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This invention relates .to catalytic apparatus of. the type 
suitable for attachment to the exhaust outlet of an in 
‘ternal combustion engine for eliminating toxic and ob 
noxious components of the exhaust gases therefrom by 
catalytic oxidation. 
An extremely vexatious problem in catalytic devices 

used ‘for the puri?cation of internal combustion engine 
exhaust gases is that connected with thermal expansion 
andcontraction of the components of such devices. Cat 
alytic mufflers, as they are commonly termed, purify ex 
haust gases by oxidizing the toxic and obnoxious compo 
nents vthereof such as carbon monoxide and hydrocar 
bons. The oxidation reactions whichetlect this puri?ca 
tion take place within the mut?er housing and are, of 
course, highly exothermic. The heat liberated by the 
reactions is dissipated in part through the metallic struc 
tural components of the muffler which, as a result, at 
tain ‘elevated temperatures while the device is in opera 
tion. Moreover such mufflers require a plurality of parts, 
for example, an external housing and a means within 
the housing tocontain the bed of catalytic material, which 
attain elevated temperatures of varying magnitude while 
the catalytic operations proceed. Finally since in ordi 
nary operation the speeds of internal combustion engines, 
and particularly automotive engines, is varied over wide 
ranges, the amount of heat liberated within the mother 
per unit of time will also 'vary over wide ranges. 
The cumulative effect of the above mentioned condi 

tions is that in ordinary operation of the mul?er its struc 
tural components will tend to expand and contract rela 
tive to each other at varying rates and to varying de 
grees. If provision is not made to permit such expansion 
and contraction, undesirable thermal stresses will be im 
posed upon the mu?iler which will cause warping and even 
failure of the parts. 

In the copending application of Eugene J. Houdry, 
Serial Number 318,382, for Catalytic Apparatus, ?led 
November 3, 1952, now Patent 2,776,875, there is dis 
closed one type of catalytic device which obviates the 
thermal expansion and contraction problem. In the ap 
paratus there disclosed catalyst-containing trays are se 
cured to a beam which is mounted Within the mu?ler hous 
ing. The beam itself is carried by the housing in such 
manner that it may expand and contract independently 
of the housing thus precluding the possibility of thermal 
stresses between these two members. Also in the Houdry 
application Serial Number 318,382 the beam acts as a 
rigid support for the relatively thin gage catalyst-con 
taining trays. By virtue of this rigid support afforded the 
trays the Houdry invention is particularly adapted to rela 
tively large catalytic mutllers. 
The present invention constitutes an alternative to the 

Houdry device in that it provides su?iciently rigid support 
for the catalyst-containing trays Without recourse to an 
intermediate support such as a beam. Our device is par 
ticularly, but not exclusively, adapted to relatively small 
mutiiers and vprovides a structure in which the parts are 
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free to thermally expand and contract. Furthermore our 
device provides a structure which is highly e?icient in 
purifying exhaust gases. 

It is accordingly one of the objects of the present in 
vention to provide a catalytic mu?ier in which catalyst 
containing trays are carried directly by the mu?ier hous 
mg. 

‘It is a further object of the ‘present invention to provide 
a catalytic muf?er which will accomplish substantially 
complete oxidation of the exhaust gases and in which by 
pass of the catalytic bed by the exhaust gases will be ob 
viated. 

It is a further object of the present invention to pro 
vide a catalytic muffler in which catalyst-containing trays 
mounted therein are free to expand and contract under the 
in?uence of extreme temperature variations independently 
of the housing of the apparatus. 

Further objects of this invention will be apparent from 
the following description and from the annexed drawings 
in which: 

Fig. l is a longitudinal sectional view of one embodi 
ment of the invention taken along the lines 1-1 of Fig. 2. 

Fig. 2 is a cross-sectional view taken along the lines 
2—2 of Fig. 1. 

Fig. 3 is a fragmentary plan view of a foraniinous tray 
of the type usable with my invention. 

Referring to Figs. 1 and 2, the preferred embodiment 
of the present invention comprises a housing 1 consisting 
of an elongated cylindrical shell 2, the open ends of which 
are closed by end plates 3, 3a. A series of aligned ?lling 
holes 2a provided in the shell member 2 permit charging 
of the device with catalytic particles. These openings are 
closed by removable plugs 2b such as threaded plugs or 
expansible rivet type plugs. The right hand end of the 
shell 2, as viewed in Fig. 1, is provided with a radially 
extending peripheral flange 4 which abuts a complemen 
tary offset peripheral ?ange 5 on end plate 3a. Gasketing 
6 interposed between these ?anges provides a substan 
tially pressure tight relationship between the shell mem 
ber 2 and end plate 3a. A removable U-shaped split 
clamping member 7 (Figs. 1 and 2) straddles the ?anges 
4 and 5 and clamps the end plate to the shell member. 
The split ends of this clamping member are connected 
by means of an adjustable connection 8, 8a (Fig. 2) in 
the form of a machine screw and nut which cooperate with 
perforate ears 9 on the split ends of the clamping mem~ 
her 7. End plate 30 is provided With an outlet 10 which 
conducts oxidized exhaust gases to the atmosphere. ‘By 
virtue of the split clamping member, end plate 3a can 
be easily removed when it is necessary to disassemble 
the apparatus. 
End plate 3, shown at the left hand side of Fig. 1, is 

provided with a reversed peripheral ?ange 11 which abuts 
the internal surface of shell member 2. This ?ange is 
welded or otherwise permanently secured to the shell 
member, a continuous seam weld 12 being provided in 
my embodiment of the invention. 
An inlet 13 provided on the face of this end plate per‘ 

mits the entry of unoxidized exhaust gases into the cat 
alytic apparatus. The inlet 13 is provided with a con 
verging portion 13a and a diverging portion 13b. An 
air inlet 14 capped with an air ?lter 15 conducts fresh 
air from the atmosphere into the converging inlet portion 
13a. The exhaust pipe 16 from the engine manifold 
terminates in a circular ?ange 17 which is secured, as 
by Welding or bolting, to a ?ange 18 provided on the base 
of the diverging portion 13a of the inlet. A nozzle 19 is 
secured to ?ange 18 and projects within converging por 
tion 13a of the inlet. Aligned bores in the ?anges ‘17, 
18 permit the passage of exhaust gases through the pipe 
16, nozzle 19 and inlet portions 13a, 13b. The inlet 
portions 13a, 13b, nozzle 19 and air inlet 14 constitute 
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an inspirator working on the venturi principle, the fresh 
air being drawn through the inlet 14 due to the momentum 
of the exhaust gases passing through the nozzle and into 
“the shell member 2. 

The interior of shell member 2 is provided with guide 
ways de?ned by channel shaped members 20 and angle 
vmembers 21 as shown in Fig. 2. The base of each chan 
~nel member is secured, as by welding to the internal sur 
face of shell member 2, parallel to the axis thereof. In 
the disclosed embodiment of the invention two channel 
members are mounted within the shell 2 in opposed rela 
tionship. The angle members 21 are secured as by weld 
ing to the internal surface of the shell member spaced 
from, but parallel to, the channel members. The guide 
ways are thus de?ned by the sides 20a of the channel 
members and the sides 21a of the angle members. As is 
apparent from Fig. 2 the disclosed embodiment of the 
invention is provided with four guideways which are de 
?ned by two channel members 20 and four angle mem 
bers 21. ' 

As also shown in Fig. 2, the guideways are arranged 
in opposed sets with each set receiving the longitudinal 
edges of a foraminous tray 22. The edges of the trays 
are received in the guideways in a slidable relationship 
which is su?iciently tight to restrain the trays from rat 
tling. The longitudinal edges of the trays do not contact 
the internal wall of the shell 2, as shown in Fig. 2, but 
are retained solely by the guideways. As best seen in 
Fig. 1 the trays extend longitudinally within housing 1 
for a distance substantially equal to but less than the 
length of the housing. The trays are preferably formed 
of relatively thin stainless steel or other high tempera 
ture alloy and are perforated over their entire areas with 
small diameter holes (of which only a few are shown in 
Fig. 3 in the interest of clarity). stiffening ribs 24 are 
'pressed into the trays in order to enhance the rigidity of 
'these members. These ribs, as shown in Fig. 1, form 
protrusions on one side of the tray and channels or de 
pressions on the other side thereof._ The trays are pref 
erably mounted within shell Inember 2 with the pro 
trusions of these ribs projecting away from each other, 
or in other words, with the protrusions of the ribs pro< 
truding away from rather than into the space between the 
trays. - . ’ 

Divider plates 25 mounted within the space between the 
opposed trays 22 divide this space into a plurality of 
compartments. In the embodiment shown these plates 
are secured to the upper tray 22 shown in Fig. 1 and ex 
tend into the space between the trays but do not contact 
the lower tray of Fig. 1. As shown in Fig. 2»thes'e 
plates extend laterally Within the housing a distance less 
than the width of the housing so that the edges of the 
plates 25 do not contact the channel members 20. 
The divider plates 25 and their function are fully de 

scribed in application Serial Number 438,423, ?led by 
Eugene J. Houdry on June 22, 1954, for Catalytic Ex 
haust Puri?er. . 

End plates 3 and 3a are provided with channel mem‘ 
bers 25 secured, as by welding or bolting, to their op 
posed faces. The sides of these channel members ex 
tend within the space between the opposed trays 22 and 
abut the opposed faces of these trays. This relationship 
permits the trays to expand longitudinally within the 
housing but at the same time provides a seal between the 
lateral edges of the trays 22 and the end plates 3, 3a. 

In the operation of the device the space between the 
opposed trays 22 is substantially, but not completely, 
?lled with particles of a catalytic substance as indicated 
by reference numeral 26, Figs. 1 and 2. The exhaust 
gases from an internal combustion engine. are conducted 
from the manifold through pipe l?‘and nozzle 19 where 
they are mixed with fresh air drawn in through air inlet 
14. The mixture of fresh air and exhaust gases then 
passes. through inlet 13 into the upper’ chamber, desig 
nated by. the letterA of the apparatus and distribute. 
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themselves throughout this chamber. The gases then 
pass through the holes in foraminous trays 22, through 
the bed of catalytic particles and into the lower chamber, 
designated by the letter B, of the apparatus from whence 
they are exhausted to the atmosphere through outlet 10. 

In passing through the bed of catalyst particles the 
gases undergo an exothermic reaction in which the highly 
obnoxious and toxic carbon monoxide and hydrocarbons 
are oxidized to produce van innocuous mixture of carbon 
dioxide, water vapor and the usual inert gases contained 
in the atmosphere. Since the raw manifold exhaust gas 
is mixed with freeroxygen by the inspirator the reactions 
go to substantial completeness and the usual objectionable 
components of the exhaust gases are virtually entirely 
eliminated. ' 

It is important that the catalyst bed extend throughout 
the entire area through which the exhaust gases must 
pass. Crevices between, the borders of the catalyst bed 
and the internal wall of the shell would permit a sub 
stantial portion of the gases to escape oxidation thus im 
pairing the ef?ciency of thev device, particularly since such 
crevices would permit “channeling” of gases therethrough. 
The pressure drop across such a crevice would be rela 
tively lower than the pressure drop across the bed of 
catalyst material which would cause a correspondingly 
higher percentage .of the gases to ?ow through the crevice 
and thus escape the effect of the catalyst. As shown by 
the drawings the catalyst bed occupies the entire area 
bordered by the channel members 20, 25 and these mem 
bers are in turn secured to the shell member 2. ,Any 
channelingof the‘ gases is thus impossible and all ex 
haust gases passing through the apparatus are forced to 
?ow through the bed of catalyst particles. 7 
Any suitable oxidation catalyst, capable of operation 

at temperatures in the range of about 500° F. to 1800" F. 
may be employed. 'It is understood, of course, that the 
invention is not limited to any particular type of catalyst. 
One type of catalyst which has been found to be particu 
larly suitable, however, consists of pellets of activated 
alumina approximately 1/s'f or 1A6" in diameter, and of 
about the same length, impregnated with about 0.4% by 
weight of platinum. ; V V r V a V 

The reactions fosterediby my apparatus are, as noted 
above, exothermic'whichmeans that the gaseous mixture 
expelled from my apparatus contains considerably more 
sensible heat than the raw, unoxidized gases of the in 
ternal combustion engine exhaust. Furthermore, the 
parts of the apparatus, particularly the trays and the hous 
ing, are heatedvto extremely high temperatures as‘a re 
sult of the passage of these oxidized gases. 
Some indication of the effect of these exothermic re 

actions can be appreciated from the following consider 
I ations. With the type of catalyst described above, the 
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temperature of the catalytic bed may vary between ex 
tremes of 500? F. to 1800" F. The temperature of the 
exterior skin of the shell member 2 may vary between ex 
tremes of 250° F. to 750° F. The foraminous trays 22 
and particularly the lower tray as viewed in Fig. 1, will 
operate at a temperature which will approach the tem 
perature of the catalyst bed. As the engine speed is var 
ied the volume of exhaust gases passing through the ap— 
paratus is correspondingly varied which means that vary 
ing quantities of heat will be liberated. For example, if 
the engine speed is increased the volume of gases passing 
through the catalytic bed will be increased and the trays 
will be rapidly heated causing them to abruptly expand. 
If the engine speed is decreased, the reverse effect will 
result and the trays will contract. The temperature of 
the gases in the upper zone A of the apparatus will usu 
ally be lower than the temperature of the gases in the 
lower zone B since the sensible heat of the gases in zone 
B, as compared with zone A, has been greatly increased 
as a result of the oxidation of carbon monoxide and by 
drocarbons in the raw (unoxidized) exhaust gases. 
The foregoing discussion emphasizes the need in -cata-> 
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lytic mu?‘iers for structures capable of withstanding severe 
thermal gradients in their different components. Par- . 
ticularly, the trays must be mounted within the hous 
ing member in such manner that these trays are free to 
expand and contract independently of the housing. At 
the same time the relationship between the trays and the 
housing must be such that substantially all of the ex 
haust gases pass through the bed of catalyst particles con 
tained between the opposed trays. For reasons explained 
above, the gases must not be permitted to channel through 
crevices such as might exist between the internal surface 
‘of the housing and the borders of the catalytic bed. 
The instant invention provides a catalytic apparatus 

which is simple and economical to manufacture and which 
in addition possesses the qualities necessary to devices of 
this type. The tray members 22 of this invention, since 
they do not contact the interior surface of the housing 
are free to expand and contract as the temperature of the 
device is raised or lowered. The bed of catalyst particles 
extends over the entire area through Which the exhaust 
gases must pass and the edges of this bed are sealed by 
channels 20 and members 25 so that no unoxidized gases 
will be expelled to the atmosphere. 

While I have disclosed the preferred embodiment of the 
invention 1 contemplate the substitution of various equiva 
lent structures as being within its scope. For example, 
the guideways might be provided as a plurality of ledges 
formed integrally with the housing by merely forming in 
dentations running the entire length thereof. Alterna 
tively each guideway might be provided in the form of 
a single channel member secured to the internal surface 
of the shell 2 and receiving the edges of trays 22 be 
tween its sides. I have disclosed two foraminous trays 
mounted within the housing and one bed of catalyst par 
ticles therebctween. However, it is Within the scope of 
the invention to provide more than two trays in order to 
provide a plurality of beds of catalyst particles. 

Other modi?cations within the scope of my invention 
will be apparent to those skilled in the art to which it 
appertains. ' 

I claim: 
1. Catalytic apparatus suitable for attachment to the 

exhaust outlet of an internal combustion engine for oxi 
dizing toxic and obnoxious components of the exhaust 
gases therefrom comprising a housing, two pairs of guide 
Ways arranged opposite one another on the lateral in 
ternal walls of said housing, the guideways of each pair 
being spaced vertically from one another and each ex 
tending along substantially the entire length of said 
housing, a pair of ?at foraminous trays carried by said 
guideways, each guideway providing a narrow U-shaped 
slot to slidably receive an edge of one of said trays, said 
pair of trays extending along substantially the entire 
length of said housing and being supported in parallel 
spaced-apart relationship in said U-shaped slots, the 
space enclosed between said trays and the walls of said 
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housing providing a container for receiving a layer of 
catalyst particles, the width of each tray being slightly 
less than the lateral distance between the bases of the 
U-shaped slots provided by oppositely arranged guide 
ways supporting said tray, whereby said trays are free 
to expand and contract independently of said housing 
and said guideways in response to the high and variable 
temperature existing in the bed of catalyst particles during 
operation of said puri?er. 

2. Catalytic apparatus in accordance with claim 1 
in which said flat foraminous trays are provided with 
intersecting longitudinal and lateral stiffening ribs. 

3. Catalytic apparatus suitable for attachment to the 
exhaust outlet of an internal combustion engine for 
oxidizing toxic and obnoxious components of the exhaust 
gases therefrom comprising a housing, said housing com 
prising an elongated shell, the ends of said shell being 
closed by end plates, two pairs of guideways arranged 
opposite one another on the lateral internal walls of said 
shell, the guideways in each pair being spaced vertically 
from one another and each extending along substan 
tially the entire length of said shell, a pair of ?at for 
aminous trays carried by said guideways, each guideway 
providing a narrow U-shaped slot to slidably receive an 
edge of one of said trays, said pair of trays extending 
along substantially the entire length of said shell and be 
ing supported in parallel spaced-apart relationship in said 
U-shaped slots, U-shaped sealing members carried on and 
extending across the Width of the internal face of each 
end plate, the legs of said U-shaped sealing members 
extending horizontally between and in snug face-to-face 
sliding relationship with the end portions of said spaced 
apart ?at forarninous trays, the space enclosed between 
said trays, the lateral walls of said shell, and said U-shaped 
sealing members providing a container for receiving a 
layer of catalyst particles, the width of each tray being 
slightly less than the lateral distance between the bases 
of the U~shaped slots provided by oppositely arranged 
guideways supporting said tray, whereby said trays are 
free to expand and contract independently of said shell, 
said guideways, and said sealing members in response to 
the high and variable temperatures existing in the bed of 
catalyst particles during operation of said puri?er. 

4. Catalytic apparatus in accordance with claim 3 in 
which said ?at foraminous trays are provided with in 
tersecting longitudinal and lateral stiffening ribs. 
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