
(12) PATENT
(19) AUSTRALIAN PATENT OFFICE

(11) Application No. AU 199648441 B2 
(10) Patent No. 706500

(54) Title
Harmful exhaust gas reduction device for an internal combustion engine or a 
boiler

(51) International Patent Classification(s)
F23C 011/00 F02M 027/06
F02M 027/04 F23K 005/08

(21) Application No: 199648441 (22) Application Date: 1996.02.29

(87) WIPONo: W096/41100

(30) Priority Data

(31) Number
7-140898
7-10804 U
7-10805 U
7-12914 U

(32) Date
1995.06.07
1995.10.12
1995.10.12
1995.12.06

(33) Country
JP
JP
JP
JP

(43) Publication Date : 1996.12.30
(43) Publication Journal Date : 1997.02.20
(44) Accepted Journal Date : 1999.06.17

(71) Applicant(s)
Hideaki Makita

(72) Inventor(s)
Hideaki Makita

(74) Agent/Attorney
SPRUSON and FERGUSON,GPO Box 3898,SYDNEY NSW 2001

(56) Related Art
US 5359979

US 4933151

JP 5-157220



OPT DATE 30/12/96 APPLN. ID 48441/96
AOJP DATE 20/02/97 PCT NUMBER PCT/JP96/00492

AU9648441

(51) ΒΙ£4^#«6

F23C 11/00, F23K 5/08, F02M 
27/04, 27/06

(ll)

Al

(43) 0

WO 96/41X00

1996Y12T119 0 (19.12.96)

(21)
(22)B^tUK0

PCT/JP96/00492 
1996^2^ 29 Β (29.02.96)

(30)
W«S¥7/10804U 1995¥l0h 120(12.10.95) JP
Mffi¥7/10805U 1995^10^ 120(12.10.95) JP
^Ϊίψ7/12914υ 1995¥l2fi 6 0(06.12.95) JP
Φ®ψ7/140898 1995^6^70(07.06.95) JP

(81) fit£B
AU, CA, KR, US, BWWIKAT, BE, CH, DE, DK, ES, FR, GB, 
GR, IE, IT, LU, MC, NL, PT, SE).

(71) me A;
(72) £««·
ftffl^^(MAKITA, Hideaki)[JP/JP]
7661 Hyogo, (JP)
(74) ftSA
#S± j§D I US (FUJIKAWA, Tadashi)
7660 AW&JgUftrfrftimffiiilT 013^22^ Hyogo, (JP)

(54) Tide : HARMFUL EXHAUST GAS REDUCTION DEVICE FOR AN INTERNAL COMBUSTION ENGINE 
OR A BOILER

(54)

(57) Abstract

Fuel oil passing cylindrical bodies (7, 107, 207, 307) incorporating one or both of far infrared ceramic pieces 
(5, 105, 205, 305) and ferromagnetic plates (6, 106, 206, 306) are communicatingly connected to a fuel oil supply 
path (4) that connects a fuel tank (2) to a combustion chamber of an internal combustion engine 3A or a boiler 3B, 
whereby the combustion efficiency when fuel oil is burnt in the combustion chamber of the engine room (3.A) or the 
boiler (3B) is remarkably improved as compared with a conventional case to thereby improve the fuel efficiency and 
greatly reduce harmful substances in exhaust gas.
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SPECIFICATION

APPARATUS FOR DECREASING THE HARMFUL EXHAUST GAS
FROM AN INTERNAL COMBUSTION ENGINE OR A BOILER

• · · ·····
····• · ·• · ·
♦ · ·• · ·

····• · · ·

• ·• ···

• · • ·

TECHNICAL FIELD
The present invention relates to harmful exhaust gas 

decreasing apparatus for decreasing the harmful matter, which 
may be nitrogen oxides, carbon monoxide or hydro-carbon, in 
the exhaust gas from the internal combustion engine, which 
may be a diesel or gasoline engine, of a truck or the like, a 
generator, a marine engine, the engine of an agricultural 
machine, the internal combustion engine of a generator for a 
machine tool or the like, a small once-through boiler or 
another boiler.

BACKGROUND ART
In recent years, the regulation of exhaust gas has been 

tightened to prevent the environment from being worsened by 
the harmful matter in the exhaust gas from the internal 
combustion engines of diesel trucks etc. or boilers.
Therefore, conventionally, automobile engines were fitted 
with turbo chargers, for example. A turbo charger is driven 
by the exhaust force of an engine to force air into the 
engine so that the combustion efficiency is high. This 
improves the horsepower to save the fuel consumption, and 
decreases the harmful matter in the exhaust gas. The use of 
a turbo charger, however, was still not sufficient to 
decrease the harmful matter. It was also considered to add a 
chemical to fuel oil, and place a magnet in a fuel tank, but 
these did not meet with sufficient results.
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Summary of the Invention
It is the object of the present invention to overcome or substantially ameliorate 

the above disadvantages.

There is disclosed herein an apparatus for decreasing the harmful exhaust gas 
from an internal combustion engine or a boiler each having a combustion chamber in 
communication with a fuel oil supply path from a fuel tank, the apparatus comprising a 
fuel passage tube being interposed in said path such that fuel oil from the fuel tank 
supplied to the combustion chamber passes through the passage tube, a plurality of 
partitions placed inside the passage tube at axial predetermined intervals, said partitions 
each having a fuel oil flow-through opening formed at a suitable position to provide a 
winding passage for fuel oil inside the passage tube, and wherein said passage tube 
contains ferromagnetic plates at a middle section and far infrared radiating ceramic 
pieces at axial end sections.

Preferably, said fuel passage tube contains one or more filters.
Preferably, said ferromagnetic plates are of an aeolotropic ferrite magnet.
There is further disclosed herein an apparatus for decreasing the harmful 

exhaust gas from an internal combustion engine or a boiler each having a combustion 
chamber in communication with a fuel oil supply path from a fuel tank, the apparatus 
comprising a fuel passage tube being interposed in said path such that the fuel oil from 
the fuel tank supplied to the combustion chamber passes through the passage tube, a 
plurality of partitions placed inside the passage tube at axial predetermined intervals, 
said partitions each having a fuel oil flow-through opening formed at a suitable position 
to provide a winding passage for the fuel oil inside of the passage tube, and wherein at 
least one ferromagnetic plate is arranged on each of said partitions.

Preferably, said partition inside the passage tube are made of resin 
tetrafluoride.

There is still further disclosed herein an apparatus for decreasing the harmful 
exhaust gas from an internal combustion engine or a boiler each having a combustion 
chamber in communication with a fuel oil supply path from a fuel tank, the apparatus 
comprising a fuel passage tube being interposed in said path such that fuel oil from the 
fuel tank supplied to the combustion chamber passes through the passage tube, the 
passage tube containing ferromagnetic plates, a central fixed shaft held inside the 
passage tube along the axis thereof, wherein the ferromagnetic plates are fixed on the 
fixed shaft at axial predetermined intervals and so arranged as to extend radially from 
the passage tube, and fuel oil flow-through openings are formed between the 
ferromagnetic plates and an interior wall of the passage tube so as to provide a passage 
for the fuel oil inside of the passage tube.
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Preferably, said flow-through openings are displaced angularly relative to an
adjacent opening for providing a winding passage for the ftiel pil.

Preferably, said ferromagnetic plates each have a peripheral portion spaced
from an interior wall of said tube for forming the fuel flow-through openings, and the

5 apparatus further comprises a holding plate of non-magnetic material for supporting the 
passage tube being fixed on the central shaft and having a peripheral portion of which a 
part is spaced from the interior wall of said tube for providing the flow-through passage 
of the fuel oil inside the tube and the remaining periphery section is adapted to contact 
the interior wall of the tube.

10 Preferably, said holding plate is made of resin tetrafluoride.
Preferably, said fixed shaft is a long bolt, and said ferromagnetic plates are

fixed on the bolt by nuts compressing said ferromagnetic plate at both front and rear 
sides by means of interposed packings.

There is still further disclosed herein an apparatus for decreasing the harmful
15 exhaust gas from an internal combustion engine or a boiler each having a combustion 

chamber in communication with a fuel oil supply path from a fuel tank, the apparatus 
comprising a fuel passage tube interposed in said path such that fuel oil from the fuel 
tank supplied to the combustion chamber passes through the passage tube, the passage 
tube containing far infrared radiating ceramic pieces substantially in the entire internal

20 area of the tube, wherein the ceramic pieces are packed in a plurality of mesh bags. 
Preferably, said ceramic pieces are spherical in shape.
The ceramics radiate far infrared rays, which subject the oil to resonant action. 

The magnetism of the plates substantially fractionizes the oil. As a result of either or 
both, the fuel oil molecules are substantially activated. This can, as compared with the

25 prior art, substantially improve the combustion efficiency of the fuel oil burned in the 
engine room or boiler. It is consequently possible to save the fuel consumption and 
greatly decrease the harmful matter in the exhaust gas.

Brief Description of the Drawings
Preferred forms of the present invention will now be described by way of 

example only, with reference to the accompanying drawings, wherein:
Fig. 1 is a longitudinal cross section of a harmful exhaust gas decreasing 

apparatus according to the first embodiment of the present invention.
Fig. 2 is a cross section along line A-A of Fig. 1.

[N:\LIBLL]02244:PVH
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same .

Fig. 3 is
Fig. 4 is
Fig. 5 is

Fig. 6 is

••to··· • a

exhaust gas decreasing apparatus according to the second 
embodiment of the invention.

Fig. 7 is a cross section along line A - A of Fig. 6. '
Fig. 8 is a cross section along line B - B of Fig. 6.
Fig. 9 is an exploded perspective view of main part of

same .
Fig. 10 is a perspective view of a harmful exhaust gas 

decreasing apparatus, showing the third embodiment of the 
invention .

Fig. 11 is a longitudinal cross section of the harmful 
exhaust gas decreasing apparatus.

• · « ·• · ·• · ·• · ·• · ·
········

Fig. 12 is a cross section along line X - X of Fig . 11 .
Fig. 13 is a cross section along line Y - Y of Fig. 11 .
Fig. 14 is a cross section along line Z - Z of Fig . 11 .
Fig . 15 is a cross section of a harmful exhaust gas····• · ·• · to• ·····• · ·• ♦ ···• · ·• toto• to·• ·

decreasing apparatus according to the fourth embodiment of 
the invention.

Fig. 16 is an enlarged view of far infrared ceramic 
pieces loaded into the tubular case of the above apparatus.

Fig. 17 is an enlarged and detailed view of part of the 
apparatus shown in Fig. 15.

Fig. 18 is a perspective view showing a half of a mesh 
bag and the ceramic pieces with which to fill it.

Fig. 19 is a cross section showing a slight modification 
of the fourth embodiment.

Fig. 20 is a graph showing results of a measuring test
for the far infrared (radiation) emissivity of far infrared
ceramic pieces. The abscissas represent the wave length, and
the ordinates represent the emissivity.

Fig. 21 is a side view showing harmful exhaust gas
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decreasing apparatuses according to the invention as mounted 
on a diesel truck.

Fig. 22 is a side view showing a harmful exhaust gas 
decreasing apparatus according to the invention as mounted on 
a boiler.

• ft··
♦ft···

•ft··
• ft

• ••ft

··«·• ft
ft··· ft ft ftft ft ftft ft

BEST MODES EMBODYING THE INVENTION
Fig. 21 shows an example to which the present invention 

is applied. In this example, harmful exhaust gas decreasing 
apparatuses 1, 100, 200 or 300 according to the invention are 
connected in series with fuel oil supply path or line 4, 
which interconnects the fuel tank 2 and engine room 3A of a 
diesel truck. In Fig. 22, a harmful exhaust gas decreasing 
apparatus 1, 100, 200 or 300 according to the invention is 
connected with a fuel oil supply path 4 between a fuel tank 2 
and a boiler 3B. Further shown in Fig. 22 are a steam or 
vapor outlet 11, an exhaust gas outlet 12 and a water supply 
pipe 13.

Figs. 1-5 show the first embodiment of harmful exhaust 
gas decreasing apparatus 1 according to the invention. As 
shown in Fig. 1, the apparatus 1 according to this embodiment 
includes a fuel passage tube 7, which contains or holds far 
infrared ceramic pieces 5 and ferromagnetic plates 6.

The fuel passage tube 7 may be made of a stainless steel 
sheet or plate, which is highly resistant to impact or shock 
and corrosion. As a specific example, the tube 7 has a total 
length L of 628 mm and an outer diameter R of 101 mm. The 
tube 7 has an end plate 7a, which has a supply port 8a formed 
through it and connected with a fuel oil supply pipe 4. The 
other end plate 7b has a discharge port 8b formed through it 
and connected with another fuel oil supply pipe 4 . The tube 
7 has partitions 9 placed in it at specified axial intervals . 
Each partition 9 has a fuel oil flow opening or space 10
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formed by cutting alternately top and bottom portions of the 
partitions (Figs. 2, 4 and 5) . This forms a fuel passage 8 
winding through the tube 7. Consequently widened is the 
range or area of contact between the light oil (fuel oil) 
passing through the passage 8 and the far infrared ceramic 
pieces 5 and ferromagnetic plates 6. As a result, the light 
oil molecules are activated securely. The partitions 9 are 
made of polytetrafluoroethylene (trade mark "Teflon") , which 
has high heat resistance, high chemical resistance, a low 
friction factor or coefficient, and low stickiness or 
tackiness. Therefore, the partitions 9 can maintain the 
winding passage 8 for a long time, and enable the light oil 
to flow smoothly.

········
····• ··• · ·• · ·• · ·

• · · ·• · · ·

• ·
• · • ·

• ·• ·• · ··

Both end portions 7A and 7C of the tube 7 are filled 
with the far infrared ceramic pieces 5. The middle portion 
7B of the tube 7 holds the ferromagnetic plates 6 placed in 
it at the specified intervals. Light oil flows through the 
supply port 8a into the tube 7, and contacts with the far 
infrared ceramic pieces 5 in the end portion 7A, so that it 
is subjected to resonant action by the far infrared rays 
radiated from the ceramics 5. Then, the oil is fractionized 
by the magnetism of the ferromagnetic plates 6 in. the middle 
portion 7B. Further, the oil contacts with the far infrared 
ceramic pieces 5 in the other end portion 7C, where it is 
subjected to resonant action again. It is therefore possible 
to promote or expedite the activation of light oil molecules.

The far infrared ceramic pieces 5 radiate far infrared 
rays at normal temperature, which have a wave length of 2 - 
20 micrometers (microns) and a spectral emissivity of 0.95. 
The ceramic pieces 5 may be spherical as illustrated or 
polygonal, or may take other forms. The pieces 5 contact 
mutually at points, among which the fuel passage 8 extends.
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easily filled into and taken out of the tube 7.

As shown in Figs. 1 and 5, each partition 9 is 
interposed between filters 15 placed over its both sides.
The filters 15 are made of stainless steel wire netting, and 
remove impurities such as dust and dirt in the light oil to 
further improve the combustion efficiency. The number of 
filters 15 may vary as occasion demands.

···· • · · ·
·· ··• ··

····• ···

····• · ·• · ·• ·····• · ·• · ·• *• · ·

As shown in Figs. 1, 3 and 5, the ferromagnetic plates 6 
are generally circular, and have a diameter nearly equal to 
the inner diameter of the tube 7. Top and bottom portions of 
the plates 6 are cut away not to prevent light oil from 
flowing. As a specific example, the plates 6 have a diameter 
r of 95 mm, a vertical width h of 71 mm between the cut ends, 
and a thickness t of 5 mm. The plates 6 are made of 
ferromagnetic material, which should preferably be wet (type) 
aeolotropic or anisotropic ferrite magnets. Material No. 
SSR-420 (Sumitomo Tokushu Kinzoku) as a wet aeolotropic 
ferrite magnet has a residual magnetic flux density of 4.2 
Br, a coercive force of 2.95 He and a maximum energy product 
of 4.2 BH (Max) . The strong magnetism of this material can 
securely activate light oil molecules.

With reference to Figs. 1 and 5, positioning rings 16 
are fitted on the inner peripheral surface of the tube 7, and 
fix the far infrared ceramic pieces 5, ferromagnetic plates 
6, partitions 9 and filters 15 in position within the tube 7.

The light oil supplied from a fuel tank 2 to the 
combustion chamber of an engine room 3A or a boiler 3B passes 
through the tube 7, where it contacts with the far infrared 
ceramic pieces 5. The pieces 5 radiate far infrared rays, 
which subject it to resonant action. In addition, the 
magnetism of the ferromagnetic plates 6 fractionizes the oil.
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As a result, the fuel oil molecules are activated. This can, 
as compared with the prior art, remarkably improve the 
combustion efficiency of the light oil burned i® the engine 
room 3A. It is consequently possible to save the fuel 
consumption and greatly decrease the harmful matter in the 
exhaust gas.

The following exemplify the decrease of harmful exhaust 
gas effected by this first embodiment.
1. Internal Combustion Engine Details

Engine Maker: Isuzu Nainen Kikan
(first year registration: December, 1984)

Total Vehicle Weight: 19,835 kg
(horse power: 275 ps) 
(displacement: 12,011 cc)

Vehicle Type: Tank Truck or Lorry 
2. Exhaust Gas Density or Concentration Inspection Agency or 
Institute

...j” Juridical Foundation Nippon Nainen Kikan Kenkyusho• · ·
·.·..· Tsukuba, Ibaraki Prefecture

(an inspection agency authorized by the Ministry of
Transport)

• ·• ·• ·
3. Inspection Results

»· · • ·• · Inspection Item National
Limit
Value

Value from Inspection
on Applicants
Apparatus

Rate of
Decrease

Carbon Monoxide
(CO)

980 ppm 307 ppm 6 9 %

Hydro-carbon
(HC)

670 ppm 150 ppm 78 %

Nitrogen Oxides
(NOx)

520 ppm 502 ppm 3 %
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As apparent from the above inspection results, the 
present invention made it possible to decrease the harmful 
exhaust gas. *

In the above embodiment, two harmful exhaust gas 
decreasing apparatuses 1 are interconnected in series. 
Otherwise, one or three or more apparatuses 1 may be used 
according to the need. This also applies to the following 
embodiments .

Figs. 6 - 9 show the second embodiment of the present 
invention. As shown in Fig. 6, a harmful exhaust gas 
decreasing apparatus 100 according to this embodiment 
includes a fuel passage tube 107, which holds ferromagnetic 
plates 106 in it.

• ··• · «• · ·

ft···• · ·* · ·

The fuel passage tube.107 may be made of a stainless 
steel or plate or sheet, which is highly resistant to impact 
or shock and corrosion. As a specific example, the tube 107 
has a total length of 628 mm and an outer diameter of 101 mm. 
The tube 107 has an end plate 107a, which has a supply port 
8a formed through it and connected with a fuel oil supply 
pipe 4. The other end plate 107b has a discharge port 8b 
formed through it and connected with another fuel oil supply 
pipe 4 . The tube 107 has partitions 109 of resin
tetrafluoride placed in it at specified axial intervals.
Each partition 109 has a fuel oil flow opening 110 formed by 
cutting alternately top and bottom portions of the
partitions. This forms a fuel passage 108 winding through 
the tube 107. Consequently widened is the range of contact 
between the light oil (fuel oil) passing through the passage 
108 and the ferromagnetic plates 106. As a result, the light 
oil molecules are activated securely. The partitions 109 are 
made of resin tetrafluoride, for example
polytetrafluoroethylene (trade mark "Teflon"), which has high
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heat resistance, high chemical resistance, a low friction 
factor or coefficient, and low stickiness or tackiness. 
Therefore, the partitions 109 can maintain the^ winding 
passage 108 for a long time, and enable the light oil to flow 
smoothly.

The ferromagnetic plates 106 are placed on the 
respective partitions 109, which are placed at the specified 
intervals in the tube 107. Light oil flows through the 
supply port 8a into the tube 107, and contacts with the many 
ferromagnetic plates 106 while flowing through the tube 107. 
The contact fractionizes the molecules constituting the light 
oil, so that the molecule activation can be promoted or 
expedited.

······ ··

The ferromagnetic plates 106 are generally circular, and 
have a diameter nearly equal to the inner diameter of the 
tube 107. Top and bottom portions of the plates 106 are cut 
away not to prevent light oil from flowing. As a specific 
example, the plates 106 have a diameter of 95 mm, a vertical 
width of 71 mm between the cut ends, and a thickness of 5 mm. 
The plates 106 are made of ferromagnetic material, which 
should preferably be wet (type) aeolotropic or anisotropic 
ferrite magnets. Material No. SSR-420 (Sumitomo Tokushu 
Kinzoku) as a wet aeolotropic ferrite magnet has a residual 
magnetic flux density of 4.2 Br, a coercive force of 2.95 He 
and a maximum energy product of 4.2 BH (Max). The strong 
magnetism of this material can securely activate light oil 
molecules .

With reference to Figs. 6 and 9, positioning rings 116
are fitted on the inner peripheral surface of the tube 107,
and fix the ferromagnetic plates 106 and partitions 109 in
position at the specified intervals within the tube 107. The
rings 116 take the form of split rings, which are cut away
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adjacently to the respective fuel oil flow openings 110.

The light oil supplied from a fuel tank to an engine 
room 3A passes through the fuel passage tube 107, where it 
contacts with the many ferromagnetic plates 106. As a 
result, the magnetism fractionizes the molecules constituting 
the light oil, so that the fuel oil molecules are activated. 
This can, as compared with the prior art, remarkably improve 
the combustion efficiency of the light oil burned in an 
internal combustion engine 3A or a boiler 3B. It is 
consequently possible to save the fuel consumption and 
greatly decrease the harmful matter in the exhaust gas.

The following exemplify the decrease of harmful exhaust 
gas effected by the exhaust gas decreasing apparatus 100 
according to this second embodiment.

• · · «
·· ♦·

Test 1
1

····
····

····• · ·• · ·• ··· ··• · ·• · ·• ·• · · • · · 2

Automobile Details 
Automobile Type: Nissan Diesel
Total Vehicle Weight: 19,870 kg

(horse power: 330 ps) 
(displacement: 11,670 cc)

Total Distance of Test Traveling: 582,905 km
Exhaust Gas Density Inspection Agency 
Juridical Foundation Nippon Jidosha Kenkyusho 
Tsukuba, Ibaraki Prefecture
(an inspection agency authorized by the Ministry of 
Transport)
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3. Inspection Results

Inspection Item National
Limit
Value

Value from Inspection
on Applicants
Apparatus

Rate of
Decrease

Carbon Monoxide
(CO)

980 ppm 176.5 ppm 82 %

Hydro-carbon
(HC)

670 ppm 144.8 ppm 78 %

Nitrogen Oxides
(NOx)

520 ppm 449.2 ppm 14 %

• · ·· ····

····
► · ·► · ·

As apparent from the inspection results of above Test 1, 
the present' invention made it possible to decrease the 
harmful exhaust gas.

Test 2
1. Automobile Details

Automobile Type: Mitsubishi Jidosha
(first year registration: 12/1984)

Total Vehicle Weight: 20,000 kg
(horse power: 320 ps) 
(displacement: 16,031 cc)

Total Distance of Test Traveling: 573,711 km
2. Exhaust Gas Density Inspection Agency

Juridical Foundation Nippon Jidosha Kenkyusho 
Tsukuba, Ibaraki Prefecture
(an inspection agency authorized by the Ministry of 
Transport)
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3. Inspection Results

Inspection Item National
Limit
Value

Value from Inspection
on Applicants
Apparatus

Rate of
Decrease

Carbon Monoxide
(CO)

980 ppm 290.6 ppm 70 %

Hydro-carbon
(HC)

670 ppm 228.4 ppm 66 %

Nitrogen Oxides
(NOx)

520 ppm 374.3 ppm 28 %

• · · ·
····

• ·····

As apparent from the inspection results of the above 
test as well, it was also possible to effectively decrease 
the harmful exhaust gas by using the apparatus according to 
this second embodiment.

Figs. 10 - 14 show a harmful exhaust gas decreasing 
apparatus 200 according to the third embodiment of the 
present invention. As shown in Fig. 10, the apparatus 200 
includes a fuel passage tube 207, which holds ferromagnetic 
plates 206 in it.

The fuel passage tube 207 may be made of a stainless 
steel plate, which is highly resistant to impact and 
corrosion. As shown in Figs. 10 - 14, the tube 207 includes 
a cylindrical body 207a and end plates 207b and 207c, which 
close its both ends. As a specific example, the body 207a 
has a length of about 500 mm, an inner diameter Din (Fig. 3) 
of 134 mm, an outer diameter Dout (Fig. 3) of 140 mm, and a 
thickness of 3 mm. The end plates 207b and 207c have a 
diameter of about 134 mm and a thickness of 5 mm. The end
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plate 207b has a supply port 8a formed through it and 
connected to a fuel oil supply pipe 4 . The other plate 207c 
has a discharge port 8b formed through it and connected to 
another fuel oil supply pipe 4. Each of the plates 207b and 
207c has a center hole formed through it. A long bolt 17 
extends as a fixed shaft through the center holes.

····

• »·

• ·· ·
····» · ·* · ·

As shown in Figs. 10 and 11, the fuel passage tube 207 
holds many ferromagnetic plates 206 in it, which may be 
eighteen in number. The plates 206 are fastened to the long 
bolt 17 extending through them. The plates 206 are placed at 
regular intervals axially in the tube 207, and are radial of 
(with respect to) it. Each plate 206 is fixed by a pair of 
nuts 18 through packings 19 on its both sides. The tube 207 
has holding plates 20 axially midway in it, which may be two 
in number and are made of non-magnetic material. The plates 
20 are fastened to the long bolt 17 extending through them.
As illustrated, each plate 20 is fixed by nuts 18 with one 
side of the adjacent ferromagnetic plate 206 on its one side. 
Both end portions of the bolt 17 extend through the center 
holes of the end plates 207b and 207c. The holes may be 
stopped up by welding. Alternatively, the bolt end portions 
may be fixed by nuts through packings on both sides of each 
end plate 207b, 207c. The end plates 207b and 207c are 
welded to the body 207a.

As shown in Figs. 12 - 14, each ferromagnetic plate 206 
is generally square in front view with its corners 206a cut 
away in an arc. As a specific example, each plate 206 has a 
length Ha (Fig. 3) of 101 mm between the opposite straight 
sides, a length Hb (Fig. 12) of 132 mm between the opposite 
corners, and a thickness of 4 mm. The plates 206 are made of 
ferromagnetic material, which should preferably be wet (type) 
aeolotropic or anisotropic ferrite magnets. Material No.
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ferrite magnet has a residual magnetic flux density of 4.2 
Br, a coercive force of 2.95 He and a maximum energy product 
of 4.2 BH. The strong magnetism of this material can 
securely activate light oil molecules.

With the ferromagnetic plates 206 thus fixed on the long 
bolt 17 in the tube 207, four fuel oil flow openings or 
specific examples, each opening 210 has a maximum width of 18 
mm, and each gap 21 has a clearance of about 1 mm.

As apparent from Fig. 10, the ferromagnetic plates 206 
are displaced angularly around the long bolt 17 a little in 
sequential order. Consequently, the fuel oil flow openings 
210 and slight gaps 21 are not completely aligned between the 
spaces 210 in the form of segments of a circle are formed 
each between one straight side of each plate 206 and the 
inner cylindrical surface of the body 207a. A slight gap 21 
is formed between each arcuate corner 206a of each plate 206 
and the inner surface of the body 207a. The openings 210 and 
gaps 21 constitute a fuel passage 208A in the tube 207. As 
adjacent plates 206 axially of the tube 207. This forms many 
winding branches of a fuel passage 208 in the tube 207. As a 
result, greatly widened is the range of contact between the 
light oil (fuel oil) flowing through the passage 208 and the 
plates 206, so that the light oil molecules are securely 
activated. Because each plate 206 is so shaped that its 
peripheral sides do not contact with the inner cylindrical 
surface of the body 207a, it is easy to insert the plates 206 
into the body 207a. In addition, the overall peripheral 
sides of each plate 206 can contact with the light oil, so 
that the range of contact with the plates 206 is widened 
further. The slight gaps 21 form very small part of the fuel 
passage 208. Most of the light oil (fuel oil) flows through 
the passage 208 formed by the fuel oil flow openings 210.
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The holding plates 20 prevent the tube body 207a from
being deformed by the tightening or fastening force of a U
bolt or the like, when the harmful exhaust gas decreasing £
apparatus is mounted on an automobile or a boiler with the 
bolt or the like. The plates 20 are positioned at required 
places midway in the tube 207. As shown in Figs. 10 and 13, 
a peripheral portion of each holding plate 20 is cut away to 
form a fuel oil flow opening or space 22 in the form of a 
segment of a circle between the plate 20 and the inner 
surface of the body 207a. Therefore, most of the peripheral 
side of each plate 20 contacts with the inner cylindrical 
surface of the body 207a to support the body. Each plate 20 
may be made of poly tetrafluoroethylene (trade mark "Teflon") 
and 5 mm thick. The plates 20 have sufficient strength, high 
heat resistance and high chemical resistance'. The plates 20 
also have a low friction factor and low stickiness, so that 
the light oil can flow smoothly.

fl*···
• · «• · ·
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In the harmful exhaust gas decreasing apparatus 200, the 
light oil supplied from a fuel tank 2 to an engine room 3A 
passes through the fuel passage tube 207, where it contacts 
with the many ferromagnetic plates 206. The magnetic action 
of the plates 206 fractionizes the molecules constituting the 
light oil, so that the fuel oil molecules are activated. In 
particular, in the tube 207, almost only the many
ferromagnetic plates 206 are placed near the adjacent ones, 
and the fuel passage 208 has many winding branches. As a 
result, remarkably widened is the range of contact between 
the light oil flowing through the passage 208 and the plates 
206. It is therefore possible to activate the light oil 
molecules more securely. This can, in comparison with the 
prior art, remarkably improve the combustion efficiency of 
the light oil burned in an internal combustion engine 3A or a 
boiler 3B. It is consequently possible to save the fuel 
consumption and greatly decrease the harmful matter in the
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exhaust gas.
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In the harmful exhaust gas decreasing apparatus 200, the e
many ferromagnetic plates 206 are fixed to the long bolt 17, 
which extends axially through them and the tube 207. 
Consequently, it is possible to incorporate the plates 206 
into the tube 207 by mounting all of them in position on the 
long bolt 17, and then inserting them simply (as they are) 
into the tube 207. Therefore, the incorporation of the 
plates 206 into the tube 207 is simple and easy. Because 
each plate 206 is so shaped that its peripheral sides do not 
contact with the inner cylindrical surface of the body 207a, 
it can be easily inserted into the tube 207. Because each 
plate 206 can be fixed by the nuts 18 through the packings 19 
on its both sides, it is simple to mount the plate 206 and 
easy to adjust the mounting position.

The following exemplify the decrease of harmful exhaust 
gas effected by the exhaust gas decreasing apparatus 200 
according to the third embodiment shown in Fig. 10.

Test 1
1. Automobile Details

Maker:
Engine Type:
First Year Registration:
Total Vehicle Weight: 19,870 kg
Displacement: 11,670 cc
Total Distance of Test Traveling: 582,905 km

2. Exhaust Gas Density Inspection Agency
Juridical Foundation Nippon Jidosha Kenkyusho
Tsukuba, Ibaraki Prefecture
(an inspection agency authorized by the Ministry of
Transport)

Nissan Diesel
PE6 Turbo 
April, 1989
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3. Inspection Results

Inspection Item National
Limit
Value

Value from
Inspection
Applicants

on
Apparatus

Rate of
Decrease

Carbon Monoxide
(CO)

980 ppm 176.5 ppm 82 %

Hydro-carbon
(HC)

670 ppm 144.8 ppm 78 %

Nitrogen Oxides
(NOx)

520 ppm 449.2 ppm 14 %

• · · ·• ··

• ••ft• ••ft

As apparent from the inspection results of above Test 1, 
the present invention made it possible to decrease the 
harmful exhaust gas.

• · · ·• · ·• · ·• ftft ft ft• ft ft• ft ft• ft

Test 2
1. Automobile Details

Maker :
Engine Type:
First Year Registration: 
Total Vehicle Weight: 
Displacement:

Mitsubishi
8DC9

December, 1988 
20,000 kg 
16,031 cc

Total Distance of Test Traveling: 573,711 km 
Exhaust Gas Density Inspection Agency
Juridical Foundation Nippon Jidosha Kenkyusho 
Tsukuba, Ibaraki Prefecture
(an inspection agency authorized by the Ministry of 
Transport)
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Inspection Item National
Limit
Value

Value from «
Inspection on
Applicants Apparatus

Rate of
Decrease

Carbon Monoxide
(CO)

980 ppm 290.6 ppm 70 %

Hydro-carbon
(HC)

670 ppm 228.4 ppm 66 %

Nitrogen Oxides
(NOx)

520 ppm 374.3 ppm 28 %

····
·· ··

• · · ·• ·· ·

As apparent from the inspection results of the above 
test as well, the present invention made it possible to 
decrease the harmful exhaust gas.

• ·• · · ·
Test 3

1. Automobile Details
Maker:
Engine Type:
First Year Registration: 
Total Vehicle Weight: 
Displacement:

Hino
W06D
August, 1985 
6,240 kg 
5,759 cc

Total Distance of Test Traveling: 11,516 km 
Exhaust Gas Density Inspection Agency
Juridical Foundation Nippon Jidosha Kenkyusho 
Tsukuba, Ibaragi Prefecture
(an inspection agency authorized by the Ministry of 
Transport)
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Inspection Item National
Limit
Value

Value from
Inspection
Applicants

e
on
Apparatus

Rate of
Decrease

Carbon Monoxide
(CO)

980 ppm 417.2 ppm 57 %

Hydro-carbon
(HC)

670 ppm 289.0 ppm 57 %

Nitrogen Oxides
(NOx)

520 ppm 455.9 ppm 12 %

• ·
As apparent from the inspection results of the above 

test as well, the present invention made it possible to 
decrease the harmful exhaust gas.

Test 4
1. Automobile Details

Maker: Isuzu
Engine Type: 6BG1
First Year Registration: September, 1986
Total Vehicle Weight: 7,155 kg
Displacement: 6,494 cc
Total Distance of Test Traveling: 72,163 km

2. Exhaust Gas Density Inspection Agency
Juridical Foundation Nippon Jidosha Kenkyusho
Tsukuba, Ibaragi Prefecture
(an inspection agency authorized by the'Ministry of
Transport)
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Inspection Item National
Limit
Value

Value from
s

Inspection on
Applicants Apparatus

Rate of
Decrease

Carbon Monoxide
(CO)

980 ppm 197.0 ppm 80 %

Hydro-carbon
(HC)

670 ppm 154.0 ppm 77 %

Nitrogen Oxides
(NOx)

520 ppm 468.9 ppm 10 %

As apparent from the inspection results of the above 
test as well, the present invention made it possible to 
decrease the harmful exhaust gas.

Figs. 15 - 20 show a harmful exhaust gas decreasing 
apparatus 300 according to the fourth embodiment of the 
present invention. As shown in Fig. 15, the apparatus 300 
includes a fuel passage tube 307 charged with bagged far 
infrared ceramic pieces 305.

The fuel passage tube 307 may be made of a stainless 
steel plate, which is highly resistant to impact and 
corrosion. As shown in Figs. 15 - 19, the tube 307 includes 
a cylindrical body 307a and end plates 307b and 307c, which 
close its both ends. As a specific example, the body 307a 
has a length of about 500 mm, an inner diameter of 134 mm, an 
outer diameter of 140 mm, and a thickness of 3 mm. The end 
plates 307b and 307c have a diameter of about 133.6 mm and a 
thickness of 5 mm. The end plate 307b has a supply port 8a
formed through it and connected to a fuel oil supply pipe 4 .
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The other plate 307c has a discharge port 8b formed through 
it and connected to another fuel oil supply pipe 4. As shown 
in Fig. 15, the tube 307 is filled with mesh bags 23 packed 
with the far infrared ceramic pieces 305, which are shaped 
like balls.

As shown in Figs. 17 and 18, each mesh bag 23 consists 
of a pair of halves 23a. Each half 23a consists of stainless 
mesh 24, which is shaped like a cup, and a reinforcing 
stainless ring 25, which is fixed to the rim of the mesh 24. 
The ring 25 has such a diameter that it can be fitted easily 
into the tube body 307a. Each bag 23 can be charged with far 
infrared ceramic'pieces 305 by, as shown in Fig. 18, filling 
its halves 23a with the pieces 305, then closing the halves 
23a with each other, and finally joining the rings 25 with 
stainless wires 26, thus bagging the pieces 305 as shown in 
Fig. 17. The body 307a can then be packed with the bags 23 
thus filled with the pieces 305.

The far infrared ceramic pieces 305 can radiate far 
infrared rays at normal temperature, which have a wave length 
of 4-24 micrometers and an emissivity of an average of 
about 0.8 (Fig. 8) . The pieces 305 have a diameter of 7 - 8 
mm and are products of Noritake Kabushiki Kaisha. As shown 
in Fig. 16, the pieces 305 bagged and packed into the tube 
307 contact at points with the adjacent ones, so that fuel 
passages 308 are formed among the pieces 305.

In using the harmful exhaust gas decreasing apparatus 
300, light oil is supplied from a fuel tank 2 to an engine 
room 3A through the fuel passage tube 307. As shown in Fig. 
15, the oil enters the tube 307 through the supply port 8a. 
Then, as shown in Fig. 16, the oil flows through the fuel 
passages 308 among the far infrared ceramic pieces 305, and 
is discharged through the discharge port 8b. While flowing
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through the passages 308, the oil contacts with the pieces 
305 radiating far infrared rays, which subject it to resonant 
action to activate the light oil molecules. The activatedf
molecules can, in comparison with the prior art, remarkably 
improve the combustion efficiency of the light oil burned in 
the engine room 3A. It is consequently possible to save the 
fuel consumption and greatly decrease the harmful matter in 
the exhaust gas.

In the harmful exhaust gas decreasing apparatus 300, the 
fuel passage tube 307 can be charged with the mesh bags 23, 
which can be filled with the far infrared ceramic pieces 305. 
It is therefore simple and easy to charge the tube 307 with

. the pieces 305 and take them out. Because the pieces 305 are
• ·, spherical, the fuel passages 308 are formed among them so····

**** securely that the light oil (fuel oil) does not stop flowing
···«

midway. In addition, the oil can contact with the spherica,l». · ·• ·
* ;· pieces 305 so effectively as to be exposed to the far····

infrared rays sufficiently for secure activation.

• · ·• · ·
.··;·, The following exemplify the decrease of harmful exhaust• · *
.··. · gas effected by this fourth embodiment.• · ·• ·

1 .···

2 .

Internal Combustion Engine Details 
Engine Maker: Isuzu
Vehicle Type: Tank Truck
First Year Registration: December, 1984
Total Vehicle Weight: 19,835 kg

(horse power: 275 ps) 
Displacement: 12,011 cc

Exhaust Gas Density Inspection Agency 
Juridical Foundation Nippon Nainen Kikan Kenkyusho 
Tsukuba, Ibaragi Prefecture
(an inspection agency authorized by the Ministry of 
Transport)
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3. Inspection Results

Inspection Item National
Limit
Value

Value from Rate of
DecreaseInspection

Applicants

ISon
Apparatus

Carbon Monoxide
(CO)

980 ppm 307 ppm 69 %

Hydro-carbon
(HC)

670 ppm 150 ppm 78 %

Nitrogen Oxides
(NOx)

520 ppm 502 ppm 3 %

As apparent from the inspection results of the above 
test as well, the present invention made it possible to 
decrease the harmful exhaust gas.

In the embodiment shown in Fig. 15, each mesh bag 23 
filled with far infrared ceramic pieces 305 is sized nearly 
to the inner diameter of the tube 307. The bags 23 are 
placed in a row in the tube 307. Alternatively as shown in 
Fig. 19, the tube 307 may be packed suitably with relatively 
small mesh bags 23A filled with far infrared ceramic pieces 
305 .

Fig. 20 shows results of a measuring test for the far 
infrared (radiation) emissivity of far infrared ceramic 
pieces 305 used in the above embodiment. The average 
emissivity at a wave length of 4-24 micrometers was 7 6.1 %. 
The test was carried out by Kawatetsu Techno-research 
Kabushiki Kaisha with the following particulars.

1 . Samples or Specimens
200 g of white ceramic balls made by Noritake Kabushiki
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Kaisha
2. Measuring State

The samples were powdered, then compressively packed by 
£a press into a sample holder of volume suitable for use 

on (in) an FT-IR apparatus, and measured.
3. Measuring Conditions

1) Apparatus: FT-IR made by Nippon Denshi
Kabushiki Kaisha

2) Measuring Temperature: About 150 degrees C
3) Measuring Method: Measuring method by

two-point temperature 
standard

4) Temperature Measuring Method: Measuring with a 
thermo (electric) couple tip put slightly into the powder 
surface
5) Reference (light): Blackbody furnaceaction.

The magnetism of the ferromagnetic plates

INDUSTRIAL APPLICABILITY
According to the present invention, as apparent from the 

above descsription, the fuel oil supplied from a fuel tank to 
an internal combustion engine or a boiler passes through a 
fuel passage tube, where it contacts with far infrared 
ceramic pieces and/or ferromagnetic plates. The ceramics 
radiate far infrared rays, which subject the oil to resonant 
fractionizes the oil. As a result, the fuel oil molecules 
are activated. If the oil contacts with both the far 
infrared ceramic pieces and the ferromagnetic plates, it is 
subjected to both actions. This can, as compared with the 
prior art, remarkably improve the combustion efficiency of 
the fuel oil burned in the engine room or boi'ler combustion 
chamber. It is consequently possible to save the fuel 
consumption and greatly decrease the harmful matter in the 
exhaust gas.
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The claims defining the invention are as follows:

1. An apparatus for decreasing the harmful exhaust gas from an internal 
combustion engine or a boiler each having a combustion chamber in communication 
with a fuel oil supply path from a fuel tank, the apparatus comprising a fuel passage

5 tube being interposed in said path such that fuel oil from the fuel tank supplied to the 
combustion chamber passes through the passage tube, a plurality of partitions placed 
inside the passage tube at axial predetermined intervals, said partitions each having a 
fuel oil flow-through opening formed at a suitable position to provide a winding 
passage for fuel oil inside the passage tube, and wherein said passage tube contains 

io ferromagnetic plates at a middle section and far infrared radiating ceramic pieces at
axial end sections.

2. The apparatus set forth in claim 1, wherein said fuel passage tube 
contains one or more filters.

3. The apparatus set forth in claim 1 or 2, wherein said ferromagnetic
15 plates are of an aeolotropic ferrite magnet.

4. An apparatus for decreasing the harmful exhaust gas from an internal 
combustion engine or a boiler each having a combustion chamber in communication 
with a fuel oil supply path from a fuel tank, the apparatus comprising a fuel passage 
tube being interposed in said path such that the fuel oil from the fuel tank supplied to

20 the combustion chamber passes through the passage tube, a plurality of partitions 
placed inside the passage tube at axial predetermined intervals, said partitions each 
having a fuel oil flow-through opening formed at a suitable position to provide a 
winding passage for the fuel oil inside the passage tube, and wherein at least one 
ferromagnetic plate is arranged on each of said partitions.

25 5. The apparatus set forth in claim 4, wherein said partitions inside the
passage tube are made of resin tetrafluoride.

6. An apparatus for decreasing the harmful exhaust gas from an internal 
combustion engine or a boiler each having a combustion chamber in communication 
with a fuel oil supply path from a fuel tank, the apparatus comprising a fuel passage

3o tube being interposed in said path such that fuel oil from the fuel tank supplied to the 
combustion chamber passes through the passage tube, the passage tube containing 
ferromagnetic plates, a central fixed shaft held inside the passage tube along the axis 
thereof, wherein the ferromagnetic plates are fixed on the fixed shaft at axial 
predetermined intervals and so arranged as to extend radially from the passage tube,

35 and fuel oil flow-through openings are formed between the ferromagnetic plates and an 
interior wall of the passage tube so as to provide a passage for the fuel oil inside of the 
passage tube.

(N:\LIBLL)02244:PVH
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7. The apparatus set forth in claim 6, wherein said flow-through 
openings are displaced angularly relative to an adjacent opening for providing a 
winding passage for the fuel oil.

8. The apparatus set forth in claim 6 or 7, wherein said ferromagnetic 
5 plates each have a peripheral portion spaced from an interior wall of said tube for

forming the fuel flow-through openings, and the apparatus further comprises a holding 
plate of non-magnetic material for supporting the passage tube being fixed on the 
central shaft and having a peripheral portion of which a part is spaced from the interior 
wall of said tube for providing the flow-through passage of the fuel oil inside the tube

io and the remaining periphery section is adapted to contact the interior wall of the tube.
9. The apparatus set forth in claim 8, wherein said holding plate is made 

of resin tetrafluoride.
10. The apparatus set forth in anyone of claims 6 to 9, wherein said fixed 

shaft is a long bolt, and said ferromagnetic plates are fixed on the bolt by nuts
15 compressing said ferromagnetic plate at both front and rear sides by means of 

interposed packings.

11. An apparatus for decreasing the harmful exhaust gas from an internal 
combustion engine or a boiler each having a combustion chamber in communication 
with a fuel oil supply path from a fuel tank, the apparatus comprising a fuel passage

20 tube interposed in said path such that ftiel oil from the fuel tank supplied to the 
combustion chamber passes through the passage tube, the passage tube containing far 
infrared radiating ceramic pieces substantially in the entire internal area of the tube, 
wherein the ceramic pieces are packed in a plurality of mesh bags.

12. The apparatus set forth in claim 11, wherein said ceramic pieces are
25 spherical in shape.

13. An apparatus for decreasing the harmful exhaust gas from an internal 
combustion engine or a boiler each having a combustion chamber in communication 
with a fuel oil supply path from a fuel tank, the apparatus substantially as hereinbefore 
described with reference to Figs. 1 to 5 and 20 to 22; Figs. 6 to 9 and 20 to 22; Figs.

3o 10 to 14 and 20 to 22; Figs. 15 to 18 and 20 to 22; or Figs. 19 to 22 of the 
accompanying drawings.

Dated 3 December, 1998 
Hideaki Makita

Patent Attorneys for the Applicant/Nominated Person
SPRUSON & FERGUSON

[N:\LIBLL]02244:PVH
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