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CATALYTIC COMVERTER
George E. Scheitlin and Charles F. Draut, Columbus,
Ind., assignors {o Arvin Industries, Ine., Columbus, Ind.,
a corporation of Indiana
Filed Mar. 9, 1961, Ser. No, 94,687
9 Claims. (€l 23—-288)

This invention relates to a catalytic converter for ex-
haust gases, and more particularly to a catalytic con-
verter for removing the undesirable components present
in the exhaust gases emanating from an internal combus-
tion engine.

The combustion of fuel in an internal combustion
engine, particularly in the internal combustion engines.
in automobiles, is incomplete, thereby causing a high
percentage of unburned hydrocarbons and carbon monox-
ide to be discharged from the engine with the exhaust
gases. These hydrocarbons and carbon monoxide when
introduced into the atmosphere in sufficient quantities
produced an atmospheric condition referred to as smog.
It has been found, however, that these smog-producing
pollutants can be removed from the exhaust gases by
certain chemical and/or thermal treatments of the ex-
haust gases.

It is therefore the general object of cur invention to
provide a catalytic converter which will remove the smog-
producing pollutants from the exhaust gases of an auto-
mobile internal combustion engine. More specifically, it
is an object of our invention to provide a catalytic con-
verter which will remove a high percentage of the un-
desirable pollutants in an exhaust gas stream, which can
be adjusted to control the amount of removal of said
poliutants, and which will effect a removal of such pol-
lutants substantially immediately upon engine start-up.
It is a further object of our inveation to provide such
a catalytic converter which can be economically manu-
factured largely from sheet-metal, which will hold a large
quantity of material for converting said pollutants to non-
noxious by-products, which will have limited space re-
quirements, and which will produce minimal back pres-
sures.

In accordance with the preferred form of our invention,
there is provided an insulated outer shell having its ends
closed by a pair of end caps supporting inlet and outlet
conduits at the opposed ends of the converter. A con-
version chamber adapted to hold a catalytic material is
mounted within said shell, said chamber having its pair
of opposed major faces perforated for gas flow there-
through. A pair of baffle plates are mounted cn the
ends of the conversion chamber to close the same, and
extend beyond the cross-sectional extent of said chamber
for connection to the outer shell to thus form a pair of
plenum chambers interposed between the ends of the
chamber and the shell. Conveniently, means may be
provided in the conversion chamber for increasing the
rate of activation and/or the rate of conversion effected
by the catalytic material.

Desirably, the movement of the exhaust gases into and
out of the conversion chamber is directed by inlet and
outlet ducts interposed between the conversion chamber
and shell and connected at one of their ends to one of
said baffle plates. The inlet duct has its inlet end open
to one of said plenum chambers and its opposite end
connected to one of the baffle plates, and the outlet duct
has its outlet end open to the opposite plenum chamber
and its opposite end connected to the other of said pair
of baffle plates. Conveniently, the portion of the baffle
plates interposed between the inlet and outlet ducts and
the shell are perforated whereby the voids between said
inlet and outlet ducts and the shell will serve as sound
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attenuating chambers for attenuating the noise level of
the exhaust gases passing through the converter.

A by-pass tube is mounted in the baffle plates and ex-
tends from the plenum chamber at the inlet end of the
converter through the conversion chamber to project
outwardly through the end cap at the outlet end of the
converter. OQutside the extent of the converter said by-
pass tube connects with the outlet conduit which is pro-
vided with a control valve mounted upstream to said con-
nection to thus direct the exhaust gas movement either
through the conversion chamber in which case the ex-
haust gases are subjected to the conversion action of the
catalytic material, or through the by-pass tube in which
case the exhaust gases are not subjected to the action
of said catalytic material.

Other objects and features of our invention will be-
come apparent from the more detailed description which
foliows and from the accompanying drawings, in which:

FIG. 1 is a longitudinal horizontal section taken on
the line I—1 of FIG. 2, and showing a catalytic con-
verter embodying our invention;

FIG. 2 is a longitudinal vertical section taken on the
line 2—2 of FIG. 1;

FIG. 3 is an enlarged vertical cross-section taken on
the line 3—3 of FIG. 2;

FIG. 4 is an enlarged vertical cross-section taken on
the line 4—4 of FIG. 2;

FIG. 5 is an enlarged vertical cross-section taken on
the line 5—5 of FIG. 2;

FIG. 6 is an enlarged fragmentary section showing
the interconnection between the shell sidewalls and one
of the end caps;

FIG. 7 is a longitudinal horizontal section taken on
the line 7—7 of FIG. 8, and showing a modified form of
the converter shown in FIG. 1;

FIG. 8 is a longitudinal vertical section taken on the
line 8—8 of FIG. 7;

FIG. 9 is an enlarged wvertical cross-section taken on
the line 9—9 of FIG. 8;

FIG. 10 is an enlarged vertical cross-section taken on
the line 18-—18 of FIG. 8; and

FIG. 11 is an enlarged vertical cross-section taken on
the line 11—11 of FIG. 8.

As shown in FIGS. 1 and 2, our converter is housed
in an elongated shell construction comprising an inner
shell 15 and an outer shell 16, the shell 16 having cir-
cumferentially extending beads 18 adjacent each of its
ends to provide a spacing between the intermediate
stretches of the shells 15 and 16 for holding a layer of
insulation 28. As shown in FIG. 6 the shells 15 and 16
abut each other at their ends and are rigidly connected
as by common roll seams 24 to a pair of end caps 22 clos-
ing the ends of the shells. As shown in FIGS. 1 and 2,
a pair of partitioning walls 26 and 27 are mounted on the
inner walls of the inner shell 15 slightly inwardly from
the end caps 22. Each of the walls 26 and 27 is provided
with a shouldered aperture 28 disposed in alignment with
a corresponding shouldered aperture 3§ formed in each
end cap 22. The openings in the wall 26 and its adjacent
end cap 22 support an inlet conduit 32 extending in-
wardly from the end of the converter and terminating
inwardly of the wall 26, and the axially offset openings
in the wall 27 and its adjacent end cap 22 support an
outlet conduit 34 extending outwardly from the converter
from a point inwardly of the wall 27.

Interposed between the walls 26 and 27 and spaced
therefrom is a conversion chamber 36. As shown in
FIG. 3, the side walls 38 of the conversion chamber 36
abut and mate with the inner wall of the shell 15 to thus
support the conversion chamber 36 within the shell with
its upper and lower walls 40 and 42 in spaced relation
to the upper and lower stretches of said shell. The upper
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and lower walls 40 and 42 of the chamber 3§ are pro-
vided with louvered openings 44 which thus permit move-
ment of the exhaust gases through said chamber. As
shown in FIGS. 1 and 2, the ends of the chamber 36 are
closed by a pair of baffle plates 46 and 48 which are
rigidly secured to the inner shell 15 to thus further sup-
port the chamber within said shell. Conveniently, addi-
tional baffle plates 58 are rigidly mounted on the in-
terior of the chamber 36 and provide cross-braces there-
for.

The conversion chamber 36 is adapted to be filled with
a catalytic material 3% which may be introduced into the
chamber 36 through a fill opening extending through the
shell and chamber side walls and closed by a plug 53.
However, such catalytic materials are commercially avail-
able in a size and shape such that they will not fall out
of the chamber through the louvered openings 44, The
catalytic materials which are now available are heat-
activated and heat-destroyed, and they are adapted to
effect an oxidation of hydrocarbons and carbon monoxide
into carbon dioxide and water vapor with the evolution
of heat. Examples of such catalysts are vanadium pentox-
ide, nickel oxide, copper oxide, platinum, etc.

Since these catalytic materials are heat-activated, and
in order that they may be activated immediately upon
engine start-up, it is frequently desirable to employ a
pair of glow plugs 54 connected to suitable sources of
energy and embedded in the catalyst. Thus, upon ener-
gization of the glow plugs 54, they heat the catalyst to a
temperature to activate it to effect conversion, but onc
the conversion begins, the heat evolved from such con-
version will maintain the catalyst at an elevated tempera-
ture and the glow plugs 54 may be de-energized.

In certain applications it may be desirable to preheat
the exhaust gases prior to their flow through the catalyst
to thus effect a greater degree of conversion of the nox-
ious pollutants. To this end, a heat exchanger 56, con-
veniently in the formx of a layer of ceramic, steel wool,
or the like is interposed between the upper conversion
chamber wall 48 and the top of the catalyst bed, the heat
exchanger 56 being supported in the chamber by the
catalyst bed.

To uniformly distribute the flow of the exhaust gases
through the conversion chamber, we provide elongated
inlet and outlet ducts 58 and 8. As shown in FIG. 2,
the inlet end of the inlet duct 58 is disposed in alignment
with the baffle plate 46 and opens into an inlet plenum
chamber 62, the ends of which are formed by the baffle
plate 46 and the partitioning wall 26. The inlet end of
the duct 58 abuts the shell £5 partially around its inner
circumference with the longitudinally extending edges of
said duct being turned inwardly as at 64 and secured to
the upper face of the conversion chamber wall 48. The
duct 58 slopes downwardly from the shell 15 with its
opposite end being rigidly secured to the baffle plate 48
intermediate the shell 15 and the upper chamber wall 49.
Conversely, the outlet end of the duct 60 abuts the shell
15 partially around its inner circumference adjacent the
outlet end of the converter and is in open communication
with an outlet plenum chamber 64, the ends of which
are formed by the baffle plate 48 and the partitioning wall
27. The outlet duct 68 has its longitudinally extending
edges bent inwardly as at 68 and rigidly secured to the
lower conversion chamber wall 42. The outlet duct 66
slopes upwardly from its abutment with the shell 15 with
its opposite end rigidly secured to the baffle plate 46 in-
termediate the shell 15 and the lower conversion cham-
ber wall 42. Such construction provides a chamber inlet
of constantly decreasing volume and a chamber outlet of
constantly increasing volume to thus cause the exhaust
gases to pass through the conversion chamber uniformly
throughout its length and width for effecting a maximum
utilization of the catalyst and an efficient conversion of
the exhaust gas pollutants.

As shown in FIG. 2, the baffle plate 46 extends down-
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wardly from the chamber 3§ and is secured to the shell
15, with the portion of said plate interposed between the
outlet duct 69 and the shell 15 being provided with a
plurality of perforations 67. Conversely, the baffle plate
48 projects upwardly from the conversion chamber 38
and is secured to the shell 15, with the portion of said
bafiie piate disposed between the inlet duct 58 and shell
15 being provided with a plurality of perforations 69.
Thus, the space between the inlet duct 58 and the shell
%5 forms a sound attenuating chamber 78 disposed in
operative communication with the outlet plenum cham-
ber 66 by means of the perforations 62, and the space
between the cutlet duct 6% and the shell 15 forms a sec-
ond aitenuating chamber 72 disposed in operative com-
munication with the inlet plenum chamber 62 by means
of the perforations 67. As shown in FIGS. 1 and 5,
additional sound attenuation of the exhaust gas noises
is achieved by providing a plurality of louvered open-
ings 74 in the partitioning walls 26 and 27 to acoustically
couple the spaces between said partitioning walls and the
end caps 22 with the inlet and outlet plenum chambers
62 and 66. As will be apparent, the chambers 7¢ and
72 as well as the chambers provided by the walls 26 and
27 also serve as thermal insulating barriers to thus main-
tain the caialyst at efficient operating temperatures.

As previously explained, the oxidizing-type catalysts
which are now available are subject to heat destruction.
If the exhaust gases have excessive percentages of hy-
drocarbons and carben monocxide, which may result from
a malfunction of the engine, then the heat produced by
their conversion may produce temperatures in the con-
version chamber 36 high enough to destroy the catalyst.
Therefore, in order to avoid such destruction it is neces-
sary to control the flow of the gases through the con-
verter and thus control the temperatures of the catalyst.
To this end, we provide a by-pass tube 7§ supported on
shouidered openings formed in the baffle plates 46, 59,
and 48 and aligned openings 78 and 896 in the partioning
wall 27 and iis adjacent end cap 22. As shown in FIG.
1, the tube 76 extends from the inlet plenum chamber 62
through the conversion chamber 36 and outwardly
through the outlet end of the converter for connection to
the outlet conduit 34 ontside the extent of the converter.
To direct the flow of gas through the tube 76, or through
the conversion chamber 36, we provide a control valve
8% mounted in the outlet conduit 34 upstream from its
connection to the by-pass tube 76 and controlled by any
suitable temperature sensing device. With the valve in
its full line positicn shown in FIG. 1, the exhaust gases
enter into the inlet plenum chamber 62, flow down the
inlet duct 58, through the conversion chamber 36 where
the pollutants are converted to carbon dioxide and water
vapor, out the outlet duct 69 and plenum chamber 66, and
then exit the converter through the outlet conduit 34.
When the valve 82 is moved into its dotted line position
shown in FIG. 1, the exhaust gases move from the inlet
plenum chamber 62 directly into the by-pass tube 76 to
pass through the converter and into the outlet duct 34
without having been subjected to any action of the cat-
alyst.

In the modified form of our converter shown in FIGS.
7-11, there is provided inner and outer shells 15" and
16" separated by an insulating layer 2§’, and having their
ends closed by a pair of end caps 22’. A pair of trans-
verse partitioning walls 26’ and 27’ are secured to the
inner shell 5’ inwardly of the end caps 22’. The walls
26" and 27" and their adjacent end caps 22’ are provided
with shouldered openings 28" and 3¢’ respectively, which
support inlet and outlet conduits 32’ and 34’ for convey-
ing the exhaust gases into and out of the converter.

A conversion chamber 36’ having closed side walls 38/,
and oppcsed top and bottom walls 40 and 42’ provided
with louvered openings 44/, is carried within the shell
15 inwardly from the partitioning walls 26’ and 27.
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The ends of said chamber are supported on, and closed
by, a pair of baffle plates 46’ and 48’ rigidly connected
to the inner shell 15’.

As with our other modification, the chamber 36’ is
adapted to hold a catalytic material 39" which will convert
the pollutants in the exhaust gases into carbon dioxide
and water vapor. In order to support the weight of the
catalyst, the chamber 38’ may be provided with longi-
tudinally spaced cross-braces 58’. Also, as with -our
other modification, the rate of activation of the catalyst
may be increased by heat-radiating glow plugs 54’ ex-
tending inwardly through the shells 15’ and 16’ into the
interior of the chamber 36’. The efficiency of the cat-
alyst may also be improved by the provision of a heat
exchanger 56’ supported on the catalyst immediately be-
low the upper chamber wall 48’ in a position such that
it will absorb the heat of the catalyst bed and preheat the
gases entering the conversion chamber. Convenienily,
the catalyst may be introduced into the chamber 36’
through a fill pipe 83 extending outwardly from the
chamber 38" and the outer shell 16" and closed by a
threaded plug 53’ received in a fitting mounted in the
converter shell.

To control the flow of the exhaust gases through the
conversion chamber 36’, we provide an inlet duct 58’
mounted along the edges of the upper chamber wall 40,
One end of said duct is secured to the inner shell 15"
adjacent the inlet end of the converter and opens into an
inlet plenum chamber 62’ formed by the baffle plate 46°
and the partitioning wall 26’. The opposite end of the
duct is connected to the baffle plate 48" whereby said
duct forms an inlet passage for the chamber 36’ of con-
stantly decreasing volume. An outlet duct ¢’ is mount-
ed on the lower wall 42’ of the conversion chamber
with one of its ends abutting the inner shell 15" and dis-
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posed in open communication with an outlet plenum -

chamber 66’ formed by the baffle plate 48" and the parti-
tioning wall 27’. The opposite end of the duct 68" is
rigidly secured to the baffie plate 46" adjacent the inlet
end of the converter and thus forms an outlet passage
of constantly increasing volume. In this manner, the
ducts 58’ and 60’ provide a uniformly distributed flow
of exhaust gases through the chamber 36’.

As with the other modification of our invention, the
bafile plate 46" is provided with a plurality of perfora-
tions 67 interposed between the outlet duct 68’ and the
shell 15’ whereby the space 72’ between said duct and
shell serves as an insulating and sound attenuating cham-
ber. Similarly, the baffle plate 48" is provided with a
plurality of perforations 69" interposed between the duct
58’ and the shell 15’ whereby the space 7¢° between said
duct and shell also serves as an insulating and sound
attenuating chamber. The partitioning wall 26’ may also
be provided with louvered openings 74’ to operatively
inferconnect the space between said partitioning wall and
the adjacent cap 22 with the inlet plenum chamber 62’
whereby said space may also serve as an insulating and
sound attenuating chamber.

The primary distinction between the modification
shown in FIGS. 7-11 and the modification shown in
FIGS. 1-6 resides in the structure for by-passing the
exhaust gases around the chamber 36’. In both modifica-
tions, the outer shells of the converter are elliptical, and
the conversion chambers are generally rectangular. In
the modification shown in FIGS. 1-5 the conversion
chamber 36 extends laterally across and abuts the lateral
edges of the shell on its long axis, whereas in the modi-
fications shown in FIGS. 7-11, the lateral extent of the
conversion chamber 36’ is less than the long axis of the
elliptical outer shell so that the space between the cham-
ber side walls 38" and the inwardly presented wall of the
shell 15’ forms a pair of by-pass passages 84 for conduct-
ing the exhaust gases around the conversion chamber 36’.

As shown in FIG. 7, a pair of semielliptical pipes 86
are interposed between the chamber 36" and the shell 15
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in alignment with the by-pass passages 84. The parti-
tioning wall 27’ is carried between the pipes 86 so that
said pipes form continuations of the by-pass flow pas-
sages 84 which terminate in the space between the parti-
tioning wall 27’ and its adjacent end cap 22’. The by-
passed exhaust gases leave the converter through a by-
pass tube 76’ carried in a shouldered opening 89" formed
in the end cap 22’ at the outlet end of the conveter. The
by-pass tube 76’ connects with the outlet conduit 34’
downstream from a by-pass control valve 82’ mounted
in said outlet conduit and activated by any suitable tem-
perature sensing means. Thus, with the valve 82’ in its
full line position shown in FIG. 7, the exhaust gases will
flow through the conversion chamber 36’ wherein the
noxious pollutants will be converted into carbon dioxide
and water vapor, and with the valve in its dotted line
position shown in FIG. 7 said exhaust gases will by-pass
the chamber 36’ to flow along the passages 84 and pipes
86 and exit the converter through the by-pass tube 76’.

As will be understocd, in the modification shown in
FIGS. 7-11 the by-passed exhaust gases flow through
the converter adjacent its exterior and are thus subjected
to the cooling effect of the air moving over the exterior
of the converter. This produces a more effective cooling
of the exhaust gases than with the modification shown
in FIGS. 1-6, and thus effects a more rapid cooling of
the catalyst carried within the conversion chamber 36'.
However, when gases are not fiowing through the by-pass
it forms a pair of insulating volumes which prevent the
edges of the catalyst from becoming excessively cooled
by the radiation and conductive effects of the shell sur-
faces.

While we have shown both modifications of our inven-
tion as employing elliptically shaped shells, our invention
also contemplates the employment of any type shell and
conversion chamber configuration in which substantial
portions of the conversion chamber will be spaced from
walls of the enclosing shell.

We claim as our invention:

1. In a catalytic converter for removing noxious pol-
lutants from an exhaust gas stream, an outer shell having
its ends closed by a pair of end caps, wall-forming means
mounted within said shell inwardly from each of said
end caps, the wall-forming means adjacent at least one
of said-end caps being perforated to form a sound attenu-
ating chamber adjacent at least one end of said shell, gas
inlet and outlet conduits carried in said end caps and
wall-forming means and disposed in open communication
with the interior of said shell adjacent its opposed ends,
means mounted in said shell and forming a conversion
chamber adapted to hold a catalyst for removing the
noxious pollutants from the exhaust gases, said means
having a pair of opposed perforated wall surfaces spaced
from the adjacent wall portions of said shell, an inlet duct
connected to one of said pair of wall surfaces and an
outlet duct connected to the other of said pair of wall
surfaces, one end of said inlet duct being in open com-
munication with the inlet conduit and connected to the
adjacent wall portion of said shell and the opposite end
of said inlet duct being connected to a first baffle plate
extending between said shell and conversion chamber,
one end of said outlet duct being in open communica-
tion with said outlet conduit and connected to the ad-
jacent wall portion of said shell and the opposite end of
said outlet duct being connected to a second baffle plate
extending between said shell and conversion chamber, said
opposite ends of said inlet and outlet ducts being con-
nected to said first and second bafile plates at points
spaced from said shell, and means forming a by-pass pas-
sage operatively interconnecting said inlet and outlet
conduits whereby the exhaust gases may pass through the
converter without passage through the catalyst.

2. The invention as set forth in claim 1 in which said
first and second baffle plates are perforated between their
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respective connections to said inlet and outlet ducts and
the shell.

3. In a catalytic converter for removing noxious pol-
lutants from an exhaust gas stream, an outer shell having
its -ends closed by a pair of end caps, gas inlet and out-
let conduits in open communication with the interior of
said shell adjacent its opposed ends, means mounted in
said shell inwardly from said end caps and forming a
conversion chamber adapted to hold a catalyst for re-
moving the noxious pollutants from the exhaust gases,
duct means interposed between said shell and conversion
chamber and connected thereto for conducting the ex-
haust gases from said inlet conduit to said conversion
chamber and from said conversion chamber to said out-
let conduit, the major portions of said duct means being
spaced from said shell and having openings formed there-
in to form a pair of sound attenuating chambers between
said .conversion chamber and shell, and means forming
a by-pass operatively inter connecting said inlet and out-
let conduits whereby the exhaust gases may pass through
the converter without passage through said catalyst,

4. The invention as set forth in claim 3 in which said
shell comprises an inner and outer member abutting each
other at their ends and secured to said end caps by com-
mon  fastening means, said inner and outer members
being spaced from each other intermediate their ends
and housing an insulating layer therebetween. )
" 5. The invention as set forth in claim 3 with the addi-
tion that heat-retaining means are mounted in said con-
version chamber and extend over the face of said cham-
ber immediately adjacent said duct means conducting ex-
haust gases from said inlet conduit.

6. The invention as set forth in claim 3 in which said
conversion chamber-forming means has a first pair of
opposed curved sides in mating abutment with a pair of
opposed curved portions of inner face of said shell and
a second pair of opposed sides spaced from the -adjacent
portions of the inner face of said sheil, and said duct
means are interposed between said second pair of op-
posed sides and said adjacent portions of the inner face
of the shell.

7. The invention as set forth in claim 3 in which said
means forming the by-pass comprises an imperforate tube
mounted in said chamber and extending therethrough,
said tube being rigidly connected to said shell and cham-
ber and having one of its ends in open communication
with said inlet conduit within said converter and its op-
posite end projecting outwardly from the converter and
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8
connected to said outlet conduit, and valve means for
seiectively controlling the flow of exhaust gases through
said tube.

8. The invention as set forth in claim 3 in which a pair
of sides of said chamber are spaced from said shell to
form a pair of passages extending longitudinally along
a pair of opposed sides of the converter throughout the
major extent thereof, and said means forming the by-

pass comprises a pair of conduits connected.to said cham-

ber and shell and in open communication with said pair
of passages, a third conduit connected to said shell and
said outlet conduit in open communication with said pair
of conduits and outlet conduit, and valve means for con-
trolling the flow of exhaust gases through said passages.

9. In a catalytic converter for removing noxious pol-
lutants from an exhaust gas stream, an outer shell hav-
ing its end closed by a pair of end caps, wall-forming
means mounted in said shell inwardly from each of said
end caps, the wall-forming means adjacent at least one
of said end caps being perforated to form a sound attenu-
ating chamber, gas inlet and outlet conduits, shell carried
in said end caps and wall-forming means and disposed in
cpen communication with the interior of said shell ad-
jacent its opposed ends, means mounted in said shell and
forming a conversion chamber adapted to hold a catalyst
for removing the noxious pollutants from the exhaust
gases, and duct-forming means for conducting the ex-
haust gases from said inlet conduit to said conversion
chamber and from said conversion chamber to said cut-
let conduit, said duct-forming means being oriented with
respect to said conversion chamber to define a gas inlet
and a gas outlet for said conversion chamber having,
respectively, progressively smaller and larger cross-sec-
tional extents from the end of said conversion chamber
adjacent the inlet conduit to the end of said chamber ad-
jacent the outiet conduit, the major portions of said duct-
forming means being spaced from said shell and having
openings formed therein to form a pair of sound attenu-
ating chambers between said conversion chamber and

shell.
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