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(57) Abstract

The exhaust gases from internal combustion engines, petrol and diesel alike, whether fitted to motor vehicles or used
as fixed prime movers in industry, are rid of entrained solid particles and unburned hydrocarbons by a filter comprising a
number of distinct stages (10, 20, 30, 40), including at least two filtration stages (10, 40) filled with a highly permeable me-
tal material, located one at either end, a further filtration stage (20) filled with a clay refractory (21), and at least one sedi-
mentation stage (30) consisting in an empty chamber (31) located between two successive filtration stages.
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A FILTER FOR THE ABATEMENT OF SOLID PARTICLES AND R
UNBURNED HYDROCARBONS ENTRAINED IN THE EXHAUST GASES

FROM INTERNAL COMBUSTION ENGINES.

Description

The invention relates to a filter for the abatement
essentially of solid particles and unburned hydro-
carbons entrained in the exhaust gases from internal
combustion engines, whether used for the propulsion
of motor vehicles or as prime movers in permanently
{nstaLLed'domestic, community or industrial power
transmission systems, and whether fuelled by petrol
or diesel. |

For some time now, researchers have been concerned

~with the problem of environmental pollution caused

by'emissions in the exhaust from internatl combust%on
engines, their aim being to find ways of reducing
the quantity of polluting and toxic post-combustion
substances released into the atmosphere from engines
fuelled both by petrol carburation (0tto cycle) and
by:{djection and compression (diesel).

The polluting agents in question are identifiable in

the main as carbon dioxide, hydrocarbons that have

~escaped combustion, oxides of nitrogen, sulphur and

lead, and entrained solid matter or fuel ash, which
will be present in proportions that vary according
to the different types of engine, and attributable
for the most part to lLess-than-perfect mingling of
the air-and-fuel mixture, and incomplete combustion.

Attempts to curb pollution have been made thus far
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in two main directions. On the one hand, research
has,been-concenirated on improving and modifying the
‘carburation, injection and mixing of engine fuels,
expebimenting with the shape of combustion chambers,
05 - valves and passages, and optimizing the combustion
7,cycle; on the other, researchers have recognized the
extreme difficulty of creating ideal conditions for
‘combustion and maintaining them constant in the Llong
term, and in the various operating and environmental
10 situations encountered. Accordingly, efforts have
Calso beenrmade to find ways and means, remote from
the engine, of reducing emissions to as great an
extent as possible.
To this end, thermal reactors have been designed
15  that inducerreheat by injecting further fuel and air
' at suitable tEmpérature; a chemical type of'reheat
has also been produced by the adoption of catalytic
silencers, aLthodgh these silencers have proven to
be effective only against the oxides of carbon and
20 ' nitrogen and unburned hydrocarbons, whereas rapid
rdeterioration;occurs through poisoning of the noble
catalyst metal by lead oxides and entrained matter.
VDieseL engines, in particular, produce exhaust gases
in which the concentration of entrained particles is
25 ~much higher-than that of the oxides of nitrogen, and
as catalytic silencers cannot be utilized in such a
situation, remedies must be sought in improvement of
the combustion cycle and regular servicing of the
engine.

30 Finally, attempts have been made to fit a variety of
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types'bf filter to the tail-pipe, e.g. wire mesh,
fabric, foam, dry or oil-bath etc... Such expedients
have proved totally unsuitable However, by reason of
the fapid rate at which blockage occurs; a blocked
filter occasions back-pressure through the exhaust
system;_and as a result, significant loss of engine
output and further deterioration of the combustion

cycle.

'Inra move aimed at remedying blockage probLems,ri.e.
at eliminating the back-pressure that occurs through
ieXhaust systems due to the blockage of conventional
'ékhaust filters, the present inventors have designed
and built an exhaust system incofporating a device,
| -apteﬁto house one or more filter elements, that can
.,15 ',ﬁf be opened up and inspected to permit of servicing

‘the elements when blocked or due for replacement;

the filtration device in question is also designed

tb guarantee a steady flow of the exhausting gases,

" and to ensure that no loss of engine output will

occur as a result of filters becoming blocked.

Tﬁe exhaust system and the device for housing the
filter elements constitute the subject matter of a
separate application filed by the same applicant.
With the development of this new method of utilizing
exhaust filters for internal éombustion engines, the
marked inefficiency and high cost of conventional
fiLtérs have become significantly apparent; not only
are the offending poLLﬁtants subjected to an action
that is both incomplete and selective, but also, the

useful Life of the filter tends to be singularly
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short; In essence, conventional filters manage at
best to trap a certain quantity of the Larger solid’
particfesrentrained,rand if fitted, say; to a poorly
serviced diesel engine, uiLL_either.show signs of
blockage after just a few hours operation, and/or
deteriorate as a result of the high temperatures to

which they become subject. Whilst it is true that

larger and more expensive filters have been designed

to ensure efficient operation, these are suitable

~only for large engines in industrial applications.

Naturally enough, it is unrealistic to think in
terms of designing a filter capable of eliminating
or trapping all of the polluting agents entrained or
dissolved in exhaust gases; insteiﬁ, resear;h must
be directed toward the deveLopmen; of filters that

will produce a highly efficient and lasting effect

on the more troublesome and toxic agents, whilst the

means of controlling the remaining emissions must be
sought in improvements to the combustion cycle and

regular servicing of the engine.

Accordingly, the object of the present invention is

to design an exhaust filter capable, in particular,

-of trapping as great a quantity as possible of solid

particles and unburned hydrocarbons, given that
these ehissions are the most highly toxic, and are
the ones providing a ready indication of the smoke
content in exhaust gases.

A further object ofrthe invention is to embody a
filter of considerabterdurabi}ity and efficiency,

resistant to high exhaust temperatures, that will be

o
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suitable for installation at any given point along
the exhaust-system downline of the exhaust manifold.
Another object of the invention is to provide an
efficient, lLow cost filter suitable for use with any
- 05 given internal combustion engine, petrol and diesel-
fuelled alike, whether fitted to motor vehicles or
used in driving domestic, civil or industrial power
transmission systems.
An additional object of the invention is to embody a
10  filter that is able, if not actually to eliminate
emissions other.§han'§oLids and hydrocarbons, then
at least to preQ;nt ﬁheir continued formation in the
exhaust system.
Not Least among the objects of the invention is that
15 of ensuring a given minimum filtration even when the
filter is approaching the end of its useful life,
thereby avoiding back-pressure through the exhaust
system and Loss of output from the engine.
The stated objects, and others besides, are realized
20 by adoption of an exhaust filter as characterized in
the claims appended below; the filter according to
the invention comprises a plurality of single stages
including: |
-at least two stéges located one at either end of
25 the filter, each of which consisting in a filling of
highly bermeabte'metal material; 7 7
-oné stage consisting in a filling of clay based
refractory material;
-at Least one stage consisting in an empty chamber

30 located between two successive filtration stages.
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The invention will now be described in detail, by
way of example, with the aid of the accompanying
drawings, in which:

-fig 1 is the Longitudinal section through a filter
according to the invention; '

-fig 2 is a perspective o% the filter illustrated in

fig 1, viewed in cutaway.

Referring to the drawings, fig 1 shows one example

of how a filter according to the invention might be
embodied with a successiqh of four stages disposed
transversely td the flow of the exhausting gases,
whiﬁh is indicated by the arrows. 10 denotes a first
filtration stage consisting in a filling of steel

wool 11, or alternatively, a plurality of Layers of

- fine gauge wire mesh 12; in either case, the filling

will be highly permeable.

20 denotes a fiLtratioh stage that consists in a
filling of clay based refractory material 21.

30 denotes 2 stage consisting in an empty space.

40 denotes a final filtration stage, consisting in a
fillting of steel Qool 11 identical to the first
stage 10, from which the gases ultimately emerge;
likewise in this instance, the steel wool can be
replaced by layers of fine gauge mesh 12 (e.g. as in
fig 2). 7

The'Varidus stages 10, 20, 30 and 40 are éompassed
between and separated by rigid perforated plates 50
fashioned preferably from sheet metal, as in fig 2.
The succession of stages and the rigid plates 50

between them are retained and supported by 2 hollow

o
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casing 60, preferably of cylindrical shape; in the
example illustrated, therpLates SOALocate in annular
groers 61 afforded by the casing 60, though any
simigai arrangement might be adopted.

05 Inlé preféfred embodiment of the invention, the clay
based refractory materiaL of the filtration stage
denoted 20 will -be an atuﬁina; in the example of the
drawings, the filling 21 appears as a plurality of
regularly or irregularly shaped granules (fig 1),

10 randomly compacted, though the option exists of
utiLiz{ng one or more flat tablets of such material
possessing suitable porosity (not illustrated for
simplicity's sake), for example, sandwiched together
and set transversely in the path of the exhaust%ng

15 gases. At all events, the clay refractory material
will possesé optihum heat resistance fn respect of
the hot exhaust gases, together with high adsorption
properties, natural porosity such as will ensure a
generous adsorbent surface area, and high resistance

20 to chemical attack; also, the alumina content of the
refracfory,materiat, which varies in concentration
from one clay to another, enhances the porosity and
adsorption characteristics of the relative stage 20.
From practical tests effected with the filter, the

- 25 refractory matefial has proved effective in trapping

fuel ash and other solid particles, and unburned
hydrocarbons too, especially those of high molecular
weight.

The stage 30, or rather the empty space, following

30 the refractory, is incorporated for the purpose of
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allowing rapid expansion of the gases; more exactly,
the velocity of the gases is reduced significantly.
in passing through the pores and/or crevices in the
clay material 21, and their expansion at this point
will encourage sedimentation of the entrained solid
particles of greatest volume and molecular weight
that have managed to pass unfiltered throggh the.
previous stages. In a preferred embodiment of the
filter, two of these sedimentation stages 30 could

be incorporated to advantage by lLocating an empty

chamber 31 immediately before and immediatety after

the refractory stage 20. 7
The inifiaL and final stages 10 and 40 in steel wool
11 or mesh 12 serve to effect a moderate degree of
filtration, and equally important, to reduce the
velocity of the gases and favour their entry into
and passage through the filter, thereby avoiding the

negative effects of turbulence that would otherwise

‘be set up at the inlet and outlet points.

With an exhaust filter thus embodied, one achieves
the additional result of bringing about a notable
cooling action on the gases, and indirectly, of
reducing or almost totally preventing the continued

formation of carbon and nitrogen oxides.

The filtration obtainable according to the invention

is efficient and long-lasting by virtue of the fact
that total blockage of the filter never occurs; and
@ given minimum passage of the exhaust gas is always
ensured. Accordingly, a preferred embodiment of the

filter will be provided with holes 62 Located in the

4

4

oy
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casing 60, not necessarily over the entire surface,
but Llimited perhaps to strategic areas, which.will
enable the gases to escape sideways in the eVent'of
there being an obstruction or an insufficiently free
05 passage internally of the filter.
The filter disclosed can be installed at any given
point along the exhaust system, accommodated in a
serviceable housing device tha; affords access for
routine inspection and replacement operations; the
10 " option also exists of installation at the tail-pipe
itéeLf, and in this instance, the casing 60 will be
suitably profiled, or designed for fitment by way of
suitable means of retention and support.
Needless to say, the féregoiné description is in no
15 sense limitative; for example, the filtration stages
described and illustrated might be doubled up and/or
sequenced differently, and the form and position of
the several filling materials and the shape of the
casing similarly varied, without prejudice to the

20 scope of protection afforded by the appended claims.
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claims

A filter for the abatement essentially éf solid
particles and unburned hydrocarbons entrained in the
exhaust gases from internal combustion engines
characterized

in that it comprises a plurality of distinct stages

including: '

-at least two filtration stages (10, 40) located
one at either end of the filter, each of which
consisting in a filling of highly permeable metal
material;

-a filtration étage (20) consisting in a filling of
clay based refractory material (21);

-at least one stage (30) consisting in an empty
chamber (31) located between two successive
filtration stages;

in that the individual stages are compassed between

and separated one from the next by rigid perforated

-plates (50), arranged in succession and accommodated

ﬁnteﬁnally of a hollow casing (60) by which they are
also retained and supported; and

in that the two opposite ends of the casing coincide
with the inlet and outlet surfaces through which

exhaust gases enter the initial filtration stage and

Lleave the final filtration stage, respectively.

e

cav
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A filter as in claim 1, comprising one stage (30)
that consists in an empty chamber (31), located
following the filtration stége (20) filled with
refractory material (21) and preceding the endmost
filtration stage (40) filled with metal. material,
considered in relation to the flow of the exhausting

gases.

A filter as in claim 1, comprising two stages (30),
each consisting in an empty chamber (31), located
one immediately following and one immediately
preceding the filtration stage (20) filled with
refractory material (21), considered in relation to

the flow of the exhausting gases.

A filter as in claim 1, wherein the filling of metal
material consists in a plurality of layers of fine
gauge mesh (12) sandwiched together and disposed

transversely to the flow of the exhausting gases.

A filter as in claim 1, wherein the filling of metal

material consists in steel wool (11).

A filter as in claim 1, wherein the filling of clay

based refractory material (21) is an alumina.

A filter as in claim 1, wherein the filling of clay
based refractory material (21) consists in a randomly
compacted plurality of regularly or irregulartly

shaped granular bodies.
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A filter as in claim 1, wherein the filling of clay
based refractory material (21) consists in one or
moEe fLatrtabLets_of suitable porosity sandwiched
togethef and disposed transversely to the flow of

the exhausting gases.

A filter as in claim 1, wherein the rigid perforated

ptates (50) are fashioned from sheet metal.

A filter as in claim 1, wherein the casing (60) is

of hollow cylindrical shape.

A filter as in claim 1, wherein at least a part of

the surface of the casing (60) is provided with

" holes (62).

A

o
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