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(57) Abregé/Abstract:
Method and system for removal of particles such as soot, ash and heavy metals, and optionally additionally NO, and SO, being

present In exhaust gas from an engine or process equipment.
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(57) Abstract: Method and system for removal of particles
such as soot, ash and heavy metals, and optionally addition-
ally NOx and SOx being present in exhaust gas from an en-
gine or process equipment.
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Title: Method and system for the removal of particulate
matter such as soot, ash and heavy metals from engine ex-

haust gas or process equipment

The present i1nvention relates to a method and system for

H

the removal of hvdrocarbons and particulate matter 1n form

H

of soot, ash and heavy metals being present i1n exhaust gas

from an engine or process equilipment such as cement produc-

tion. In particular the i1nvention 1s useful for the removal

H H

of these components from the exhaust of an engine operated

H

on heavy fuel 01l with a sulphur content of 0.1 to 4.0 wts

and a heavy metal content of 5 mg/kg to 1000 mg/kg.

Soot and ash are typically captured and removed by passing

the exhaust through one or more filters arranged 1n the ex-

haust system. After a certain time on stream the captured

H

amounts of soot and ash cause an 1ncreasing pressure drop

over the filters and the filters need to be regenerated by

HH

burning o the soot and blowing off the ash with com-

pressed alr or by a manual process.

The known particulate filter systems are developed for die-

sel engine exhaust with a relatively low sulphur and ash

content. These systems cannot be employved for e.g. maritime

engines fuelled with heavy fuel 01l, the so called bunker

o11.

Bunker 01l contains very heavy hydrocarbons and polvaro-
matic compounds. The 01l 1s heavily contaminated with com-
pounds, which do not burn and end as ash 1n the exhaust.
Further contaminants contailned 1n bunker o1l include not

only water soluble metal salts sodium (Na), potassium (K),
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, 1ron (Fe), sulfates (MeSQO.), and several oth-

ers, but also the 01l soluble metals wvanadium (V), lead

(Pb), nicke.

(N1) and others.

H

Thus, the general object of the 1nvention 1s to provide a

method and system for cleaning exhaust gas resulting from

process equipment or engines being fuelled with heavy fuel

01l, which method and system ensures an e:

—
p—

fectively clean-

H

1ng and a continuous operation of the englne, even when a

particulate

filter employed 1n the method and system needs

to be regenerated. However the present invention can also

be employed

1n other systems with a high particle load in

the gas stream e.g. cement production processes.

H

Fssential features of the i1nvention are a continuous pas-

—

sive regeneration of particulate filters by catalysing the

filters with soot combustion and hydrocarbon oxidation cat-

alysts, thereby i1mproving the fuel consumption by keeping

the pressure drop over the particulate filters low and by

periodically and e:

—~ — —
p—

fectively blowing off of ash by pulse

—
p—

injection of ailr into outlet of the filters. The catalysts

removes sticky hyvdrocarbon containing soot that facilitates

~he ash removal.

As discussed above soot 1n the exhaust gas from the engine

contains further inorganic ash that cannot combust and

therefore w

111 accumulate i1in the filter over time and build

up the pressure drop. Consequently, ash must be removed by

H

periodical reversing the flow direction of the exhaust gas

through the

H

jJjection of

HH

the ash by i1mpulsed 1n-

filter or blowing o

alr.
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In summary, the 1nvention provides a method for removal of

M

soot, hvdrocarbons, ash and heavy metals being present 1in

exhaust gas from an engine or process equipment, comprising

the steps otf

rassing the exhaust gas at exhaust gas temperature

through the at least one filtration unit each comprising at

least one particulate filter and capturing particles,

ash and heavy metals contained 1n the exhaust gas;

SOOt,

continuously burning the captured soot and adhered hydro-

HH

carbons o

with a catalyst being arranged on the filter;

the at least one particulate filter by contact

periodically opening at least one particle discharge wvalve

1n a particle discharge valve arrangement comprising a par-

H

ticle collector mounted at each of the i1nlets for the

tration units:

—
p—

subsequently pulse 1njecting air into the outlet of

H

at

fil-

least one of the filtration units 1n reverse to the previ-

H

ous flow of the exhaust gas and blowing the particles o

che at least one particulate filter;

closing the at least one particle discharge valve;

and

HH

subsequently repeating the reverse pulse process for all

the one or more filtration units without shutting o

filtration units from the exhaust gas.

The particulate filters for use 1n the i1nvention are pref-

erably made from silicon carbide, cordierite, mullite,

H

H

sald

H

alu-
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minium titanate or sintered metal.

— - e~ 1 -

ow filters,

Tyvpically, the filters are shaped as wal.

H

which ensure the highest cleaning efficiency, but other

filter types may be emploved.

The soot combustion catalyst 1s coated on or 1inside the

filter walls.

H

Catalysts being active 1in the combustion of soot are known

1n the art and described inter alia 1n the patent litera-

ture.

M

A preferred catalyst comprises titanium dioxide, oxides of

vanadium and tungsten and metallic palladium as further

disclosed 1n European patent no. EP1493484 Bl.

H

The catalyst reduces the 1gnition temperature of the

trapped soot down to 350°C and at optimal process condi-

tions further down to 325°C.

An auxiliary engine can be operated at a part load, whereby

che exhaust gas temperature 1s above 325°C. The exhaust gas

temperature above 325°C at the filter 1nlet thus secures

passive regeneration by continuous soot combustion.

H

Heavy fuel o011l contains large amounts of vanadium and 1ron

acting as fuel born additives and facilitate additionally

HH

burning o the soot above 325°C and thereby make 1t unnec-

essary to add additives to the fuel.

H

As mentioned above an essential feature of i1nvention 1s re-
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—

trapped ash formed during combustion of the heavy

The particulate filters must be cleaned periodi-

cally. According to the invention this can be done without

shutting

stream, thus omitting the need

si1de the

Ler casse

cleaned need to be shut of:

This also

pact, whi

creasing

The blown

filtration assembly and with a need

for less

off the filter to be cleaned from the exhaust gas

for compartment valves 1n-

fil-

ttes than known systems where the filters to be

—~ —
p—

from the exhaust gas stream.

renders the entire filtration assembly more com-

ch may be essential 1n e.g. retrofitting existing

standards.

—~ —
p—

O-

filtration systems on ships to ensure compliance with in-

f ash may be removed from the filter units by a

proper particle discharge valve arrangement and conveyed to

a container which may comprise an auxiliary

—~ 0 -

T1lter.

All the filter units can be cleaned by the above method ac-

cording to the i1nvention 1n a cyclic cleaning loop.

The

englne or process can remaln 1n continuous operation be-

cause all

time, even during reverse pulse cleaning of

unit at a

H

cime.

H

During cleaning of the particulate filters,

—

d

filter units remain 1n filtration mode at all

filtration

alr 1s 1njected

1n reverse to the previous flow of the exhaust gas at an

1njection

H

pulse duration of between 10 and 600msec,

ably 300 msec.

at least

particles

In the cleaning cycle,

one filtration unit by a nozzle. The blown o

H

are collected at the 1nlet of the

alr 1s 1njected 1nto the outlet of

H

prefer-

)

H

filtration unit
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by a particle collector.

H

In further an embodiment of the i1nvention, the air for

pulse 1njection 1s withdrawn from an accumulator tank with

compressed ailir at a pressure 4 to 10 barg, preferably 6.5

barg.

In yet another embodiment, the unit/s are arranged 1in a
pressure vessel upstream an engine turbocharger or other
process equipment. The exhaust gas may then be passed

H

through the filter unit/s at a pressure of between 0 and 3

barg.

The soot combustion temperature can 1n this embodiment be

kept at a more optimal level about 400°C without additional

exhaust gas heating. As a further advantage, the pressure

drop over the particulate filter(s) 1s decreased when in-

H

creasing the pressure of the exhaust gas and the tempera-

ture. This results 1n a diminished filter volume reqgquired

—
p—

for e:

fective filtration and facilitates e.g. retrofit 1in-

stallation on ships with limited space for exhaust gas

Lreatment.

The filtration process 1s 1n still an embodiment addition-

H

ally combined with selective catalytic reduction (SCR) of

nitrogen oxides (NOX) 1n the exhaust gas prior to the gas

is passed through the filter unit/S or after the gas has

passed through the filter unit(s).

As the engine 1s operated above a minimum load resulting in

an exhaust gas temperature of at least 325 °C the thermal

H

mass of the SCR unit has a negligible e

H

‘ect on the passive
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—

of the downstream filter unit(s).

H

feature of the 1nvention as disclosed above 18

the possibilility to remove sulphur oxides being formed when

burning heavy fuel 011l 1n the engine. The upstream soot

burning catalyst 1s resistant to sulphur compounds and has

a limited SO, to SO3 oxidation potential.

Thus, 1n a further embodiment the method comprises the ad-

H H

ditional step of reducing amounts of sulphur oxides con-

tained 1n the exhaust gas by scrubbing the gas with an al-

kaline solution or sea water 1n an open or closed loop,

H

- the at least one filter unit. The scrubber’s

downstream o3

alkaline counter current circulating solution employed 1n

this method step converts the sulphur oxides to harmless

alkaline metal sulphates or sulphites. The sulphur oxides

are thereby almost completely removed and the clear low

turbidity spent solution 1s either discharged to the sea or

accumulated

As a further

for delivery on-shore.

advantage, seawater can be used to mix with

scrubber ligquid. As heavy metals and soot are removed by

~he filters,

che captured sulphur oxide content 1n the

scrubber ligquid can then be appropriately diluted for pH

control and discharged to the sea.

The 1nvention provides furthermore a filtration assembly

H H

for removal of particles of soot and ash being present 1in

exhaust gas

from an engine oOor process equipment comprising

one or more exhaust gas 1nlet pipes connecting each the en-

H H

glne or process equipment with the 1nlet of each of the one
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or more filtration units:;

— -

uld communication

one or more exhaust gas outlet pipes 1in

H H

wlth the outlet of each of the one or more filtration

units;

at least one particulate filter catalyzed with a catalyst

— —
p—

1O €.

—~ — —
p—

fectuating burning off of soot with adhered hydrocar-

bons connected in parallel within the one or more filtra-

tion units;

)

an alr pulse jet valve arrangement mounted at the outlet of

the one or more filtration units for pulse cleaning, blow-

—~ —
p—

f ash from the at least one particulate filter, the

1Nng O:

alr pulse jJjet valve arrangement comprises one or more pulse

valves, one or more alr blow pipes connected to an alir sup-

H

ply and nozzles 1n the blow pipes for pulse 1njection of

alr through the nozzles 1n the blow pilpes i1nto the at least

one particulate filter; and

a particle discharge valve arrangement mounted at the 1inlet

H

of the one or more filtration units for collecting soot and

ash from the at least one particulate filter during air
pulse cleaning, said particle discharge valve arrangement
comprising one or more particle discharge valves, one or
more dust discharge pipes and one or more particle collec-

H

tors mounted at the exhaust gas inlet of the one or more

filtration units.

The reverse flow through the filter 1s controlled by auto-

matic managing the jet valves at filter outlet as described

below by reference to the drawings.
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Preferred embodiments are disclosed 1in the following. These

embodiments can either be emploved 1ndividually or in com-

bination.

The at least one particulate filter 1s 1in form of a wall

tflow

filter.

The at least one particulate filter 1s coated on walls or

H

1nside walls with a catalyst catalysing burning of cap-

tured soot with adhered hydrocarbons of the filters.

H

)

The catalyst consists of titanium dioxide, oxides of vana-

dium and tungsten and metallic palladium.

—

Body of the at least one particulate filter 1s prepared

from silicon carbide, cordierite, mullite, aluminium titan-

ate or sintered metal.

The one or more alr blow plpes are connected to an accumu-

lator tank with compressed air.

The one or more filtration units are arranged 1n a pressure

vessel upstream an engine turbocharger.

The one or more filtration units are arranged downstream an

engline turbocharger.

The one or more exhaust gas outlet pipes connect the one or

Mmore

filtration units to a downstream selective catalvyvtic

reduction unit comprising a denitrification (SCR) catalyst.
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10

The one or more exhaust gas 1nlet pipes connect the one or

more filtration units to an upstream selective catalvyvtic

reduction unit comprising a denitrification (SCR) catalyst.

The one or more exhaust gas outlet pipes connect the one or

more filtration units to a scrubber unit.

A selective catalytic reduction unit comprising a denitri-

fication (SCR) catalyst unit 1s connected upstream to the

one or more filtration units and downstream to a scrubbing

unit.

The selective catalytic reduction unit 1s arranged upstream

an engine turbocharger.

The system comprises further a by-pass pipe by-passing the

H

exhaust gas at least one of the one or more filtration

units.

—

ferent embodiments of the

—

The various advantages of the di:

—
p—

system according to the i1invention are already discussed

above 1n connection with the disclosure of the method ac-

cording to the invention.

Features of the invention

H

1. Method for removal of soot, hydrocarbons, ash and

heavy metals belng present i1in exhaust gas from an engine or

process equipment, comprising the steps of

rassing the exhaust gas at exhaust gas temperature

through the at least one filtration unit each comprising at
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11

least one particulate filter and capturing particles, soot,

ash and heavy metals contained 1n the exhaust gas;

continuously burning the captured soot and adhered hydro-

HH

carbons o

with a catalyst being arranged on the filter;

the at least one particulate filter by contact

periodically opening at least one particle discharge valve

1n a particle discharge valve arrangement comprising a par-

ticle collector mounted at each of the i1inlets for the fil-

tration unit;

subsequently pulse 1njecting air i1nto the outlet

—

H

O at

least one of the filtration units 1n reverse to the previ-

H

ous flow of the exhaust gas and blowing the particles o

—~ 0 -

the at least one particulate filter;

HH

closing the at least one particle discharge valve; and

subsequently repeating the reverse pulse process for all
the one or more filtration units without shutting off said
filtration units from the exhaust gas.

2 . The method of feature 1, wherein the at least one par-
ticulate filter 1s 1n form of a wall flow filter.

3. The method of feature 2, wherein the catalyst 1s coat-

ed on or i1nside the walls of the at least one particulate

filter.

)

4, The method of anyone of features 1 to 3, wherein the

H

H

- vanadium

catalyst comprises of titanium dioxide, oxides o1
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12
and tungsten and metallic palladium.
D. The method of anyone of features 1 to 4, wherein body

H

of the at least one particulate filter 1s prepared from

silicon carbide, cordierite, mullite, aluminium titanate or

sintered metal.

— —
p—

o . The method of anyone of features 1 to 5, wherein the

H

alr 1s pulse 1njected with i1injection pulse duration of be-

tween 10 and 600 msec, preferably 300 msec and wherein the

particle discharge valve 1s opened between 1 and 5 sec,

preferably 2 sec before the injection pulse duration and

closed between 2 and 15 sec, preferably 6 - 8 sec after the

1njection pulse duration.

H H

/. The method of anvyone o:

features 1 or 6, wherein the

alr for pulse 1injection 1s withdrawn from an accumulator

tank with compressed air at a pressure 4 to 10 barg, pref-

erably 6.5 barg.

H

3 . The method of anyone of features 1 to 7, wherein the

at least one filter unit 1s arranged 1n a pressure vessel

upstream an engine turbocharger or a cement production pro-

cess.

—
p—

9. The method of feature 8, wherein the exhaust gas 1s

passed through the at least one filter unit at a pressure

H

of between 0 and 3 barg.

H

10. The method according to anyone of features 1 to 9,

H

comprising the further step of selective catalytic reduc-

H

tion of nitrogen oxides 1n the exhaust gas prior to the gas
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1s passed through the at least one filter unit or

after the

gas has passed through the at least one filter unit.

H

11. The method according to anyone of features 1

H

to 10,

H

comprising the further step of reducing amounts o:

= sulphur

ox1des contained 1n the exhaust gas by scrubbing the gas

with an alkaline solution or sea water 1n an open

—

loop, downstream of the at least one filter unit.

H

12. Filtration assembly for removal of particles

or closed

H

O soOo0Ot

and ash being present 1n exhaust gas from an engine 0Or pPro-

cess equlpment comprising

one or more exhaust gas 1nlet pilpes connecting each the en-

H

H

glne or process equipment with the inlet of each of the one

—

or more filtration units;

one or more exhaust gas outlet pipes 1n fluid communication

H H

wlth the outlet of each of the one or more filtration

units:

at least one particulate filter catalyzed with a catalyst

for effectuating burning o of soot with adhered

bons connected 1n parallel within the one or more

tion units;

an alr pulse jet valve arrangement mounted at the

hydrocar-

filtra-

)

outlet of

the one or more filtration units for pulse cleaning, blow-

HH

1ng O

the air pulse jet valve arrangement comprises one

ash from the at least one particulate filter, where

Or Imore

pulse valves, one or more alir blow pipes connected to an

alr supply and nozzles 1n the blow pipes for pulse 1njec-
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14

—

tion of air through the nozzles 1n the blow pipes 1nto the

at least one particulate filter;

a particle discharge valve arrangement mounted at the inlet

0 of the one or more filtration units, for collecting soot

and ash from the at least one particulate filter during air

pulse cleaning, the particle discharge valve arrangement
comprising one or more particle discharge valves, one or
more dust discharge pipes and one or more particle collec-

H

10 tors mounted at the exhaust gas i1nlet of the one or more

filtration units.

13. The system of feature 12, wherein the at least one

—

particulate filter 1s 1n form of a wall flow filter.

15

H

14. The system of feature 13, the at least one particulate

filter 1s coated on walls or inside walls with a catalyst

H H

catalysing burning of captured soot of the filters.

—
p—

20 15. The system of anyone of features 12 to 14, wherein the

H H

catalyst consists of titanium dioxide, oxides of vanadium

and tungsten and metallic palladium.

H

16. The system according to anyone of features 12 to 15,

H

25 wherein the body of the at least one particulate filter 1is

prepared from silicon carbide, cordierite, or mullite or

aluminium titanate or sintered metal.

H H

17. The system of anyone of features 12 to 16, wherein the

30 one Oor more alr blow plpes are connected to an accumulator

tank with compressed air.
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15

— —
p—

18. The system of anyone of features 12 to 17, wherein the

one or more filtration units are arranged 1n a pressure

vessel upstream an engine turbocharger.

H H

19. The system of anyone of features 12 to 18, wherein the

one or more filtration units are arranged downstream an en-

gilne turbocharger or a cement production process.

H H

20. The system of anvyone of features 12 to 19, wherein the

one or more exhaust gas outlet pipes connect the one or

more filtration units to a downstream selective catalytic

reduction unit comprising a denitrification catalyst.

— —
p—

21. The system of anvyvone of features 12 to 19, wherein the

one or more exhaust gas 1nlet pilpes connect the one or more

—

filtration units to an upstream selectilive catalytic reduc-

tion unit comprising a denitrification catalyst.

H H

22. The system of anyone of features 12 to 19, wherein the

one or more exhaust gas outlet pipes connect the one or

more filtration units to a scrubber unit.

23. The system of anyone of features 12 to 19, wherein a

—

selective catalytic reduction unit comprising a denitrifi-

cation catalyst unit 1s connected upstream to the one or

more filtration units and downstream to a scrubbing unit.

H H

24, The system of anyone of features 20 to 23, wherein the

selective catalytic reduction unit 1s arranged upstream or

downstream an engine turbocharger.

H

25. The system of anvyone of features 12 to 24, further

)
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filtration units.

H

H

following description of

—

flow sheet of

H

flow sheet of

a spec]

bv-pass plpe by-passing the exhaust gas at

the method and system will

—

fic

‘erence to the drawings in which

the method and system

and

the method and system

according to the 1nvention during a cleaning pulse.

Position numbers

Re

having three
mounted i1nside.
or other process 1s led to the

exhaust gas 1nlet pipe 07.

02.
03.
04.
0o.
06.
Q7.
08.

B'1

FExhaust

bly,

tion units,

cles.

ferring now to Fig.

the exhaust gas

The cleaned exhaust gas

Filtration unit with particulate

Fxhaust gas with particles

tration assembly

Blow plpe nozzles.

Alr pulse jet valve arrangement.

Particle collector.

Exhaust gas 1nlet pipe.

gas outlet pipe.

1, a

where the particle

Particle discharge valve arrangement.

filtration units 02 with particulate

Within the housing o:

H

flows through all three o:

flows out of the

filter(s).

filtration assembly 1s shown

filters

from an engine

filtration assembly by the

H

-~ the assem-

the filtra-

filters retains the parti-

filtration
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units and exits the filtration assembly by the exhaust gas

outlet pipe 08.

As the particles build up during operation, the pressure

loss through the particle filters increases and they need

to be cleaned. This 1s done by shortly providing a back

H

flush of air at a pressure high enough to provide a pulse

—

through the particle filters 1n opposite direction of the

exhaust gas flow. The cleaning back flush 1s provided to

one filtration unit at a time 1n a cycle.

The cleaning pulse 1s provided by an air pulse jet wvalve

arrangement 04, which has a blow pilipe nozzle 03 mounted

—

near or at the exit of each filtration unit, poilnted 1in a

direction towards the particle filters 1n reverse direction

H

of the exhaust gas flow. The blow pipe nozzles are connect-

ed via plping to pulse valves which controls the alr pulse

cycle. One valve at a time opens 1n a short time for the

H

flow of cleaning air back through the one or more particle

—

filters in each of the filtration units one by one.

The particles which are released from the particle filters

during each cleaning i1incident 1n the cycle 1s collected and

extracted from the filtration assembly by particle collec-

tors 06 which are mounted near or at the 1nlet of the f11-

tration units, at least one for each filtration unit. All
the particle collectors are connected by piping to the par-

ticle discharge wvalve arrangement 05, which conveys the

particles from the filtration assembly and out to a sepa-

rate container (not shown) which may have a further auxil-

l1ary filter mounted (not shown). The particle discharge

valve arrangement also operates 1n a cycle, which 1s relat-
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ed to the air pulse cleaning cycle. I.e. before a jet pulse

H

1s blown through one of the filtration units, the particle

H H

valve connected to the particle collector of the same fi1l-

tration 1s opened. A relative higher pressure within the

filtration assembly than in the particle discharge valve

H

arrangement provides a flow of gas from the filtration as-

sembly and out through the opened particle collector.

Shortly after a particle collector 1s opened and an out-

H

flow of gas 1s obtained through said particle collector,

the related pulse valve 1s opened and the cleaning air

pulse jet 1s provided to the related filtration unit, as

seen on Fig. 2. In the embodiment shown in Fig. 2 the pres-

H

sure di

"erence between the filtration assembly and the

particle discharge valve arrangement 1s 30 mbar, which

H

drives the outflow of gas from the filtration assembly

through the opened particle collector, the connected pilping

and further out through the opened particle discharge

valve. As the particle collector 1s connected near or 1n

H

the 1nlet opening of the filtration unit, the released par-

ticles due to the alr jJet pulse 1s conveyed to and through

the particle collector due to the out-flow driven by the

H

"erence.

pressure di

As seen on Fig. 2, and essential for the 1nvention, the ex-

haust gas continues to flow through the filtration assembly

unhindered by the cleaning pulse, since the pulse flow 1s

relative small compared to the total exhaust gas flow.

Therefore no valves are needed to shut-off the filtration

unit during pulse cleaning, 1t 1s momentarily byv-passed by

HH

the exhaust gas stream due to the local pressure differ-

H

ence. This makes the lay-out of the filtration assembly

more simple than known systems, and also renders the fil-
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tration assembly more compact, since no extra filter capac-

1ty 1s needed during the short back-pulse cleaning cycle,

which may last only a few seconds or less than a second.
To avoid that particles, soot, ash or the like contalned 1in

the exhaust gas which 1s passed through the one or more

filtration units are fixed too hard to the filters 1t may

be necessary to keep the exhaust gas temperature below

—

460 C or preferably in the range of 380°C - 420 C. Other-

wlise sald particles may melt or burn and thereby fix so

hard to the filters that the reverse pulse flow through the
filters 1s not able to remove the particles sufficiently to
keep a base pressure drop over the filters, depending on

H

the composition of the fuel.

It may be advantageous to 1nstall a heat exchanger up-

o~ 1 — o~

stream the one or more filtration units to ensure a suffi-

clently low exhaust gas temperature up-stream the filtra-

tion units.

Examples

H

The purpose of this test was triggered by a severe observa-

c1on made on Queen Victoria where the reactor by mistake

was exposed to a temperature close to 480°C. This generated

H

a high dP across the BMC-101WF filter due to deposits of a

white/vellow metal sulfate ash compounds found on the inlet

H

"1cult to re-

surface 1nside the channels. This ash was di

move by reverse alr pulsing as the ash was stuck to the

filter surface probably due to melting at this high temper-

ature.

H

FEspecially sulfate compounds of vanadium, nickel and sodium

were 1dentified to have low melting ash phases. To repro-
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duce these conditions and find a reliable temperature pro-

cess wilindow, metal additives of V, Na and S were added to

MGO during these tests. The pressure-drop was measured at

H

erent

400-420-440-460 and 480°C (graph 7). During these di

test conditions no un-expected 1ncrease 1n pressure drop

has been observed. But at the inlet temperature 480°C some

white/vellow deposits was found on the filter connected to

the SO 2 /SO 3 sampling probe, which indicate the same ash
deposits as seen on Queen Victoria - the o1l contained 660
ppm V, 36 ppm Na, 31 ppm N1 and 2,52 3 S at this tempera-
ture. At the lower temperatures 400 - 460°C black ash was

found on i1nlet filter sample as expected i1ndicating an un-

melted ash with a carbon rest.
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Claims:

H

Method for removal of soot, hydrocarbons, ash and

heavy metals belng present in exhaust gas from an engine or

process equipment, comprising the steps of

rassing the exhaust gas at exhaust gas temperature

through the at least one filtration unit each comprising at

least one particulate filter and capturing particles,

ash and heavy metals contained i1in the exhaust gas;

SOOTt,

continuously burning the captured soot and adhered hydro-

HH

carbons o

with a catalyst being arranged on the filter;

the at least one particulate filter by contact

periodically opening at least one particle discharge valve

1n a particle discharge valve arrangement comprising a par-

H

ticle collector mounted at each of the i1nlets for the

tration units:

H

subsequently pulse 1njecting air into the outlet of

at

fil-

least one of the filtration units 1n reverse to the previ-

H

ous flow of the exhaust gas and blowing the particles o

the at least one particulate filter;

closing the at least one particle discharge valve;

and

HH

subsequently repeating the reverse pulse process for all

the one or more filtration units without shutting o

filtration units from the exhaust gas.

H

H

said

2 . The method of claim 1, wherein the at least one par-
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ticulate filter 1s 1n form of a wall flow filter.
3. The method of claim 2, wherelin the cata.

H

on Oor 1nside the walls of

ter.

4, The method of anvyvone of claims 1 to 3,

—

ox1des of

—

catalyst comprises of

titanium dioxide,

and tungsten and metallic palladium.

D. The method of anvyone of claims 1 to 4,

the at least one particulate filter 1s prepared

con carbide, cordierite, mullite,

sintered metal.

a1ms to O,

o . The method of anyone of cC.

10 and 600 msec,

cle discharge valve 1s opened between 1 and 5 sec,

H

1s pulse 1njected with 1njection pulse duration of

the at least one particulate

wherein body of

PCT/EP2016/0535774

vst 1s coated

fil-

whereln the

vanadium

)

from s1l11-

aluminium titanate or

whereiln the air

between

preferably 300 msec and wherein the parti-

era-

pre:

bly 2 sec before the injection pulse duration and closed

between 2 and 15 sec, preferably 6 - 8 sec after the 1njec-
tion pulse duration.
7. The method of anyone of claims 1 or 6, wherein the air

for pulse 1njection 1s withdrawn
with compressed air at a pressure 4 to 10 barg,

6.0 barg.

3 . The method of anvyone of claims 1 to 7,

least one

pre:

from an accumulator tank

‘erably

wherein the at

filter unit 1s arranged 1n a pressure vessel up-

stream an engine turbocharger or a cement production pro-

cess.
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The method of claim 8, wherein the exhaust gas

)

6/055774

18

passed through the at least one filter unit at a pressure

O

1

prising the

O

H

0.

—

I between 0 and 3 barg.

H

H

The method according to anyone of claims 1 to 9, com-
further step of selective catalytic reduction

f nitrogen oxides 1n the exhaust gas prior to the gas 1s

passed through the at least one filter unit or after the

gas has passed through the at least one

1

prising the

1.

The method according

H

filter unit.

to anyone of claims 1 to 10, com-

H H

further step of reducing amounts of sulphur ox-

1des contained 1n the exhaust gas by scrubbing the gas with

an alkaline solution or sea water 1n

1

loop,

2 .

—

downstream of the at least one filter unit.

The method according

H

an open or closed

to anyone of claims 1 to 11,

H

wherein the exhaust gas temperature of the exhaust gas

which 1s passed through the at least one filtration

H

unit 1s

kept in the temperature range of 380 C - 420°C to avoid

that any particles, soot,

1

3.

che exhaust gas are fixed

Filtration assembly

ash and heavy metals contained 1n

for the reverse pulse to remove them.

—

00 hard to said filtration unit

for removal of particles o:

and ash belng present 1n exhaust gas from an engine

cess equipment comprising

- SO0t

Or Pro-

one or more exhaust gas 1nlet pipes connecting each the en-

glne or process equipment with the i1nlet of each of

or more filtration units:

H

)

the one



10

15

20

2

30

CA 02980663 2017-09-22

WO 2016/150805

24

PCT/EP2016/0535774

one or more exhaust gas outlet pipes 1n fluid communication

H H

wlth the outlet of each of the one or more filtration

units;

at least one particulate filter catalyzed

for effectuating burning o of soot with

bons connected 1n parallel within the one

tion units;

an alr pulse jJjet valve arrangement mounted at the outlet of

with a catalyst
adhered hydrocar-

or more filtra-

)

the one or more filtration units for pulse cleaning, blow-

HH

1Nng O ash from the at least one particu

the air pulse jet valve arrangement compr
pulse valves, one or more air blow pipes
alr supply and nozzles 1n the blow pipes

H

tion of alr through the nozzles 1n the Db

at least one particulate filter; and

late filter, where

1ses one Oor more

connected to an

for pulse 1njec-

ow pilpes 1nto the

a particle discharge valve arrangement mounted at the inlet

—
p—

of the one or more filtration units, for

and ash from the at least one particulate

pulse cleaning, said particle discharge v

comprlsing one or more particle discharge

more dust discharge pipes and one or more

H

tors mounted at the exhaust gas 1nlet of

filtration units.

14. The system of claim 13, wherein the

H

ticulate filter 1s 1n form of a wall flow

H

15. The system of claim 14, the at least

filter 1s coated on walls or 1nside walls

collecting soot

filter during air

alve arrangement
valves, one or
particle collec-

the one or more

at least one par-

filter.

one particulate

with a catalyst
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catalysing burning of captured soot of the filters.

16. The system of anyone of claims 13 to 15, whereilin the
catalyst consists of titanium dioxide, oxides of vanadium
and tungsten and metallic palladium.

17. The system according to anyone of claims 13 to 16,
wherein the body of the at least one particulate filter 1s

prepared

from silicon carbide,

or mullite or

cordierite,

aluminium titanate or sintered metal.

H

18.

wherein the

The system of anyone O:

- claims 13 to 17,

one or more alr blow plpes are connected to an accumulator

tank with compressed air.

H

H

whereln the

claims 13 to 18,

19. The system of anyone o:

one or more

filtration units are arranged 1n a pressure

vessel upstream an engine turbocharger.

—

20.

whereln the

The system of anyone O:

orne or more

- claims 13 to 19,

filtration units are arranged downstream an en-

glne turbocharger or a cement production process.

H

21.

wherein the

The system of anyone O:

- claims 13 to 20,

one or more exhaust gas outlet pipes connect the one or

Mmore

reduction unit comprising a

H

22 .

filtration units to a downstream selective catalytic

denitrification catalyst.

wherein the

The system of anyone O:

- claims 13 to 20,

one or more exhaust gas 1nlet pipes connect the one or more

tilon unilit comprising a denitr:

filtration units to an upstream selective catalytic reduc-

fication catalyst.
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claims 13 to 20, wherein the

one or more exhaust gas out.

et pipes connect the one or

more

24,

The system of

lective catalytic reduction

H H

anyone of

filtration units to a scrubber unit.

- claims 13 to 20, wherein a se-

unilit comprising a denitrifica-

tion catalyst unit 1s connected upstream to the one or more

H

filtration units and downstream to a scrubbing unit.

wherein the

25. The system of anvyone O:

- claims 21 to 24,

selective catalytic reduction unit 1s arranged upstream or

downstream an engine turbocharger.26.

one of claims 13 to 25,

byv-passing the exhaust gas at least one of

—~ 0 -

filtration units.

H

21. The system of

anyone o:

heat exchanger 1s arranged up-stream the one or more
tration units to ensure that the exhaust gas temperature of

the exhaust gas which 1s passed through said

units 1s kept below 420 C

H

The system of

any-

further comprising a by-pass pipe

H

the one or more

whereln a

- the claims 13 to 260,

fil-

filtration
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