube sheet increases in size, the overall apparatus becomes squat
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parti ¢l es*to be captured by the different tubes vary in size fromO0.2

m croffs to 20 mcrons and can weigh in total up to 10 parts per thousand of
t hee wgt ght of gas or nore. Wien the deposit of dust on a filter el enent
Substiftute sheet - 19 August 1996 -2- increases to 2 or 3 nm the pressure
drop §teadily rises and the el ements nust- Be-cl eaned by shaking the tubes,

- by reyersing gas f ow,ordb means of applyin hib h pressure gas, pul ses
through the filter tRHES "ed'éﬁglr Al “'éﬁ"&?f‘%ltfl ?Y/‘ | %r@ﬁerﬁ‘elsf’{fm B any
i ndustirial filteranapsentsliyncaps) sisncheatnhd tshpdtd ¢héneasks smpkize, the
' containment vessel itself must be enlarged not only in diameter but
also in thickness in order to contain and support the tube sheet
5 aﬁd internal pressure. Obviously, providing a sufficiently large
vessel can be quite expensive and, again, economically prohibitive.
While it may Be possible to increase filtering capacity of an
apparatus of the type just described by increasing the lengths of
its filtering tubes, this is, of course, selflimiting also.
10 Moreover, some rather attractive new advanced ceramic filter tubes
“have become avaiiable but cannot be made any longer than about
1.5 meters.
Thus, in order to expand the filtering capacity of the
apparatus of the type described above, utilizing these particular
15 filter tubes would require extending the tube sheet diameter and
therefore result in the prdblems just discussed.
Further, it is already known to applx an apparatus for
filtering out particuiate material of a predetermined minimum size
from flue gases produced by combustion or other such processes in a
20 | relatively hot and even pressurized environment, said apparatus
comprising a main containment vessel defining an interior
compartment having inlet means through ﬁhich the particulate laden
flue gases (or other such carrier fluid being filtered) can pass in
order to enter the compartment. The vessel also includes separate
25 outlet means through which the carrier fluid, once filtered, can
pass in order to leave the compartment. A plurality of filter
assemblies are disposed within the vessel compartment and are
supported in spaced apart relationship with one another and with
the containment vessel itself by means of a single support tube
30 also disposed within the vessel compartment. This tube which
preferably extends in a vertical direction serves .as a sole means
for supporting the filter assemblies, and, at the same timé,
cooperates with these assemblies and the vessel's outlet means in
order to serve as a discharge pipe for directing the filtered fluid

35 out of the vessel through its outlet means.
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i ndi-v] dual® filter tubes of the type recited above is to properly and
conveﬁiently assenbl e such elenents in a single vessel. Such a vessel my
be Tephtired to contain many hundreds of tubes and the particul ate |aden
fluidf (which may be a gas or a liquid) nust enter the vessel in such a way
as tof be well distributed around the individual filter tubes. Mreover,
each filter tube nmust be cleaned in any one of the ways nentioned above or
in any other sui t abfeeNay. 4ha kneerpdaviretsiibl Maverbeshnicpdatféd IRE UM t hese
t ubes| nust be cgalobeedLdnangcevantavaid yiterRYpstd eOMakpe seassel . The
filtefed fl Uld must then be ducted fromthe vessel at a convenient

| ocat| on. - OPERBEESH Ui rement s i npose nany nechanical, thermal and
aer odynami c const r aFyrther n thlaee desé grisknef sohidsr netengna inephashavkr al |

filtefing sapparaigiSes the effectiveness of the apparatus.

' The present invention solves these problems and provides a
solids discharge from tiered layers which avoids re-entrainment of
solids in fluid flow in lower layers. '

The invention therefore provides an apparatus for filtering

10 out particulate material of a predetérmined minimum size from a
carrier fluid produced by (partial) combustion processes, said
apparatus comprising: '

a) an elongated vessel provided with a plurality of inlet means
through which a particulate carrier fluid can pass and a

15 plurality of separate outlet means through which said carrier
fluid, once filtered, can pass;

b) an outlet means through which the particulates can pass to
leave the vessel; .
c) a plurality of vertically spaced filter assemblies;

20 wherein the said filter assemblies are carried by tubesheets
mounted to the vessel in such a manner that compartments are
formed; and _

comprising a tiered conical particulate sluicing system to
concentrate and centralize the particulate sluicing.

25 The invention will now be described by way of example in more
detail by reference to the accompanying drawing in which the fig. 1
represents a conceptual design for a 3-tiered filtration module of
the invention; and fig. 2 represents a detail of fig. 1.

Referring now to fig. 1 an elongated vessel 1 comprising a

30 Plurality of "dirty" gas inlets (2a, 2b, 2c¢) through which the
solids laden fluid passes and "clean" gas outlets (3a, 3b, 3¢)
through which the filtered fluids can pass, has been shown.

The vessel 1 contains, in any way suitable for the purpose, a

pluralicy of tubesheets (4a, 4b, 4c) each supporting, in any way

This Sheet Has Been Reﬂ




Her.etlof orre, a typical apparatus utilizing filtering tubes included a main
vessgl containing a single plate or tube sheet for supporting the filter
tubeq.in a vertically depending manner. This particular type of apparatus
has g nunmber of drawbacks. In the first place, the only way that its filter

area

can be enlarged is by extending its-tube sheet dianeter in order to

suppgrt nore filter tubes. This quickly |eads to a practical mechanical
i m t). BecausesttheibtlabﬁrsInbetpuirsosgaenerpalulryliscup?ﬁ)rflib@ron¢‘3ﬁ‘sa€> i frg this

ci roynt erent | al66gey IdupheOflncl® B30 RSl toment er as a'result of
It

i ncr dasi ng wei ght

made sufficiently thick to prevent sagging

whi chl eventual 'y bé@ﬁﬁ%‘?gee‘é)ﬂdm eaiapye pﬁ'%ﬁ?’blcf‘ﬁ‘%s reAPRldvante d t4Ff oy

tubes 6. In another advantageous embodiment of the invention
5 sintered metal candles are applied as filter candles.

'~ The vessel 1 is provided at its bottom with a solids
discharge 7 connected to any suitable means.for further processing
of the solids (not shown for reasons of clarity).

Further, the vessel 1 comprises a tiered conical solids

10 sluicing system to concentrate and actualize solids sluicing.

This system comprises a plurality of sluicing cones (8a, 8b)
attached to a tubesheet (4b, 4c) and the wall of the vessel 1 and
each mechaniéally connected by a substantially vertical sluicing
duct A discharging into the cone below.

15 The lowest cone (8c) is connected to the solids discharge 7.

Fig. 2 shows in more detail the arrangement of tubesheet 4c,
connecting duct A from next higher tier and sluicing cone 8b.

In fig. 1 only 3 tubesheets, 3 sluicfng cones, 3 gas inlets
and 3 gas outlets have been shown for reasons of clarity. However,

20 it will be appreciated that any number of tubesheets, sluicing
cones, gas inlets and gas outlets, suitable for the purpose can be
applied. ’

Further, any suitable number, shape and materia} of the
filters can be used.

25 The invention will be illustrated by way‘of example only by
reference to the following design:

_ Design Basis
Filter Media : ceramic candles

Filter Dimensions : 6 cm outer diameter x 1.5 meters length
30 Maximum Packing Density : 1 candle per 0.125 m? tubesheet area

Clean Plenum Height ; 0.5 meters

Sluicing Cone Angle : 15 degrees (half éngle,

30 degrees full angle)
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- 3- .tube,-sheets do not overconme this problem.at high tenperatures. To solve
t hi s. probl em by providing center supports is also inpractical because of
probl ens associated with the differential expansion and contraction due to
the relatively high tenperatures. Even if this problemcould be solved,
assumng it would be economcally justifiabl-e to do so, there are other

dr awbacks associated with increasing the si.ze of the tube sheet to
accommpdat e a | ar g@eukkenfiéer of filter tubes. For exanple, as the tube sheet
~increases in Sigfbert BRemRVi@sal | apparagys becones squat in shape and

- eventual ly unsuitable for barge, rail_or road transportation. Al so,
- Tubesheet outer diameter : 2.9 meters .

Total vessel height : 16.9 meters
5 Triple Tier '
Number Elements P 912

Tubesheet outer diameter : 2.4 meters

Total vessel height 1 22.3 meters
Vessel Wall Thickness
10 Pressure : 26 bar
Temperature _ : about 120 °C
Vessel Material : carbon steel
Double Tier
Vessel wall thickness : 100 mm
15 Vessel Weight : 131 tomns
Triple Tier
Vessel wall thickness : 83 mm
Vessel Weight : 116 tons

Various modifications of the present invention will become
20 apparent to those skilled in the art from the foregoing
description. Such modifications are intended to fall within the

scope of the appended claims.

i

Rt o s s 5.



as the tube sheet increases in size, the containnent vessel itself nust be
enl arged not only in dianmeter. but also in thickness in order to contain and

suppor t thMernal pressure. Coviously, providing a - R

suffici ent can be quite expensive and, again, economcally
pr ohi bitiv RW@ possi bl e to-ihcrease fllterlng capacity of an
appar at us of thve escrl bed by increasing the lengths of its
filtering tubes, this is, of course, selflimting al so. Moreover I_&kie
rather .attractive new advanced ceranic filter tubes have become avail abl e
but cannot be nade any | onger than about 1.5 neters. Thus, in order to
expand the filtering capacity of the Mof the type descri bed above,
utilizing '
1. An apparatus for filtering out particulate material of a
predefermined minimum size from a carrier fluid produced by
(partial) combustion processes, said apparatus comprisiﬁg:
a) an elongated vessel provided with a plurality of inlet means
5 through which a particulate carrier fluid can pass and a
plurality of separate outlet means through which said carrier
fluid, once filtered, can pass;
b) an outlet means through which the particulates can pass to
leave the vessel; )
10 c) a plurality of vertically spaced filter assemblies;
wherein the said filter assemblies are carried by tubesheets
mounted to the vessel in such a manner that compartments are
formed; and )
comprising a tiered conical particulate sluicing system to
15 - concentrate and centralize the particulate sluicing.
2. The apparatus as.claimed in claim 1, wherein said tiered
conical particulate sluicing system comprises a plurality of
substantially vertical sluicing ducts, a plurality of sluicing
cones, each sluicing duct connected to the next higher cone and
20 discharging'into the cone below, and each sluicing cone connected
to the tubesheet below. ' _
3. The apparatus as claimed in claims 1 or 2, wherein the filter
assemblies comprise filter candles.
25 4, The apparatus as claimed in claim 3, wherein the filter
candles are ceramic candles.
5. The apparatus as claimed in claim 3, wherein the filter

candles are sintered metal candles.

6. The apparatus as claimed in any one of claims 1-5, comprising
30 3 tubesheets comprising filter assemblies, and 3 sluicing cones.
VM6/T6124FF
This ShTIt Hiilislilelnlll{eilaced

i



these particular filter tubes would require extending the tube sheet -
di aneter and therefore result in the problens just discussed. Further, it 557
is alréady known to apply an apparatus for filtering out particulate _—
material of a predetermi ned mninumsize fromflue gases produced by

conbustion or other such processes in a FeFativer hot and even pressurized
environnment, said apparatus conprising a nmain Substitute shee% - %p

August 1996 4 contai nnent vessel defining an interior conpartnent—ﬁ§thg
i nl et means through which the particul ate | aden

ABSTRACT (Fig. 1)

FILTRATION MODULE

Filtration module wherein entrained solids are removed from a
carrier fluid via filtration with (ceramic) candles. The filter
design comprises a plurality layers or "tiers” of filters and a
tiered conical ash sluicing system to concentrate and centralize
ash sluicing. Solids discharge from tiered layers avoids
re-entrainment of solids in gas flow in lower layers. Solids
re-entrainment reduces the effectiveness of the additional lower

surface area.
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flue gases (or other such carrier.fluid being filtered) can pass in order
to enter the conpartnent. The vessel also includes separate outlet neans

6

t heough which the ecarrier fluid, once filtered, can pass in order to | eave ——

the conpartnent. A plurality of filter assenblies are disposed within the
vessel conpartnment and are supported in ced apart relationship with one
another and with the containnent vessel ﬁ? el f by neans of a single support

t ube al so di sposed within Vs 0 tment. This tube which
preferably extends in a v mCa i n [ serves as a sole neans for
supporting the filter ass lief, Qandy at ghe sane tine, cooperates with
t hese assenblies and the Vessel s e¥ rMeans in order to serve as a

di scharge pipe for directing the filtered fluid ouE?%B t he vessel through
its outlet means. _

Has Been Re‘laced
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ﬁbmevé}, the known devices still have technical scaling-up problenms andjé: icss -
prolsl em areas with respect to large scale configuration. Further, there is
a risk of solids re-entrainnent which reduces the effectiveness of the

appar atus. The present invention sol ves theseSgbstittiesrshaeg- NYOXLFESt 2996
solids discharge fromtiered | ayers which avoids re-entrainment of solids
in fluid flowin |ower |ayers. The inventidn therefore provides an
apparatus for filtering out particulate naterial of a predetefgied $imi num
size froma carrier fluid produced by (partial) conbustion processes, said
apparatus conprising: a) an elongated vessel provided with a plurality of
inl et means through which a parti c BHILTRATION e4ODULE d

The invention relates to an apparatus including a
number of separate vertically tiered filter assemblies
for filtering out particulate material of a predetermined
minimum size from a carrier fluid produced by e.g.
(partial) combustion processes.

In particular, the invention relates to a high
pressure high temperature filter unit desidn such as _
applied in coal gasification where entrained solids such
as ash are removed from produced synthesis gas via
filtration with ceramic candles at'temperatures of about
100-800 °C and such as applied in oil gasification for
removal of dry soot wvia filtration with ceramic candles
at pressures till about 60 bar.

A known method of separating particulate material
from flue gases produced by combustion and other such
processes utilizes porous filter elements which may
comprise a multiplicity of filter tubes supported in
parallel relationship to one another by a common support
plate or tube sheet as it is often called. Flue gases are
generally quite hot, for example 150 °C, and are
typically at atmospheric pressure. Under these
conditions, the filter tubes are typically made of
polyester, acrylic or glass. For pressurized fluid bed
combustion the resultant gases can be as high as 900 °C
at gas pressures from 5 to 15 times atmospheric pressure,
in which case the filter tubes are constructed of porous
ceramic or rigid sintered porous stainless steel. The
particles to be captured by the different tubes vary in
size from 0.2 microns to 20 microns and can weigh in
total up to 10 parts per thousand of the weight of gas or
more. When the deposit of dust on a filter element
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‘can pass and a plurality of separate outlet means through which said
carrier fluid, once filtered, can pass; -5- b) an outlet neans through
whi ch the particul ates can pass to | eave the vessel; c¢) a plurality of

vertically spaced filter assenblies; wherei nSubstitsioé @héet t 49 AsgasbilBes are
carried by tubesheets nounted to the vessel in such a manner that
conpartnments are forned; and conprising-aZi-ered conical particulate

sluicing systgmto,cQucest 5abe dNfimGeRhEaprasstite BRbY GHedlfly rises
and the elements must be cleaned by shaking the tubes, by
reversing gas flow or by means-of applying high pressure
gas pulses through the filter tubes.

A general difficulty in the design of any industrial
filter assembly comprising a multiplicity of small
individual filter tubes of the type recited above is to
properly and conveniently assemble such elements in a
single vessel. Such a vessel may be required to contain
many hundreds of tubes and the particulate laden fluid
(which may be a gas or a liquid) must enter the vessel in
such a way as to be well distributed around the
individual filter tubes. Moreover, each filter tube must
be cleaned in any one of the ways mentioned above or in
any other suitable way and the particulate material
cleaned from these tubes must be collected and eventually
removed from the vessel. The filtered fluid must then be
ducted from the vessel at a convenient location.

All of these requirements impose many mechanical,
thermal and aerodynamic constraints in the design and
construction of the overall filtering apparatus.

Heretofore, a typical apparatus utilizing filtering
tubes included a main vessel containing a single plate or
tube sheet for supporting the filter tubes in a
vertically depending manner. This particular type of
apparatus has a number of drawbacks. In the first place,
the only way that its filter area can be enlarged is by
extending its tube sheet diameter in order to support
more filter tubes. This quickly leads to a practical
ﬁechanical limit.

Because the tube sheet is generally supported only at
its circumferential edge, it tends to sag at its center
as a result of increasing weight, or it must be made
sufficiently thick to prevent sagging which eventually
becomes economically prohibitive. Even advanced alloy



*sliting. The invention will now be described by way of exanple in nore
det.ail by reference to the acconpanying drawing in which the fig. 1 -
represents a conceptual design for a 3-tiered filtration nodule of the

invention; and fig. 2 represents a detail of ghibstitute shele€Lria t11®@96 g.
1 an elongated vessel 1 conprising a plurality of "dirty" gas inlets (2a,

?g ZCL thrfugﬂ whi ch the solids | aden f4L3d—passes and "clean" gas outlets
' a, 3 3c) throu the filtered fl een shown.
The vessel EB{Q gE@etlsn 2PN ? VEGH TS et %e% purpaot’se %ﬁ)pl urality of
t ubesheet s (4aem§bra¢uresacﬂoswmmma|uh;s|prqhﬂﬁmmgysnnqwﬁﬂ¥n90¢emh%r
purpose, a plgﬁsbbk¥soasf 168" iieticd N Bl asu B W poblems

associated with the differential expansion and
contraction due to the relatively high temperatures. Even
if this problem could be solved, assuming it would be
economically justifiable to do so, there are other
drawbacks associated with increasing the size of the tube
sheet to accommodate a larger number of filter tubes. For
example, as the tube sheet increases in size, the overall
apparatus becomes squat in shape and eventually
unsuitable for barge, rail or road transportation. Also,
as the tube sheet increases in size, the containment
vessel itself must be enlarged not only in diameter but
also in thickness in order to contain and support the
tube sheet and internal pressure. Obviously, providing a
sufficiently large vessel can be quite expensive and,
again, economically prohibitive.

While it may be possible to increase filtering
capacity of an apparatus of the type just described by
increasing the lengths of its filtering tubes, this is,
of course, selflimiting also. Moreover, some rather
attractive new advanced ceramic filter tubes have become
available but cannot be made any longer than about
1.5 meters.

Thus, in order to expand the filtering capacity of
the apparatus of the type described above, utilizing
these particular filter tubes would require extending the
tube sheet diameter and therefore result in the problems
5ust discussed.

Further, it is already known to apply an apparatus
for filtering out particulate material of a predetermined:
minimum size from flue gases produced by combustion or
other such processes in a relatively hot and even
pressurized environment, said apparatus comprising a main



‘compart nented vessel is forned. Advantageously, ceramic filter candles are
apptied as filter tubes 6. In another advantageous enbodi nent of the
i nvention sintered nmetal candles are applied as filter- candles. The vessel

1is provided at its bottomw th a solids di sglitdtiteite sheenedOeugasanP96
:SU|tabIe means for further processing of the solids (not shown for reasons
~of clarity). Further, the vessel 1 conprises a tiered conical solids

sluicing syst eé%r%é’afﬁﬂ&ﬁgt £858e"de3EhYAY 2% 0ot UcHd ¥k tment
' having inlet means through which the particulate laden
flue gases (or other such carrier fluid being filtered)
can pass in order to enter the compartment. The vessel
also includes separate outlet means through which the
carrier fluid, once filtered, can pass in order to leave
the compartment. A plurality of filter assemblies are

disposed within the vessel compartment and are supported °

in spaced apart relationship with one another and with

the containment vessel itself by means of a single
support tube also disposed within the vessel compartment.

This tube which preferably extends in a vertical

. direction serves as a sole means for supporting the
filter assemblies, and, at the same time, cooperates with
these assemblies and the vessel's outlet means in order
to serve as a discharge pipe for directing the filtered
fluid out of the vessel through its outlet means.

However, the known devices still have technical
scaling-up problems and problem areas with respect to
large scale cénfiguration. '

Further, there is a risk of solids re-entrainment

- which reduces the effectiveness of the apparatus.

The present invention solves these problems and
provides a solids discharge from tiered layers which
avoids re-entrainment of solids in fluid flow in lower
layers.

The invention therefore provides an apparatus for
filtering out'particulate material of a predetermined
minimum size from a carrier fluid produced by (partial)
'combustion processes, said apparatus comprising:

a) an elongated vessel provided with a plurality of
inlet means through which a particulate carrier fluid
can pass and a plurality of separate outlet means
through which said carrier fluid, once filtered, can
pass;



*Substitute sheet - 19 August 1996 -6- This system conprises a plurality of
sl uicing cones (8a, 8b) attached to a tubesheet (4b, 4c) and the wall of
the vessel 1 and each nechanically connected by a substantially vertical

sl uicing duct A discharging into the cone belSabstifite shaetst1 2 Mgussc)996
corinected to the solids discharge 7. Fig. 2 shows in nore detail the
arrangenent of tubesheet 4c, connecting dubt -A from next higher tier and

sl ui cing Coneagb a! g{&%én? s Sl HACANS0 fn St UbSLBICARAERs Saflas

inlets and 3 ave been for reasons arlty However,
it will be apprecipissd tchakeaws Eherpegssel;

c) a plurality of vertically spaced filter assemblles.
wherein the said filter assemblies are carried by
tubesheets mounted to the vessel in such a manner
that compartments are formed; and
comprising a tiered conical particulate sluicing

system to concentrate and centralize the particulate

sluicing.

The invention will now be described by way of example
in more detail by reference to the accompanying drawing
in which the fig. 1 represents a conceptual design for a
3-tiered filtration module of the invention; and fig. 2
represents a detail of fig. 1.

Referring now to fig. 1 an elongated vessel 1
comprising a plurality of "dirty" gas inlets (2a, 2b, 2¢)
through which the solids laden fluid passes and "clean”
gas outlets (3a, 3b, 3c) through which the filtered
fluids can pass, has been shown.

The vessel 1 contains, in any way suitable for the
purpose, a plurality of tubesheets (4a, 4b, 4c) each
supporting, in any way suitable for the purpose, a
plurality of filter tubes 6. In this manner a
compartmented vessel is formed.

Advantageously, ceramic filter candles are applied as
filter tubes 6. In another advantageous embodiment of the
invention sintered metal candles are applied as filter
candles.

The vessel 1 is provided at its bottom with a solids
-discharge 7 connected to any suitable means for further
processing of the solids (not shown for reasons of

- clarity).

Further, the vessel 1 comprises a tiered conical
solids sluicing system to concentrate and actualize
solids sluicing.



"of. tubesheets, sluicing cones, gas inlets and gas outlets, suitable for the
pur.pose can be applied. Further, any suitable nunber, shape and naterial of

the filters can be used. The invention will be illustrated by way of
exanpl e only by reference to the follow ng déubgtitutBesiept - BB ifsugristt 1996
Medi a : ceramc candles Filter D nensions : 6 cmouter

géapeherhx 1.5 neters length thinun1Packiﬁg-Density . 1 candl e per 0.125
R e e
(8a, 8b) attached to a tubesheet (4b, 4c) and the wall of
the vessel 1 and each mechanically connected by a
substantially vertical sluicing duct A discharging into
the cone below.

The lowest cone (8c) is connected to the solids
discharge 7.

Fig. 2 shows in more detail the arrangement of
tubesheet 4c, connecting duct A from next higher tier and
sluicing cone 8b.

In fig. 1 only 3 tubesheets, 3 sluicing cones, 3 gas
inlets and 3 gas outlets have been shown for reasons of
clarity. However, it will be appreciated that any number
of tubesheets, sluicing cones, gas inlets and gas
outlets, suitable for the purpose can be applied.

Further, any suitable number, shape and material of
the filters can be used.

The invention will be illustrated by way of example
only by reference to the following design:

Design Basis
Filter Media : ceramic candles
Filter Dimensions : 6 cm outer diameter x 1.5 -

meters length
Maximum Packing Density : 1 candle per 0.125 m2

tubesheet area

Clean Plenum Height | : 0.5 meters
Sluicing Cone Angle : 15 degrees (half angle,
30 degrees full angle)
Double Tier _
‘Number Elements : 912

Tubesheet outer diameter : 2.9 meters
Total vessel height : 16.9 meters



- DQubl e Tier Nunmber El enents : 912 Tubesheet outer dianmeter : 2.9

meters Total vessel height : 16.9 neters Substitute sheet - 19
August 1996 -7- Triple Tier Nunber Elenents . 912 Tubesheet outer
di anmeter :2.4 neters Total vessel height Substitutd shieeer sl VAsmeist WA26
Thir ckness Pressure : 26 bar '
-7 -
Triple Tier
Number Elements : 912
Tubesheet outer diameter : 2.4 meters
Total vessel height : 22.3 meters
Vessel Wall Thickness
Pressure ' : 26 bar
Temperature : about 120 °C
Vessel Material : carbon steel
Double Tier
Vessel wall thickness : 100 mm
Vessel Weight : 131 tons
Triple Tier '
Vessel wall thickness : 83 mm
Vessel Weight : 116 tons

Various modifications of the present invention will
become apparent to those skilled in the art from the
foregoing description. Such modifications are intended to
fall within the scope of the appended claims.



Tenperature . about 120 [err] Vessel Materi al

;"car bon st eel—Dotuble-TFier Vessel wall thickness : 100 mm Vessel Weight
131 tons TrlaBE,Tler Vessel wall thickness : 83 mm Vessel Wi ght

1116 tons Vari mﬂﬁ of the presergubstitete stoaetwi 19 Aemaste! 996
apparent to t e art fromthe foregoing description. Such

nodi fi cations are |ntendedsto fall wthin &8 he scope of the appended cl ai ns.
T 6124 SIN

CLAIMS

1. An apparatus for filtering out particulate material
of a predetermined minimum size from a carrier fluid
produced by (partial) combustion processes, said
apparatus comprising:

a) an elongated vessel provided with a plurality of
inlet means through which a particulate carrier fluid
can pass and a'plurality of separate outlet means
through which said carrier fluid, once filtered, can
pass;

b) an outlet means through which the particulates can
pass to leave the wvessel;

c) a plurality of vertically spaced filter assemblies;
wherein the said filter assemblies are carried by
tubesheets mounted to the vessel in such a manner
that compartments are formed; and

comprising a tiered conical particulate sluicing system

to concentrate and centralize the particulate sluicing.

2. The apparatus as claimed in claim 1, wherein said.

' tiered conical particulate sluicing system comprises a
plurality of substantially vertical sluicing ducts, a
plurality of sluicing cones, each sluicing duct connected
to the next higher cone and discharging into the cone
below, and each sluicing cone connected to the tubesheet
below. .

3. The apparatus as claimed in claims 1 or 2, wherein

the filter assemblies comprise filter candles.

4. The apparatus as claimed in claim 3, wherein the

filter candles are ceramic candles.

5. The apparatus as claimed in claim 3, wherein the

filter candles are sintered metal candles.



‘CL Al MS1 An apparatus for filtering out particulate material of a
predeterm ned m ninmum size froma carrier fluid produced by (partial)

conbusti on mmﬁﬂﬂmu"ﬂnl" pparatus conprising: a) an elongated vessel
provi ded wi i nl et nmeans t hr Gupbtidtecheztpal9 iAugustel 996
carrier fluid cn pas% a@nd*a plurality of separate outlet means through
which said carrier fluid, once filtered,-can-pass; b) an outlet neans

t hr ough whi ch .t he t] oS _C L eaye. the . vegseh, . uralit
- of verti caIIyGS'pac‘lg'géf%ﬁgé%é?ég%sseg |‘|Qié1§;§’“‘Lz e!r‘gi %Sthﬁgalgg ?&F&%‘Zﬁ gs“?érrbl e
. are carried bgomprdstica S rawbhasheats (denprissialg | fikigh assempbies, and

3 sluicing cones.
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* that conpartnents are fornmed; and conprising a tiered conical particulate
sluicing systemto concentrate and centralize the particulate sluicing. 2.
The apparatus as clained in claim1l, wherein said.. tiered conical

particul ate sluicing systemconprises a pl ur8tbstytueé shebst 218 Aalgugt Q36 cal
sluicing ducts, a plurality of sluicing cones, each sluicing duct connected
to the next higher cone and discharging into the cone bel ow, and each

sl uicing cone connected to the tubesheet below. 3. The appar@tgfzgsaﬁhained
inclaims 1 or 2, wherein the filter assenblies conprise f s. 4.
The apparatus as clainmed in claim3, wherein the filter candles are ceramc
candl es. 5. The apparatus as cl ai meg gngcragnp3¢ pherein the

FILTRATION MODULE

Filtration module wherein entrained solids are
removed from a carrier fluid via filtration with
(ceramic) candles. The filter design comprises a
plurality layers or "tiers" of filters and a tiered
conical ash sluicing system to concentrate and centralize
ash sluicing. Solids discharge from tiered layers avoids
re-entrainment of solids in gas flow in lower layers.
Solids re-entrainment reduces the effectiveness of the
additional lower surface area.

VM6/T6124FF
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‘fidlter candles are sintered netal candles. -9- 6. The apparatus as )
claimed in any one of clains 1-5, conprising 3 tubesheets conprising filter
assenbl i es, and 3 sl uicing cones.

v

1 Substitute sheet - 19 August 1996




