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The exhaust system noise reduction problem has been typically
addressed using baffle systems, or other types of baffling such as
glass packs, with exhaust systems to reduce the exhaust noise
volume.

All of these systems, those for emission control and for noise
control, have their drawbacks however. The addition of water
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. The standard, or conventional nufflers on the comrercial market al so have
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t he stemethAbd Fhat would both reduce pollution emissions and muffle

exhaust noise without requiring complex equipment. Additionally,
a need existed for an emissions reduction system and method using
economical, natural materials that do not in themselves pollute the
environment. A further need existed for an emissions reduction
system and method that would function within very broad parameters,
both in a hot running state or a cold startup state. Yet another
need existed for an emissions reduction system and method capable
of meeting the increased Tier II emissions guidelines.
Additionally, a need existed for an emissions reduction system and



. ~ 3 MAY 2003 providing a conpacted | ava bed conprised of |ava material,
packing the lava'material in the conpacted |ava bed to a design derisi M4Y 2003
havi ng pre-sel ected particle size, pre-selected weight and presel ected
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30. emissions reducing means for releasing emissions~reduced gas. The
emissions reducing means comprises; a torturous fluid channel, lava
material displaced within the torturous f£luid channel wherein the
lava material is located within a set of self contained containers
within the emissions reducing means.

In accordance with another embodiment of the present
invention, a method of reducing emissions in gases is disclosed.
The method of reducing emissions in gases comprising the steps of;
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.Referring to Fig. 2 perspective and cut-away draw ngs of an exenplary

conpaction cell as utilized in Fig. 1 is shown. It wll be understood that

each of the conpaction cells 24 a, b, ¢ are identical and the foll oWwjMAY 2003

'description of conpaction cell 24 may be applied to all conpaction cells 24
b, c. In_a preferred enbodi nent, a conpaction cell 24 is a rounded
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Referring to Fig. 3, a sinplified functional diagram and perspective of a
second enbodi nent of the present inventi on hereinafter the system10 , is
shown. The system 10 prBRFaDESCREFHONS QF - THE, QRMWING asing 20, a gas i nl et
end 22 , a gasgoutl ds ensindl ifiaadeddit@ensdgiagirhfNaneldeFsgdctivdlporC. As
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utilized isacbhd- ex@oécﬁnﬁ;‘ﬂ@“@f tie rlel:.eﬁ)@ upderstpod that each of the

conmpaction ce 4 a, .b, 2003 are_identical .and t

follow n dest? % 5d of € a%%t‘?egﬁp%fvezlf‘ macuBe ar}’pldra 19 ﬁ

conpact i DrFeCBRFE %ﬁ@%flarﬁ cempaqF%sine%%r%nayneﬁﬁoEHanﬁ a conpaction cell
24 is a roundéd. de\isce,pdyspechive drakéngss the tlhwrashaipe;ialfl comtaineea

di nensi aithi@f the NOGKRELAWAKee1 1HPWRKEGH, id GURded; g5 used herein, may
conprise though not be limted to, cylindrical shapes, elllptlcal shapes,
etc., with the only limtation being that the conpaction cell 24 should
substantially conformto the shape of the outer casing 20 wherein the outer
casing 20 can have other than a cylindrical shape. Each conpaction cell 24
has a gas inlet retention screen 36 , a gas inlet side blank 32 , a gas
outlet retention screen 38 , a gas oufl et side blank 34 , |ava material 50,
and lava material retention screen elenents 40 coupled together to forma
conpaction cell 24 . The lava material retention screen elenents 40 are
preferably nmade up of fibers coupled together to forma nmesh screen having
spaci ng such that the lava naterial 50 is retained within the conpaction
cell 24 . Additionally, as is depicted in Figs 4a and 4c, each side of the
conpaction cell 24 preferably has the surface area of its inlet and outl et
sides substantially equally split between the gas inlet retention screen 36
and the gas inlet side blank 32 on the inlet side, and substantially
equally split between the gas outlet retentlon screen 38 , and the gas
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1 3 MAY 20D3 Lava Material Selection and Packi ng The present invention uses
a lava material having specific physical and chem cal properties. A
preferred | ocation of |ava material having the desired physical and? 7 MAY 2003
* chem cal properties is Flagstaff C nder Sales, Flagstaff Arizona. O her
sources of suitable |ava material possessing the physical and chem cal
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be understood that each of the compaction cells 24 a, b, ¢ are
identical and the following description of compaction cell 24 may
be applied to all compaction cells 24 a , b, c.
In a preferred embodiment, a compaction cell 24 is a rounded
device, bearing a likeness to the shape, if not the dimensions, of
a hockey puck. However, rounded, as used herein, may comprise
though not be limited to, cylindrical shapes, elliptical shapes,
ete., with the only limitation being that the compaction cell 24
should substantially conform to the shape of the outer casing 20
wherein the outer casing 20 can have other than a cylindrical
shape. Each compaction cell 24 has a gas inlet retention screen
36, a gas inlet side blank 32, a gas outlet retention screen 38, a
gas outlet side blank 34, lava material 50, and lava material
retention screen elements 40 coupled together to form a compaction
cell 24, The lava material retention screen elements 40 are
preferably made up of fibers coupled together to form a mesh screen
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through the gas inlet 22 , flows through the three compaction cells

24 a, b, ¢ and flows out of the gas outlet end 30 .

Referring to Fig. 4 perspective and cut-away drawings of an
exemplary compaction cell as utilized in Fig. 3 is shown. It will
be understood that each of the compaction cells 24 a, b, c¢
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is packed into each of the compaction cells 24 a, b, c.

Referring back to Fig. 3, and thereon referring to torturous
flow path indicator 100 , it can be seen that the emissions
containing gas is forced to follow a torturous flow path from the
gas inlet end 22 , through each of the compaction cells 24 a, b,
c, and then out the gas outlet end 30 . The torturous flow path is
caused by the center axially displaced alignment between: the gas
inlet end 22 ; through each of the compaction cells 24 a, b, ¢, s

gas 1inlet retention screen 36 , through the lava material 5@,
through the gas outlet retention screen 38 ; and then out the gas
outlet end 30 . The torturous flow path insures that turbulent

flow of the emissions containing gas occurs thereby resulting in
the most surface contact between the emissions containing gas and
the lava material 50.
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obtained from. a lava material source the followxng method 1s
followed:

1. Bulk material is selected from a lava material, or other
suitable source, possessing substantially the chemical and physical
properties of lava material from Flagstaff Cinder Sales. Typical
lava material from the Flagstaff Cinder Sales has a chemical makeup
substantially comprising at least the following
Metal elements.

Table 1. Lava Material Metal Elements

METAL % BY WEIGHT METAL % BY WEIGHT
ALUMINUM 1.7 SODIUM 0.3
BARIUM <0.00010 STRONTIUM <0.00050
BORON <0.00047 TITANIUM 0.1
CALCIUM 1.4 VANADIUM <0.00062
CHROMIUM <0.00010 ZINC <0.00031
COBALT <0.00011 ANTIMONY <0.00002
COPPER <0.00010 ARSENIC <0.00002
IRON 1.2 CADMIUM <0.00002
MAGNESIUM l.6 LEAD <0.00001
MANGANESE <0.00030 MOLYBDENUM <0.00001
NICKEL <0.00010 SELENIUM <0.00005
POTASSIUM <0.0014 SILVER <0.00005




22223333- 3. 3\ 3] 33344US44ysnhb\ Wz U] ca] calU] cal] cal] ca] cal] caU] caU] caU] cal] c
a] cal] ca] cal]ca] cal] cal] cal cal] cal] cal cal] cal] cal] cal] cal] cal caUl eq\]wazﬂlﬂ
4445555556 R525{ 5556666d7e7UBVB&9I" 9| 9} 9% &,

* $<%<<~yt 0oj e [ Va] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
@e £5 AGAI AU AR eChaiirlAY t 0 endaitalhibableed aa) @a]seaé&ﬂalcp aroakeall] ca] call
ca] ca] ca] cal] ca] caU] cal] cal] cal] cal] ca] cal] ca] caU ]biaaU] ca] ca] ca] caAAOBBBB
B) COC_CReXTBREE HiEFnP S ~ ?éﬁ?%ﬁ%}%’-‘ [BH R edPc #pE8réad ca) cra ¢
ol cal cailsdl Sé‘l&ékl cakeal aald cabed) sabeadlcaksabt sadicadheal cphepigal cal cau
JJ 8K-K°KE%M@CWEHPI FRRERRQR W ith Belédd TSar l40h) Wie aldicatead ca] cal ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] cal] ca] ca]
ca] ca] caf TFHFeUFFWREY X Fay, LWEE‘ZMZZ’(‘[ OPLY [ thes>obk( vttt | 'Péﬁi%%l] caljca]c

al cal cal colealedl ealealeanksales] salasharieal saleshaaken] ool calgglea] cal cau

aaaaa ca] ca] ca]
ca] ca] caﬂ&a&@@ée&ala@@] ®alifg] 68] cadrea) palenl] cehsabsddninealzakesd) ¢a] cal ca)
ca] ca] cal] ca] cal] cal cCAVAYANANNNNAN ZadaaaaaGbNbabdbbbc} xsni d_ZU] ca]

chaJ} ca} chiera] reeat]eda) ] ﬂf&f%ﬁ?i&lcﬂ@d%?]mmﬁége?;éa]f@a]:b%q caUjcalc
aU ca]c a 0 9 9
10%4& (?li"é"g#l&% %’E‘Egro ?ﬁﬂﬁﬁwg a[“é’g 10%4& ()-!9/ G' 109%H& () -

1094& ()-! 3" 109%4H& ()-! 3" 10%—|H&() 10%&() knopgr }
-\ =g&! 0% &u(a)blel of. 108@4H )Spatdfig 10 Ee&Eening Process
109&& () - @10%4& ()-! 942" 10%H&! () - {Y | 1090 ()--!L' 10% ()- 10: 10:

10: 7le%&k — & ()-.5zzX6{Y: 1" I 109WME () -!° llO%\/IV&
()-1"110%M& : = ()-Y ~10%& ()-#}rg\=!""'&10% & () -
10M 10M 10|v:fZ‘ 8%/& - 1 ﬁ/dlowv&'()-!F%lowv&'()-

Screen Step 3/8

# 2

Screen Step 1/4

# 3

Screen Step 3/16

# 4

3. The screened bulk lava material is next sorted to select

material having a substantially porous surface. Some lava material
is possessed of a substantially smooth surface much as pea gravel
or pebbles possess. This type of lava material is unsuitable and
should be discarded. Screened bulk 1lava material having a
substantially porous appearance however is retained. The screened
porous lava material is next subjected to a void test in order to
further select suitably porous lava material. A void test, as is
well known in the art, is performed by placing a measured amount of
the material to be tested, screened porous lava material in this
case, ilnto a container. The screened porous lava material will
have a certain weight and gross volume. The container, of which

the volume is known, is then filled with water and the weight and

9
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50. The object of a substantially 1:1.2 ratio is to ensure

sufficient contact surface area between the lava material 50 and

the emissions containing gas. The lava material 50 is next packed

into an empty compaction cell 24. Lava material 50 is added to the

compaction cell until full at substantially an 85% compaction

factor. The substantially 85% compaction factor ensures that

settling of the lava material within the compaction cell 24 will

not occur, while also ensuring that excessive compaction will not

occur thus resulting in pulverizing the lava material 50. Each of

the compaction cells 24 is filled with lava material 50 processed

using the above procedure.

The purpose of +the above procedure is to ensure both

sufficient contact surface area between the lava material 50 and

the emissions containing gas, while also ensuring that the voids in

the compaction cells 24 are of an adegquate size to not excessively

restrict the flow of the emissions containing gas and cause

excessive back pressure thereto. The present invention is designed

to maintain the back pressure below approximately one to two pounds

per square inch for the systems 10 and 10 .

The actual back pressure of the system 10 and 10 may be

tailored for specific applications by varying the above procedure

using engineering methods well known to those in the art. For

example, as just stated, internal combustion engines are designed

to operate with maximum back pressures of substantially 1 PSI at

1000 RPM, and 2 PSI at 2000 RPM. However, different engines such

10
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pressure specifications which a person well skilled in the art will
be able to modify the present invention to satisfy.

Additionally, the abkove embodiments represent only two
embodiments of the present invention. As is well know to those in
the art, a wide range of compaction cell shapes, sizes and numbers
thereof may achieve the method of the emissions reduction system of
the present invention. As previously discussed, an important
feature of the method is the correct selection and processing of
the lava material 50 of the present invention. Using the
previocusly defined lava material 50 selection method and packing
the lava material 50 into appropriate canisters to the appropriate
compaction factor, and with a correct emissions containing gas flow
will result in the achievement of the present invention.
Therefore, although the invention has been particularly shown and
described with reference to a preferred and second embodiment
thereof, it will be understood by those skilled in the art that
changes in form and detail may be made therein without departing
from the spirit and scope of the invention.
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What is Claimed is:
1, An emisgions reduction system comprising, in combination:
inlet means for receiving emissions-containing gas;
emisgions reducing means coupled at a first end thereof to
said inlet means for reducing emissions contained in said
emisaions-containing gas;
sald emigsione reducing means comprising:
a fluid channel;
a set of self contalned contalners spaced apart from
osne another and located within said f£luid channel;
each of gaid self contained containers having an
inlet side partially obstructed to the flow of said emisgsions-
containing gas and an cutlet side partially obstructed to the flow
of said emigsions-containing gas so as to force said emissions-
containing gas to follow a torturcus flow path when flowing from
said inlet side to said cutlet side;
lava material displaced within said set of sgelf
contained containers;
wherain said lava material comprises lava
material having the following physical and chemical properties

e e e — e e
METAL % BY WEIGHT METAL % BY WEIGHT
ALUMINUM 1.7 SODIUM Q.3
BARIUM «0.00010 STRONTIUM «0.0Q00580
BORON <Q.00047 TITANIUM 0.1
CALCIUM 1.4 VANADIUM <0.00GC82
CHROMIUM <0.0001L0 ZINC <0.00031
COBALT <0.00011 ANTIMONY <0.00002
COPPER <0.,00010 ARSENIC <0.00002
IRON 1.2 CADMIUM <0.00Q002
MAGNESIUM 1.6 LEAD <0.00001
MANGANESE <0.00030 MOLYZEDNUM <0 .00001
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