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Title: Process for the modification of the surface charge
DESCRIPTION

Field of application

The present invention relates to a process for the modification of the
surface charge and the abatement of particulate matter produced by the
combustion of organic matter, such as sludges, biomass, refuse, fuels
from anaerobic digestion and solid fuels.

Prior art

Particulate matter (PM) is formed by a set of very small (solid or liquid)
particles which are dispersed in the atmosphere. The particles are
classified on the basis of their characteristic dimensions: the fine dusts,
also called PM o, include all the particles with dimensions as small as 10
micrometres diameter, and the PMas comprises all the particles with a
diameter of up to 2.5 micrometres. There is also the ultrafine particulate
matter (UFP), with a diameter < 0.1 pm, formed mainly by combustion
residues (PMo.1).

Reference is made to "primary" particulate matter when the particles are
emitted directly into the atmosphere by sources such as vehicles,
industrial plants, building sites and the combustion of organic materials.

"Secondary" particles instead originate from processes for the chemical
conversion and condensation of primary gaseous substances and consist
mainly of sulphates and nitrates, derived from the reactions of sulphur
dioxide and nitrogen oxide conversion products with ammonia and from

organic substances (so-called "secondary organic component").

In general, the "coarse" fraction of the PMo, i.e. with a size of between 2.5
and 10 micrometres, is composed mainly of primary particles, while the
PMa. s contains in particular secondary particles.

The combustion processes generate particles formed by a carbonaceous
core, on the surface of which various uncombusted substances or high-
temperature reaction products are adsorbed. These include sulphates,
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nitrates, metals, organic compounds such as hydrocarbons, and their
derivatives. The dimensions of these particles vary within a wide range of
dimensions, from a few thousandths to a few tens of micrometres. As
regards motor-vehicle emissions, the particulate matter in diesel-engine
emissions consists mainly of elementary carbon in which organic
substances and traces of metal compounds are adsorbed, while the
particulate matter emitted from petrol engines consists mainly of
inorganic compounds, including metal compounds, and a small organic

fraction.

In view of their small dimensions, the fine dusts - in particular the finer
components - may penetrate into the more delicate parts of the lungs, i.e.
the alveoli, and reach partly the lymphatic and blood vessels.

The continuous infiltration of foreign matter into the alveoli may damage
the layer of cells responsible for the gaseous exchanges (the intake of
oxygen and the expulsion of carbon dioxide) and cause respiratory
problems. Moreover, these particles are toxic and/or cancerogenous and

may give rise to serious illnesses over time.

The dangerous nature of PMio, and in particular PMas, has been
demonstrated by numerous epidemiological studies. PM2s is in fact a
complex mixture of thousands of chemical compounds and some of these
are extremely toxic. In particular these toxic compounds consist of
polycyclic aromatic hydrocarbons, the cancerogenous nature of which has
been duly proven.

The harmful effects of PMio and PMas are proportional to the
concentration and (as has already been declared by the World Health
Organization) it is not possible to determine a value below which PMio or
PM2 s are no longer a health risk. The effects may be acute on those days
where the concentration of pollutants is higher, e.g. acute respiratory
infections, asthma attacks, blood circulation problems and ischemia,
worsening of respiratory and heart problems in persons prone to such
conditions. Other chronic effects are due to the presence of the pollutants
in the air over a long period of time: persistent cough and catarrh, chronic
bronchitis or diminished lung capacity.

It would therefore be desirable to reduce to the lowest possible level the
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emissions of particulate matter and in particular PMio, PM2.s and PMo.; in
connection with processes which involve the combustion of organic

matter.

In the present description below specific reference will be made to a
process for the modification of the surface charge and the abatement of
particulate matter resulting from processes for combustion of sludges,
biomass, refuse, fuels from anaerobic digestion and solid fuels used in
connection with plants for the generation of electric and/or thermal
energy from such organic materials, but this process may also be applied
to the abatement of particulate matter from any type of combustion
process.

In connection with the processes for combustion of sludges and biomass
mentioned above means for reducing the particulate matter introduced
into the atmosphere, such as cyclones, scrubbers, bag filters and
electrostatic precipitators, are at present used.

However, the efficiency of these particulate matter abatement means is not
entirely satisfactory as regards the reduction in the levels of PMio, PMa s
and PMo.1 emitted.

These conventional technologies do not take into account the hydrophobic
and electrostatic properties since the particles are charged in equal
polarity conditions and therefore repel each other.

WO 00/30733 A1l discloses a method for the treatment of combustion
effluent containing nitrogen oxide, in which the combustion effluent is
treated with a liquid treatment additive composition comprising urea,
water and an oxygenated organic compound, in the presence of a catalyst.
In particular, such additive composition can comprise 30-70% b.w. of
water, 20-40% b.w. of urea and 1-40 b.w. of an oxygenated organic
compound, which may be, i.a., propylene glycol.

This method is aimed at reducing NO: emissions and not particulate
emissions and is based on the use of urea and a catalyst, while the use of
the oxygenated organic compound, as it appears from Example 3, is
optional.
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WO 00/30733 Al does not disclose any apparatus suitable for carrying
out the method therein described.

US 3 209 519 A relates to the dehydration of moisture-laden natural gas
by absorption of water vapors with a liquid absorbent. Among the liquid
absorbers, diethylene glycol and triethylene glycol solutions containing up
to 2% water can be used.

US 6 391 100 B1 discloses a gas scrubber for removing particulate and
undesired gases from a gas stream, which comprises a container 110
(Figure 1) suitable for bringing a gas stream into intimate contact with a
fluid 113, which may be water or may include propylene glycol. This
document does not disclose a reactor suitable for bringing the gas exiting

the above-mentioned container into intimate contact with water.

WO 00/56844 Al discloses a method and apparatus for the drying of
natural gas, in which natural gas containing water is fed to a turbulent
contactor 11 (Fig. 1), which may be a Venturi, into which triethylene glycol
is also fed, in order to absorb the water contained in the gas, which is
then conveyed to a gas/liquid separator. A reactor suitable for bringing
the gas exiting the above-mentioned contactor into intimate contact with
water is not disclosed.

Summary of the invention

One object of the present invention is therefore to provide a process for the
modification of the surface charge and the abatement of the particulate
matter contained in flue gases emitted during combustion processes,
which comprises the passage of these flue gases through a reactor, in
which they are brought into intimate contact with a water-miscible liquid
polyol or with a mixture of this polyol with water.

Preferably the process envisages a subsequent step of passage of the flue
gases exiting the aforementioned reactor through a further reactor, in

which said gases are brought into intimate contact with water.

Preferably the process according to the present invention also comprises a
step of passage of the flue gases exiting the aforementioned reactor
through a demister before they are fed to the aforementioned further
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reactor.

Preferably, the aforementioned reactor consists of a scrubber which uses
as washing liquid a water-miscible liquid polyol or a mixture of said polyol

with water.

Preferably, the aforementioned further reactor consists of a scrubber
which uses water as washing liquid.

Preferably, the aforementioned water-miscible liquid polyol is a glycol, and
advantageously it is propylene glycol or a propylene glycol/water mixture.

Preferably, the aforementioned propylene glycol/water mixture contains
not more than 60% water and advantageously 5 to 20% water, by weight
relative to the total weight of the mixture.

According to one aspect thereof, the present invention relates to a plant
for the modification of the surface charge and the abatement of particulate
matter contained in flue gases emitted during combustion processes,
comprising a reactor suitable for bringing these flue gases into intimate
contact with a water-miscible liquid polyol or a mixture of said polyol with
water and a further reactor suitable for bringing the flue gases exiting

from the aforementioned reactor into intimate contact with water.

Preferably the plant according to the present invention also comprises a
demister arranged between the aforementioned reactor and the
aforementioned further reactor.

Preferably, the aforementioned reactor consists of a scrubber which uses
as washing liquid a water-miscible liquid polyol or a mixture of said polyol

with water.

Preferably, the aforementioned further reactor consists of a scrubber
which uses water as washing liquid.

The aforementioned scrubbers may consist of Venturi scrubbers, inertial
scrubbers, scrubbers as described in patent application EP O 749 772 or a

combination of the same.

According to a further aspect thereof, the present invention relates to the
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use of a water-miscible liquid polyol or a mixture of this polyol with water
as washing liquid in a scrubber.

Preferably, this polyol is a glycol and advantageously it is propylene glycol
or a propylene glycol/water mixture.

Preferably, this propylene glycol/water mixture contains not more than
60% by weight of water relative to the total weight of the mixture and is
conveniently a mixture containing 5% to 20% of water relative to the total
weight of the mixture.

It has been surprisingly found that the use of a water-miscible liquid
polyol or a mixture of said polyol with water and in particular of propylene
glycol or a propylene glycol/water mixture, in particular a propylene glycol
mixture containing not more than 60% by weight of water, as washing
liquid inside the scrubber through which flue gases produced by
combustion processes are passed, results in the near total abatement of
the particulate matter, with substantial zeroing of the PMio and PMas
values and significant reduction of the PMo.1 of the flue gases exiting from
this scrubber.

The subsequent passage through a second scrubber, which uses water as
washing liquid, allows abatement of the propylene glycol or other water-
miscible liquid polyol present in aerosolized form in the flue gases exiting
the first scrubber and cooling of the flue gases before they are discharged
into the atmosphere.

The passage, where applicable, through a demister of the flue gases
exiting the first scrubber has the function of achieving initial abatement
of the propylene glycol or other polyol mist conveyed by the flue gases
before they are fed to the second scrubber.

Without adhering to any particular theory, it may be assumed that the
surprising abatement of the particulate matter obtained using a water-
miscible liquid polyol, in particular propylene glycol, or a mixture thereof
with water as washing liquid inside the first scrubber may be attributable
to the affinity of the polyol, in particular propylene glycol, with the
lipophilic organic compounds (e.g. the polycyclic aromatic hydrocarbons)
adsorbed on the carbonaceous particles which form the particulate
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produced by the combustion processes. Since the liquid polyol, for
example the polypropylene glycol, is also water-soluble, the subsequent
passage of the flue gases which exit the first scrubber and convey the mist
of propylene glycol or other water-miscible liquid polyol through the
second water scrubber allows abatement of the propylene glycol (or other
water-miscible liquid polyol) which is aerosolized before the flue gases are
discharged into the atmosphere.

With reference to the water-miscible liquid polyol which is particularly
preferred for the purposes of the present invention, namely propylene
glycol, it should be said that this compound has a boiling point (188.2°C)
sufficiently high to be used in total safety for the treatment of flue gases.
The flue gases treated at the inlet of the scrubber using propylene glycol
must have a temperature lower than the boiling temperature of the latter.
Moreover, propylene glycol is a substance which is perfectly safe from a
toxicological point of view since it is characterized by the absolute absence
of cancerogenous and genotoxic effects.

It is in fact currently used in the pharmaceutical, food and cosmetics
industries (the Cosmetic Ingredient Review (CIR) Panel considers
propylene glycol to be safe for cosmetic use in a concentration of up to
50%).

The process according to the present invention therefore allows the
removal of the particulate present in the flue gases derived from
combustion processes in totally safe conditions for the operating staff,
while fully respecting the environment.

The present invention will be further described with reference to an
embodiment thereof, provided purely by way of a non-limiting example,
with reference also to the attached drawing.

Brief description of the drawings

Figure 1 shows in an entirely schematic form a plant for realizing a mode

of implementation of the process according to the present invention.

Figure 2 shows a schematic cross-section of a scrubber which may be
used in the process according to the present invention.
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Detailed description of a preferred embodiment

Figure 1 shows in schematic form a plant for implementing the process
according to the present invention, which comprises a reactor 1, typically
consisting of a scrubber, a demister 2 and a further reactor 3, also
typically consisting of a scrubber.

With reference to this figure, the process according to the present
invention envisages the feeding of flue gases produced by a combustion
process to the reactor 1. Inside the reactor 1 the flue gases come into
intimate contact with a liquid flow consisting of a water-miscible polyol, in
particular a glycol and preferably propylene glycol or a mixture of this
polyol with water, preferably a propylene glycol/water mixture, which
extracts from these flue gases the solid particles contained therein. The
liquid flow exiting the reactor 1 is conveyed away to a purification stage
(by means of filtration or centrifuging) and, once purified, may be fed back
to the reactor 1.

The flue gases exiting from the reactor 1 are fed to a demister 2 which may
be, for example, of the grille or metal pad type, in order to pull down the
polyol, in particular propylene glycol, which is entrained in aerosol form
by the flue gases exiting the reactor 1.

The flue gases exiting the demister 2 are then fed to the further reactor 3
where they come into contact with a water flow, which extracts from the
flue gases the residual droplets of polyol, for example propylene glycol,
which have not been eliminated inside the demister 2. The reactor 3
therefore discharges a water flow containing, in dissolved form, the
aforementioned polyol, for example propylene glycol, not eliminated inside
the demister 2 and a flow of flue gases substantially devoid of particulate
matter at a temperature which is suitable for direct discharging into the
atmosphere.

The water discharged from the reactor 3 is conveyed to suitable stages for
purification (by means of membrane filters), so as to free it from the polyol,
for example propylene glycol, and residual particulate matter.

The reactors 1 and 3, as stated above, are typically scrubbers and may be
conventional Venturi scrubbers or inertial scrubbers or scrubbers such as
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the one described in patent application EP O 749 772 which has been
illustrated schematically in Figure 2. Said scrubber comprises:

- a tubular body 11 with a cylindrical inner wall, which is provided with a
cooling jacket 14 and is closed at the opposite extremities by end plates
12, 13 and is provided with an inlet aperture 15 for the admission of flue
gases and with at least one discharge aperture 16;

- a coaxial shaft 17 extending longitudinally and supported rotatably
inside the tubular body 11;

- at least one group of blades 18 fixed radially on said shaft 17;

- at least one rotating body 19 with a purely conical shape fixed on said
shaft 17 coaxially therewith, the base of which body faces the discharge
aperture and has a diameter almost equal to the diameter of the inner wall
of the cylindrical tubular body 11, with which it forms an annular
passage;

- means 10 for the admission of liquid into the tubular body 11 upstream
of said at least one rotating body with a purely conical shape, and

- optionally one or more nozzles 20 on the inner wall of the cylindrical
tubular body 11, for the spray admission of a liquid.

With use of such apparatus, the process according to the present
invention has been applied, in the example shown hereinbelow, to the flue
gases of a plant for the production of electric energy by means of

combustion of biomass.
EXAMPLE

The flue gases of a plant for the production of electric energy by means of
the combustion of biomass (ligneous material/agricultural and industrial
waste) were continuously fed to a Venturi scrubber 1 in which propylene
glycol was used as washing liquid.

A flow of flue gases, which had undergone washing with propylene glycol,
and a flow of propylene glycol, was discharged continuously from the
scrubber 1. The flue gases output from the scrubber 1 were fed
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continuously into a demister 2 of the grille type for elimination of most of
the propylene glycol entrained by the flue gases in aerosol form.

A flow of flue gases and a flow of propylene glycol were discharged
continuously from the demister. The propylene glycol was combined again
with that discharged from the scrubber 1 and conveyed to a centrifuging
purification stage.

The flue gases exiting the demister were fed to a Venturi scrubber 3 in
which water was used as washing liquid.

A flow of water containing the residual propylene glycol not eliminated by
the demister and a flow of flue gases substantially free from particulate
matter were discharged continuously from the scrubber 3.

In particular, determination of the PMio in these flue gases provided a
value <0.2 ug/ms3 and determination of the PMa.s provided a value of <0.1
ug/ms3 (PMo.1 < 0.05 ug/ms3).

The water discharged from the scrubber 3 was conveyed to a membrane
filter for purification of the water.
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CLAIMS

1. A process for the modification of the surface charge and the
abatement of particulate matter contained in flue gases emitted during
combustion processes, which comprises the passage of said flue gases
through a reactor (1), in which said gases are brought into intimate
contact with a water-miscible liquid polyol or with a mixture of said polyol

with water.

2. The process according to claim 1, wherein said water-miscible liquid
polyol is a glycol, preferably propylene glycol.

3. The process according to claim 1 or 2, comprising a step of passage of
said flue gases exiting said reactor (1) through a further reactor (3), in
which said flue gases are brought into intimate contact with water.

4. The process according to claim 3, comprising a step of passage of
said flue gases exiting said reactor (1) through a demister (2} before said
flue gases are fed to said further reactor (3).

5. The process according to claim 1 or 2, wherein said reactor (1) is a
scrubber, preferably a Venturi scrubber or an inertial scrubber.

6. The process according to claim 3 or 4, wherein said further reactor (2)
is a scrubber, preferably a Venturi scrubber or an inertial scrubber.

7. A plant for the abatement of particulate matter contained in flue
gases emitted during combustion processes, comprising a reactor (1)
suitable for bringing said flue gases into intimate contact with a water-
miscible liquid polyol or a mixture of said polyol with water, and a further
reactor (3) suitable for bringing the flue gases exiting said reactor (1) into

intimate contact with water.

8. The plant according to claim 7, wherein said reactor (1) and said
further reactor (3) consist of scrubbers.

9. The plant according to claim 8, wherein said scrubbers consist of
Venturi scrubbers or inertial scrubbers or a scrubber comprising:

- a tubular body (11), having a cylindrical inner wall (11a), which tubular
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body is provided with a cooling jacket (14) and is closed at its opposite
extremities by end plates (12, 13) and is provided with at least one inlet
aperture (15) for the admission of flue gases and with at least one
discharge aperture (16),

- a coaxial shaft (17) extending longitudinally and supported rotatably
inside the tubular body (11),

- at least one group of blades (18) fixed radially on said shaft (17),

- at least one rotating body (19) with a purely conical shape fixed on said
shaft (17) coaxially therewith, the base of which body faces the discharge
aperture and has a diameter almost equal to the diameter of the inner wall
of the cylindrical tubular body (11), with which it forms an annular
passage,

- means (10) for the admission of liquid into the tubular body (11)
upstream of the at least one rotating body (19) with a purely conical
shape, and

- optionally one or more nozzles (20) on the inner wall of the cylindrical
tubular body (11), for the spray admission of a liquid.

10. The plant according to any one of claims 7 to 9, comprising a
demister (2) arranged between said reactor (1) and said further reactor (3).

11. Use of a water-miscible liquid polyol or a mixture of said polyol and

water as a washing liquid in a scrubber.

12. The use according to claim 11, wherein said water-miscible liquid
polyol is propylene glycol.

13. The use according to claim 12, wherein a propylene glycol/water
mixture containing not more than 60% by weight of water relative to the
total weight of the mixture, and preferably a mixture containing 5% to
20% of water relative to the total weight of the mixture, is used as the
washing liquid.
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