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ABSTRACT OF THE DISCLOSURE 
Muffler for an internal combustion engine which is 

adapted for removing particulate lead matter from the 
exhaust gases of the engine to prevent discharge of the 
noxious matter into the surrounding atmosphere. Basical 
ly, the muffler comprises a canister of the usual type em 
ployed with internal combustion engines, which has an 
inlet port for receiving exhaust gases from the engine and 
an outlet port for discharging the exhaust gases to the at 
mosphere. An upwardly sloping bottom wall of the canister 
defines a sump portion adapted to contain a flux composi 
tion which is liquid at the usual temperature range of the 
exhaust gas stream in the canister. A weir member and 
one or more baffle members define compartments within 
the canister. 
Flow of the exhaust gas stream through the canister 

provides a driving force which continuously splashes the 
liquid flux against the baffle member surfaces and com 
partment walls, thereby coating these surfaces with a flux 
film media which entraps the lead particulate matter in 
the gases. A slotted edge on the weir member meters flow 
of the gas-liquid body into adjacent compartments of the 
canister. Openings in each baffle member, which are posi 
tioned in staggered relation to each other, provide a 
tortuous flow path for the exhaust gases. Smaller openings 
in the baffle members, together with an upwardly slop 
ing bottom wall on the canister permit continuous flow 
back of the liquid flux toward the forward portion of the 
canister. Additional features of the muffler include (1) 
a gas flow port in the weir member, which is opened 
or closed by pressure of the exhaust gases, to provide 
for gas flow through the canister in the event of solidifica 
tion of the flux composition; and (2) filling the rearmost 
chamber of the canister with a porous material capable 
of trapping and separating the liquid flux from the ex 
haust gases. 

BACKGROUND OF THE INVENTION 
The invention relates to a muffler for an internal com 

bustion engine. More specifically, the invention concerns 
a muffler adapted to remove particulate lead from the en 
gine exhaust gases, but which also performs the usual 
function of a muffler as a sound damping device. 

Gasolines employed as fuels for the internal combus 
tion engines of automobiles, buses, trucks, and the like, 
usually contain an additive material which improves the 
octane rating and gives an anti-knock characteristic to 
the fuel. The conventional anti-knock additives usually 
employed in automotive gasolines are tetraalkyl lead com 
pounds, such as tetraethyl lead, tetramethyl lead and 
mixtures thereof. To prevent lead deposits in the combus 
tion chamber of the engine, however, the leaded fuels 
usually also contain a Scavenger compound such as a mix 
ture of ethylene dichloride-ethylene dibromide. During 
combustion the scavenger compounds remove the lead 
components in the form of particulate lead compounds 
which are carried out of the engine with the exhaust gases. 
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Since the conventional automotive mufflers have no means 
of removing the particulate lead matter, a substantial 
quantity of this undesirable material is discharged into the 
atmosphere each day, where it adds to the general air pol 
lution problem and, because of its known toxicity, repre 
Sents a recognizable health hazard. 

OBJECTS OF THE INVENTION 

A broad object of the invention is to provide a muffler 
Suitable for performing the usual function of damping en 
gine noise, as well as being adapted to remove particulate 
lead matter from the exhaust gases. 
A more specific object is a muffler containing a flux 

composition which is a liquid at the temperature of exhaust 
gases flowing through the muffler, whereby coaction of the 
exhaust gases with the liquid flux continuously wets inner 
compartment wall and baffle surfaces of the muffler to 
provide a media for entrapping particulate lead matter 
in the exhaust gases. 

SUMMARY OF THE INVENTION 

Broadly stated, the invention provides a muffler for an 
internal combustion engine, the muffler being adapted to 
remove lead particulate matter from the exhaust gases of 
the engine. Basically, the muffler comprises a canister hav 
ing roll members defining an enclosed vessel with an inlet 
port for directing an exhaust gas stream into the canister 
and an outlet port for discharging the exhaust gas stream. 
The bottom wall of the canister is sloped to provide a 
Sump portion adapted to contain a flux composition which 
is liquid at the usual temperature range of the exhaust 
gas Stream. 
A Weir means positioned in the canister at a point 

downstream from the inlet port is adapted to deflect the 
exhaust gas stream against the liquid flux contained in 
the Sump portion. The weir means additionally includes 
a means for regulating displacement of the liquid com 
position by the exhaust gases from the sump portion. 
The canister also includes a baffle means positioned within 
the canister at a point downstream from the weir means, 
the baffle means being adapted to permit passage of the 
exhaust gas stream therethrough, the deflection of the 
gas Stream by the baffle creating a tortuous path for the 
gas through the baffle. A substantial amount of the liquid 
flux displaced from the sump portion by the exhaust gas 
Stream is continuously directed onto the surface of the 
baffle and the walls of the canister. Coating of the baffle 
and Wall Surfaces with the liquid flux provides a film 
media which entraps lead particulate matter in the gas 
Stream. 

Flux compositions contemplated as suitable lead-trap 
ping media in the muffler of this invention are preferably 
various inorganic acids, bases and salts which (1) exist 
as, or are capable of, forming liquid compositions at the 
usual temperature range of exhaust gases flowing through 
a muffler, and (2) which will remain stable under such 
temperature conditions. The usual temperature range of 
exhaust gases in a conventional automobile engine muffler 
are from about 500 F. to 1500 F., depending on how 
close the muffler is located to the exhaust manifold. As 
regards Stability, the flux compositions should be those 
materials which are not subject to irreversible change 
with the emission of objectionable vapors. For example, 
O-phosphoric acid, which is one of the flux compositions 
useful in the practice of this invention, can convert to 
poly- or pyrophosphoric acid when heated sufficiently to 
eliminate water in the compound, but will readily revert 
back to the ortho form when cooled in a humid environ 
ment. As a further illustration, carbonates may derive 
from hydroxides at the lower operating temperatures in 
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a muffler, but the carbonates will form oxides at higher 
temperatures. 

Certain metallurgical fluxes, known commercially as 
Holden Osquench fluxes, which comprise primarily vari 
ous mixtures of sodium hydroxide and potassium hydrox 
ide, are particularly preferred in the practice of this 
invention. These flux compositions are solid materials 
at room temperature, but readily form liquid composi 
tions on contact with the high temperature exhaust gases 
in the muffler. Other alkali metal compositions contem 
plated as suitable fluxes in this invenion include various 
alkali metal salts, such as Sodium acetate, potassium ace 
tate, and mixtures thereof. With regard to acid composi 
tions, commercially available aqueous solutions of ortho 
phosphoric acid have been successfully employed as flux 
compositions in the muffler of this invention. Other oxy 
gen acids of phosphorous and acid salts thereof, which 
are proposed as suitable flux compositions, include hypo 
phosphoric acids, pyrophosphoric acid, sodium dihydro 
gen phosphate, disodium hydrogen phosphate, trisodium 
phosphate and the like. 

Materials used to fabricate the canister and the con 
figuration of the device itself are not considered critical. 
Metals having high corrosion resistance are preferred for 
obvious reasons. Suitable materials include certain clad 
ded metals such as iron-stainless steel, iron-aluminum, 
iron-titanium, and the like. For ease of fabrication the 
preferred shape of the canister is either the usual cylin 
drical or elliptical shape of the conventional automotive 
mufflers or the substantially rectangular shape of the muf 
fler illustrated herein. Other factors which should deter 
mine the preferred shape of the canister include (1) the 
ability of the device to remove lead from exhaust gases 
and (2) the capability of the muffler to function as a sound 
damperfor engine noise. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a side elevation view, partly in section, of a 
muffler according to a preferred embodiment of the in 
vention. 

FIG. 2 is a cross-sectional view, taken along line 2-2 
of FIG. 1, which illustrates a weir member as positioned 
in the muffler. 

FIG. 3 is a cross-sectional view, taken along line 3-3 
of FIG. 1, which illustrates a baffle member, as positioned 
in the muffler. 

FIG. 4 is a cross-sectional view, taken along line 4-4 
of FIG. 1, which illustrates a second baffle member, as 
positioned in the muffler. 
The drawing illustrates only one of numerous embodi 

ments within the scope of the invention and the form 
shown is selected for convenient illustration and clear 
demonstration of the principles involved. 

OESCRIPTION OF A PREFERRED 
EMBODIMENT 

Referring to the drawing, with particular reference to 
FIG. 1, there is illustrated a muffler similar in construc 
tion to the usual type employed as a sound damper on 
an internal combustion engine. The muffler comprises 
basically a canister 10, providing a generally enclosed ves 
sel, as defined by an upstanding front wall 12 and an up 
standing rear wall 14, which are connected by a gen 
erally horizontally-disposed top wall 16, and a bottom 
wall 18, the bottom wall sloping generally upwardly from 
the front wall to the rear wall of the canister. Addition 
ally, a pair of upstanding sidewalls 19 and 20, as best 
shown in FIG. 2, join the front and rear walls 12 and 14 
with top and bottom walls 16 and 18, giving the canister 
10 a generally rectangular configuration. The front wall 
12 of canister 10 includes an inlet port 21, which is 
adapted for connection to the exhaust pipe of a conven 
tional automobile engine to receive exhaust gases from the 
engine. The exhaust gases are discharged from the canis 
ter 10 through an outlet port 22, which is located in the 
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4. 
rear wall 14 of the canister and is adapted for connection 
to the tail pipe of an automobile engine. 
As illustrated in FIG. 1, the preferred embodiment 

of the canister 10 is divided into a series of compartments. 
A first compartment 24 is defined by a weir member 26, 
which is generally vertically disposed in the canister 10 
and spaced from the front wall 12 thereof. A first baffle 
member 28, which is generally vertically disposed in the 
canister and spaced behind the weir member 26, defines 
a second compartment 30. A second generally vertically 
disposed baffle member 32, which is spaced behind the 
first baffle member 28, defines a third compartment 34. A 
fourth (or rear) compartment 36 is defined by the space 
between the baffle member 32 and the rear wall 14 of 
canister 10. 
The upwardly sloping bottom wall 18 defines generally 

a sump portion (not numbered), which is subdivided 
into the compartments 24, 30, 34 and 36. That portion 
of the sump as defined by the compartments 24, 30 and 
34 provides a container for a flux composition 38, the 
flux composition being present in the canister 10 as a 
liquid at the temperature range of the exhaust gases 
flowing through the canister. As indicated by the arrows 
in FIG. 1, the exhaust gases flowing through the canister 
act as a driving force to continuously splash the liquid 
flux against the walls of the compartments 30 and 34 
and the surfaces of baffle members 28 and 32. This splash 
ing action coats the baffle and compartment wall surfaces 
with a flux film media which entraps particulate lead 
matter in the exhaust gases. 
As best shown in FIG. 2, a plurality of generally V 

shaped slots 40, which define the bottom edge of weir 
member 26, provide means for distributing and regulating 
rearward flow of the exhaust gases and displacement of 
the liquid flux composition 38 within the canister 10. The 
exhaust gases are constrained to follow a tortuous path 
in their flow through the canister 10, as provided by the 
series of openings 42 in baffle member 28, and similar 
opening 44 in baffle member 32, the openings being 
staggered relative to each other so that the gases cannot 
flow in a straight line. By providing a tortuous path for 
the exhaust gases, the particulate lead matter in the 
gases, which tends to travel in straight lines, is induced 
to strike the compartment walls and baffle surfaces where 
it clings to the flux film coating on these surfaces. 
The sump portion provided by the sloping bottom wall 

18, in conjunction with the smaller openings 46, posi 
tioned along the bottom edge of baffle member 28, and 
the similar openings 48 in baffle member 32, permit the 
return (or forward) flow of the flux composition 38 in 
canister 10. By this means, therefore, the flux composi 
tion may be maintained at at all times at the de 
sired operating level in the canister. During flow of 
the exhaust gases through canister 10, small amounts of 
the flux composition 38 may be carried over into com 
partment 36 by the exhaust gases, and thereby be ac 
cidentally discharged from the canister through outlet 
port 22. To prevent such loss of the flux composition, the 
compartment 36 may be filled with a porous material 50, 
such as steel wool, which will trap and separate the liquid 
flux from the exhaust gases. The separator material 50 
is considered optional equipment, since it is not required 
for normal operation of the canister 10. 

In the event of solidification of the liquid flux composi 
tion 38, such as during cold weather operation, a gas 
flow port in the weir member 26 provides for uninter 
rupted flow of exhaust gases through the canister 10. The 
gas flow port is defined by an aperture 52 in weir member 
26 and a closure member 54 mounted on the rearward 
side of weir member 26 in direct alignment with aperture 
52. To provide for opening and closing of the aperature 
52, the closure member 54 is biased against weir member 
26 by a spring hinge or other suitable biasing means. 
During normal operation of the canister 10 the aperture 
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52 is closed, that is, the closure member 54 remains biased 
against weir member 26. Should the liquid flux composi 
tion 38 solidify, however, the pressure of the incoming ex 
haust gases in canister 10 soon becomes high enough in 
compartment 24 to force closure member 54 open. This 
permits the exhaust gases to flow through the weir member 
26, rather than under the weir member in the intended 
manner. As soon as the heat from the exhaust gases flow 
ing into compartment 24 is able to convert the solid flux 
composition to a liquid, usually a very short time, the can 
ister will resume its normal operation. 

The canister 10 may be filled with flux composition 38 
through a filler cap 56, which is mounted on the upper 
wall 16 to provide access to the (forward) compartment 
24. Although separate filler caps for compartments 30 
and 34 may be provided when the flux composition 38 
is a solid material as initially charged to the canister 10, 
such additional filler caps are not considered essential 
to the practice of the invention. In other words, the com 
partment 24 may be charged with a sufficient amount of 
solid flux composition to provide the desired liquid level 
in compartments 30 and 34 as the flux is liquefied by the 
exhaust gases. When it is desired to clean the canister 10 
or to replace the flux composition with a fresh solution, 
the canister may be drained through a petcock 58 
mounted on the bottom wall 18 at the forward end of 
compartment 24. 

OPERATION 

In a typical operation, the capability of the present 
muffler to remove lead particulate matter from engine 
exhaust gases was demonstrated by employing the can 
ister 10 in a series of test runs on a conventional multi 
cylinder automobile engine. The tests were run on a Ford 
V-8 engine, 289 cu. in., single exhaust. The fuel used 
was a conventional leaded gasoline of the type generally 
employed in research studies of internal combustion en 
gines (Indolene 30, Standard Oil Co.). Lead content of 
the fuel was about 3 ml. of tetraethyl lead per gallon of 
fuel, with 1/2 theory ethylene dibromide and 1 theory 
ethylene dichloride. 

In the practice of the invention three (3) test runs 
conducted. The following examples describe the test pro 
cedure followed and the results obtained from each run, 
it being understood that the examples are intended only 
to illustrate the invention and not to limit the scope to 
the procedures described herein: 

Example I 
In the first run the flux composition 38, as charged to 

the canister 10, was a solid material comprising essen 
tially a mixture of sodium hydroxide and potassium 
hydroxide (hydrate), know commercially as Holden 
Osquench 3300-10. Analysis of the flux composition by 
known procedures revealed that it contained on lead com 
ponents. 
The engine was started and allowed to run at 2000 

r.p.m. for about 30 minutes under no-load (idling) condi 
tions. During this time the exhaust gas pressure at the 
manifold was balanced against the pressure in the canister 
and the exhaust gases were allowed to flow freely through 
the canister. After the initial warm-up period the flux 
composition was added to the canister 10 and the engine 
was allowed to run for an additional 30-minute period 
to stabilize the engine operating conditions, such as the 
desired r.p.m., operating temperature and rebalance of 
the exhaust gas pressure. The engine was then run con 
tinuously for a period of about 9 hours, with exhaust 
gases flowing through the canister during the entire pe 
riod. During the run the vacuum pressure was gradually 
decreased in increments of 2 in. Hg, from idle to wide 
open throttle, while holding the engine at 2000 rp.m. At 
the end of the 9-hour period the engine was shut off and 
the canister 10 allowed to cool to room temperature. 

Five (5) samples of the flux composition were obtained 
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6 
at various places in the canister 10, ranging from the for 
Ward portion to the rear portion thereof, with each sam 
ple being analyzed for lead content. Reading from front 
to rear of the canister, the lead content of the respective 
samples was as follows (computed as percent by weight 
of Sample): Sample 1-0.003%; Sample 2-0.15%; Sam 
ple 3-0.09%; Sample 4-0.029% and Sample 5-1.5%. 

Example II 
In the second run the flux composition 38, as charged 

to the canister 10, was a solid material comprising essen 
tially a mixture of sodium hydroxide and potassium hy 
droxide, with trace amounts of potassium chloride, known 
commercially as Holden Osquench 300. 
The test procedure and engine operating conditions 

were essentially those described in Example I, with the 
engine being allowed to run continuously for a period of 
about 26 hours. After the canister 10 was allowed to cool 
to room temperature, three (3) samples of the flux com 
position were obtained at various points within the canis 
ter as follows: Sample 1 was taken from the surface of 
the flux composition in compartment 24; Sample 2 was 
taken from the center of the flux composition in compart 
ment 30; and Sample 3 was taken from the forward sur 
face of baffle member 32. Lead content analysis of each 
sample gave the following result (computer as percent by 
weight of sample): Sample 1-0.3%; Sample 2-0.01%; 
and Sample 3-0.6%. 

Example III 
For the third test run the flux composition 38, as 

charged to the canister 10, was a liquid composition com 
prising a commercially available aqueous solution of or 
thophosphoric acid. 
The procedure and engine operating conditions were 

essentially those set out in Example I, with the engine 
being run continuously for a period of about 19 hours. 
After the canister 10 was allowed to cool, three (3) sam 
ples of the flux composition were obtained at the same 
positions in the canister as the samples of Example II. 
Analysis of the respective samples for lead content gave 
the following results (computed as percent by weight of 
sample): Sample 1-0.15%; Sample 2-0.17%; and Sam 
ple 3-0.20%. 
As the data of the foregoing examples clearly indicate, 

the muffler of this invention effectively removes a sub 
stantial quantity of the lead component present in the ex 
haust gases of internal combustion engines. In additional 
experiments conducted in the practice of this invention, 
it was found that (1) the sound damping characteristics 
of the present muffler are at least equivalent to conven 
tional muffler, and (2) the back pressure of the present 
muffler is significantly less than that of the conventional 
mufflers. 
What is claimed is: 
1. Method for removing lead particulate matter from 

the exhaust gases of an internal combustion engine, which 
comprises: 

providing in the exhaust system of the engine an en 
closed canister including an inlet port, a weir means 
positioned downstream from the inlet port and hav 
ing thereon a liquid flow regulating means, at least 
one baffle means having openings therein and posi 
tioned downstream from the weir means, a sump por 
tion positioned below the weir means and containing a 
flux composition comprising an inorganic acid, base 
or salt which is a stable, liquid composition at a 
temperature of from about 500 F. to 1500 F., and 
an outlet port positioned downstream from the baffle 
means; 

directing the lead-containing exhaust gas stream through 
the inlet port into the canister; 

deflecting the gas stream against the weir means to di 
rect it downwardly against the liquid flux; 

displacing with the exhaust gas stream a substantial 
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amount of the liquid flux from the sump portion 
through the liquid flow regulating means of the weir 
means, 

continuously splashing the displaced liquid flux against 
the baffle means with the exhaust gas stream to coat 
the baffle surface with a film of the liquid flux; 

directing the exhaust gas stream through the openings 
in the baffle means, while impinging the particulate 
lead matter against the baffle surface to entrap the 
particles in the flux coating thereon; 

discharging the exhaust gas stream from the canister 
through the outlet port. 

2. The method of claim 1 in which the flux composi 
tion is an alkali metal base selected from the group con 
sisting essentially of sodium hydroxide, potassium hydrox 
ide, and mixtures of sodium hydroxide and potassium hy 
droxide. 

3. The method of claim 1 in which the flux composi 
tion is an alkali metal salt selected from the group con 
sisting essentially of sodium acetate, potassium acetate, 
and mixtures of sodium acetate and potassium acetate. 

4. The method of claim 1 in which the flux composition 
is an oxygen acid of phosphorous selected from the group 
consisting of orthophosphoric acid, hypophosphoric acid 
and pyrophosphoric acid. 

5. The method of claim 1 in which the flux composi 
tion is an oxygen acid salt of phosphorous selected from 
the group consisting of sodium dihydrogen phosphate, 
disodium hydrogen phosphate and trisodium phosphate. 

6. In the exhaust system of an internal combustion en 
gine, a muffler for removing lead particulate matter from 
the exhaust gases of the engine, which comprises: 

(I) a canister generally defining an enclosed vessel 
which has: 

(A) an inlet port for directing an exhaust gas 
stream into the canister; 

(B) an outlet port for discharging the exhaust gas 
stream from the canister; 

(C) a front wall; 
(D) a rear wall; 
(E) a top wall and side walls connecting the front 
and rear walls; 

(F) a bottom wall connecting the front and rear 
walls and sloping upwardly from the front wall 
to the rear wall to define a Sump portion in the 
canister; 

(G) the said sump portion containing a flux com 
position which is a stable, liquid composition 
at a temperature of from about 500 F. to 
1500°F.; 

(II) a weir means which: 
(A) is substantially vertically disposed within the 

canister; 
(B) is spaced from the front wall of the canister 

to define a first compartment in the Sump por 
tion; 

(C) is adapted to deflect the gas stream down 
wardly against the flux composition contained in 
the first compartment of the sump portion; 
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(D) has liquid flow regulating means thereon for 60 
regulating displacement of the flux composition 
from said first compartment; 

(E) has an aperture therein which is positioned 
above the liquid flow regulating means and a clo 

8 
sure member for the aperture which is mounted 
on the weir means in alignment with the aper 
ture, the closure member being biased against 
the weir means to permit opening of the aper 
ture in response to pressure of the exhaust gas 
stream against the closure member; 

(III) a first baffle means which: 
(A) is substantially vertically-disposed within the 

canister; 
(B) is spaced from the weir means to define a 
second compartment in the sump portion of the 
canister; 

(C) has gas-flow openings therein; 
(D) has liquid flow openings therein, said open 

ings being positioned in the baffle below the gas 
flow openings; 

(IV) a second baffle means which: 
(A) is substantially vertically-disposed within the 

canister; 
(B) is spaced from the first baffle means to de 

fine a third compartment in the sump portion of 
the canister; 

(C) is spaced from the rear wall of the canister 
to define a fourth compartment in the sump 
portion of the canister; 

(D) has gas-flow openings therein; 
(E) has liquid-flow openings therein, said open 

ings being positioned in the baffle below the gas-flow 
openings; 

(F) whereby deflection of the exhaust gas stream 
downwardly against the flux composition con 
tained in the first compartment displaces a por 
tion of the flux composition from the first com 
partment into the second and third compart 
ments, in which compartments the displaced flux 
continuously splashes against the first and sec 
ond baffle means to coat the surfaces of said baf 
fle means with a flux film which entraps lead 
particulate matter impinging on said film. 

7. The muffler of claim 6 wherein the liquid flow regu 
lating means on the weir means comprises a plurality of 
generally V-shaped slots which define the bottom edge of 
the weir means. 

8. The muffler of claim 6 wherein the fourth compart 
ment of the canister includes means for separating the liq 
uid flux composition from the exhaust gases. 

References Cited 
UNITED STATES PATENTS 

765,709 7/1904 Perkins --------------- 60-30 
1,843,999 2/1932 White ---------------- 60-30 
2,812,167 11/1957 Wroth -------------- 261-119 
3,282,047 11/1966 Wertheimer ----------- 60-30 
3,340,859 9/1967 Williamson ---------- 60-29 
3,353,336 11/1967 Caballero ------------- 60-30 

FOREIGN PATENTS 
1,289.243 2/1962 France --------------- 60-30 

DOUGLAS HART, Primary Examiner 
U.S. Cl. X.R. 

23-2.2, 284; 55-239; 261-119 


