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SYSTEM AND METHOD FCOR FILTERING A GAS-8SOLIDE MIXTURE

The pressnt invention relates to a system and a method for

filtering a gas-solids mnixture. The gas-solids may

to convert carbonaceocus materials 1nto a mixture of carbon

monoxide {(CO) and hydrogen (HZ) The mixture may also comprise
some carbon dioxide (CCZ). This 1s achieved L reacting the

}7
materials at elevated ceeding 700 °Cy,

of oxygen and/or
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gas mixture may
be referred to as syngas, synthesis gas, synthetic gas, oxr
producer gas, and is itself a fuel.

The syngas may be used, for instance, for the production of

synthetic fuels {(such as diesel, gasoline, or synthetic methane)
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chemicals { methanol or ammenia), waxes, or power
{(typically electricity). For example, an integrated gasification
combined cycle (IGCC) power plant includes one or more gasifiers
Lo produce syngas.

The carbonacecus materials of the feedstock may include any
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arbonacsous feedstock, such as pulverized coal, biomass or ol

-
1
Ao

residue. 0Cil residue typically refers to liquid hydrocarbons,

t Az

typically heavy hydrocarbon oils, for instance heavy crude oils
or crude residue. Pulverized ccal and biomass are examples of
solld carbonaceous materials.

The feedstock 1is partially oxidised in a gasification

temperature in the gasification reactor can for instance be as

The resulting syngas may include impurities, such as tar orx

ash. The syngas may be directed through a guench unit

remove a part of the impurities as a slag.



WO 2017/107092 PCT/CN2015/098396

QJ
0]
O
3

The ash or solids content of the syngas typically depend
the feedstock. For instance the gasification of coal wil
typically produce more ash than can be removed with a guench
one. Also, a subsegquent process may reguire cleaned
syngas. A filtration unit may receive the syngas from the quench

unit for further cleaning thereof, and for the removal of fly

an N

Us20140047806 discloses a high-temperature and high-pressure

fiy ash filter system for cleaning a tar or ash containing gas.

[

The filter system comprises a housing which esszentially consists
of a cylindrical wall portion which is closed at its upper end
by a doeme-shaped cover and connected at its lower end to a dust

lector with a conical shape. The housing is divided into =
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he raw gas chamber is accessible via
hich raw gag can be introduced into

dome~shaped portion of the housing

comprises a oled outlet through which clean gas may be

discharged. The tube sheet comprises a plurality of openings

e

vhich accommodate a plurality of candle-shaped filter modules.

A disadvantage of the system of US20140847806¢ is that lower
ends of the filter modules have a tendency to vi
These vibrations may be so severe, that adjacent

.
H
L

engage each other, potentially damaging or br

Az

modules.

>

In an improvement, for instance included in the Herding®

BLPHA filter element, solid by Herding Filtraticn L.L.C.,
Waterford, USA, the lower ends of the filter modules may be
connected to a support grid. This fixates the lower ends of th

modules, and thus prevents damage by vibration. Howewver, during
uge, ash will accumulate on the support structure, and at szome
point starts to block the lower ends of at least some of the

filter elements, requiring an operational shut down for

)

maintenance and manual cleaning of the support structure.
It is an obiject of the invention to provide an improved

system and method for gas filtering.
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The invention provides a vstem for filtering gas,
comprising a gas—-solids mixture, the system comprising:
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- lower ends of the filter elements being connected

support grid, the support grid comprising a number of arms; and
- one or more cleaning elements provided on the arms of the

grid for cleaning thereof.

The cleaning elements can be dimensioned such that the solids
accumulaticn never exceeds a threshold, obviating blockage of
the lower ends of the filter modules. The filter of the
disclosure can operate continuously for a longer pericd,
limiting operational expenditure.

In an embodiment, the cleaning elements are adapted to

vibrate to remove accumulation of solid

o

helical springs wound around the arms of the support grid, The
helical s=springs may bke round, sqguare or rectangular in cross

section. n an embodims

subszsequent windings of the helical
springs have an increasing diameter.

The cleaning devices may comprise a fixation section for
fixating the respective cleaning device with respect to the
support grid, and one or more vibratlon extenslons connected to
~he fixation section for vibrating with respect to the support
grid. The vibraticn sections may comprise helically wound
sections. The helically wound sections can have an increasing
diameter in a directicon away from the fixation section. The
fixation section may comprise a band.

The wvibkbraticon extensions may comprise elongate wvibration

elements, having a first end connscted to the band. Opticnally,
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In a cost effective embodiment, the springs may be helical

to 3). The helical springs may have any number

along or against their respective grid sections 362 and engage
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the accumulated dust. As the dust has a relatively loose and/orx
powdery structure, a relatively light touch of the cleaning

jevices will already remove at least

eaning desvices can be

ien can be sufficient

blockage of the filter elements.

In cross-section, the helical springs may, for instance, be
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round, sgquare, or rectangular.
cleaning devices may be selected to £f£it the outer cross-
sectional shape of the suppert grid.

The grid support beams or cross links 2362 may have a
relatively thin and high shape, meaning that the height 397

width 390. Optionallv, the

h a sharp or pointy top end
394, The thin grid section, as well as ths sharp top end, limit

the top surface of the grid section and thus also limit dust

The ncdes 364 shown in Fig. 3 have a substantially
cylindrical shape 1in top wview. The nodes may have any other
suitable shape. The nodes may, for instance, have a hexagonal

shape in top view, allcowing each cress 1ink 362 to be connected

to a separate side surfa of a node.

As shown in Fig. 4, the cross section of the cleaning device
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beam 362. Herein, the cles device 280 may be a helical
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spring. Alternatively, the cleaning device may comprise one, or
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along the grid beam 362.

{Figs. 5 and 6), the cleaning device 380
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around the grid beam 362.
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comprisess a spring type material

connected to 362, The fixation section 1is
connected *to one or more vibration elements or vibration

As shown in Figs. 5 and #, the vibration extensions 410, 412
may comprise helical spring windings 402, 404, 406, 408 having a
ely increasing diameter respectively.

eaning elemnent
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n embodiment, wherein the
comprises a fixation section 400, connected to vibration
extensions 410, 412, The cleaning element 380 has a
The elongate

width of the

a
extensions 410, 412 to limit dust deposition on the cleaning

1

element when it is in rest. At the same time, the height of the

®

cleaning element 380 may =ignificantly exceed the width to

closely follow the external shape of the grid beam 36Z, while

)

=
L

allcowing sufficient space betwsen the vibraticn extensions and

the grid for relative movement of the former with respect to the

latter. Compare to Figure 4.
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Fig. & shows an embodiment, whersin tThe cross secticna

shape of the cleaning element is substantially circular or

Fig. 9 shows an embodiment, wherein the fixation section 400

comprises a band 420. The band 420 is tightly wound arcund the

The vibration extensicns 410 may have a first end 422

vand 420 and the grid section. The vibration
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extensions 410 may comprise elongate members 430, which extend
along and can vibrate with respect to the surface of the grid
362. A second end 424 of the e
with a welght or heavier section 432. The weights
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support or enhance the wvibration response of the c¢leaning
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ration energy available in the filter
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Fach section of the grid may be provided with one or more,

for instance two or three, of the el members 430. The

elongate members 430 of the cleaning devices may extend along

ection 362.

e

and near the top section 3%4 of the respective grid

o

3
The elongate member 430 may be a straight wire (Fig. OA}.
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0. Herein, adjacent nodes 364 are located at a different
vertical level, schematically indicated with numbers to indicate

for instance three, different vertical levels 1., 2., and 3.

and has nodes arranged at three different levels to ensure that
all nodes 364 are at a different wvertical level than any of the

acent nodes. The latter ensures that the sections of the grid

beams 3627 interconnectin

e}
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djacent nodes

respect to the horizontal plane 440. Other shapes of the grid,
; F ®

and more than three levels, or two different vertical levels,
are also conceivable,
Due to the adjacent nodes being at a different wvertical

ocation, different sections of the beams 362 of ths support

ngle o, while another beam section can be at a different angle
B with respect to the horizontal planes 440 (Fig. 11).
The slicping beam sections ensure that cleaning devices 380,

which are movably arranged around the respective beam sections,

slide towards the lowest point of the beam section due to
gravity‘ When wvibrations 1in the filter systems excite the

will wvibrate and move aleong their

emoving scolids deposits while doing

»diment in Figs. 10 and 11 provides

improved cleaning and dust removing action of the cleaning
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devices, such as the helical spring type, as they are forced to
move along the beam sections

The system of the

solid bodies around oz
structures, most prone to accumulation of the fly ash and/or
dust. The c¢leaning bodies, for instance spiral springs, are
designed and positioned such that they vibrate and move
constantly over areas susceptible to ash accumulation during
normal operation. The vibrations and movements may be induced by
jynamic fluid forces. The moving and vibrating cleaning devices
380 prevent the settling of ash and dust particles on the

surfaces of the support grid 360. The cleaning devices move

respective nodss 364, and limit the accumulation of ash.

In addition to dynamic fluid forces, the cleaning devices

380 may be of the support grid triggered

by, for instance, the impact from the impact device 370 and/or
the gas pulse provided by the back-pulsing system 350,

The cleaning devices 380 allow to

the support grid to a thresholid,

parameters from the group of, for inst
energy by syngas flow; energy of the

pulses; vwvibrations resulting from the impact or pulse in the

support grid; frequency of the impacts or pulses; time period of

the gas pulses; and providing multiple mechanical impacts or gas
pulses at a time, for instance a number of 2 to 10 impacts at a
time.

In a practical embodiment, the cleaning device 3280 may be

system, while being suffici
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accumulated dust. Preferably, the material of the c¢leaning

components, material of the cleaning device 380 may be selected

from, for instance, chroms-zilicon spring stesl [5160 (AG89),
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CLAIMS

1. System for filtering a gas—solids mixture, the system comprising:
a housing;

a separating body dividing the housing into a raw gas section and a
clean gas section, the raw gas section being accessible via an inlet for the
gas—solids mixture and the clean gas section comprising an outlet for
discharging a cleaned gas;

a number of filter elements suspended from the separating body;

a support grid, the support grid comprising a number of arms
interconnected at nodes, the lower ends of the filter elements being
connected to the support grid;

one or more cleaning elements movably arranged on the arms of the
support grid between adjacent nodes for cleaning of the arms.

2. The system of claim 1, the cleaning elements being adapted to vibrate
to remove accumulation of solids.

3. The system of claim 1, the cleaning elements comprising helical
springs wound around the arms of the support grid.

4. The system of claim 3, the helical springs being round, square or
rectangular in cross section.

5. The system of claim 3, subsequent windings of the helical springs
having an increasing diameter.

6. The system of claim 1, comprising at least one impact device for
providing a mechanical and/or hydraulic impulse to the filter elements for the
removal of accumulated solids from a surface of the filter elements, said
impulse being adapted to provide excitation energy causing vibration of the
cleaning elements.

7. The system of claim 6, comprising a back—pulsing system for providing
a gas pulse through the filter elements for cleaning thereof, said gas pulse
being adapted to provide the hydraulic impulse.

8. The system of claim 1, the cleaning elements being adapted to limit
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accumulation of solids on the support grid to a maximum threshold level, by
tuning one or more parameters selected from the group of: flow rate of the
gas—solids mixture; energy of the mechanical and/or hydraulic impulse;
vibrations in the support grid resulting from the impulse; frequency of
repeating the mechanical and/or hydraulic impulse; number of mechanical
and/or hydraulic impulses at a time; and time period of the mechanical and/or
hydraulic impulse.

9. The system of claim 1, the cleaning elements comprising a fixation
section for fixating the respective cleaning element with respect to the
support grid, and one or more vibration extensions connected to the fixation
section for vibrating with respect to the support grid.

10. The system of claim 9, the vibration extensions comprising helically
wound sections.

11. The system of claim 10, the helically wound sections having an
increasing diameter in a direction away from the fixation section.

12. The system of claim 10, the fixation section comprising a band.

13. The system of claim 12, the vibration extensions comprising elongate
vibration elements, having a first end connected to the band.

14. The system of claim 13, an end of the elongate vibration elements
being provided with a weight.

15.  The system of claim 1 wherein the cleaning elements comprise a wire
and are adapted to vibrate to remove accumulations of solids.

16. Method for filtering a gas mixture, the method comprising the steps of:

providing a filter system, comprising a housing, a support grid fixedly
arranged in the housing, the support grid comprising a number of arms
interconnected at nodes, a number of filter elements arranged on the nodes of
the support structure, and cleaning elements movably arranged on the arms
of the support grid between adjacent nodes; and

cleaning of the support grid by vibration and movement of the cleaning
elements.

17. The method of claim 16, comprising a step of inducing the vibration and
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movement of the cleaning elements by dynamic fluid forces of the gas
mixture.

18. The method of claim 16, comprising a step of inducing the vibration and
movement of the cleaning elements by a gas pulse through the filter elements
for cleaning thereof, said gas pulse being adapted to activate the cleaning
elements by kinetic energy.

19. The method of claim 16 wherein the cleaning elements comprise a wire
and are adapted to vibrate to remove accumulation of solids.
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