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magnetic waves and a method for manufacturing the
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about 80% Fe,>03, between about 3% and about 8%
NiO, between about 15% and about 25% ZnO, and
between about 3% and about 8% CuQ, and a mixture
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furnace, and cooling the sintered body gradually. The
ceramic composition can absorb much of the electro-
magnetic waves generated from electric devices such
as cellular phones, beepers, computers, wireless tele-
phones, etfc. by attaching the ceramic composition at a
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Description

Background of the Invention

The present invention relates to a ceramic composition and a method for manufacturing the same, and more par-
ticularly to a ceramic composition for absorbing electromagnetic waves generated from electric devices such as a cel-
lular phone, a beeper, a computer, a wireless telephone etc., and a method for manufacturing the same.

2. Description of the Prior Art

Generally, fine ceramics or new ceramics are different from conventional ceramics in their composition and their
manufacturing method such as forming and sintering. That is, fine ceramics are manufactured by a forming method and
a sintering method which exactly control a precisely prepared composition by using an artificial raw powder or a highly
purified raw powder. Thus, fine ceramics have a greater number of applications than conventional ceramics. Fine
ceramics are used for various purposes because various applications of fine ceramics have recently been discovered.

Fine ceramics are generally classified into oxide type ceramics and non-oxide type ceramics. An oxide type
ceramic includes alumina (Al,Qs3), ferrite (Fe>O3), zirconia (ZrOs), and titania (TiO5) etc. A non-oxide type ceramic
includes silicon carbide (SiC), and silicon nitride (SisN,) and so on. No w, new applications for fine ceramics such as
thermal applications, mechanical applications, bio-chemical applications, electric applications, electronic applications,
and optic applications are being discovered, and the research concerning these applications will be continued.

At present, many electric devices such as cellular phones, beepers, computers, wireless telephones, televisions
etc., are utilized during daily life. It is necessary to use these electric devices in modem daily life, but most of these
devices radiate electromagnetic waves. It is well known to everybody that the electromagnetic waves generated from
these electric devices are harmful to people who use these electric devices. Therefore, research for shielding the harm-
ful electromagnetic waves generated from these electric devices is being continued. Pellets for making electromagnetic
waves shielding material are disclosed in U.S. Patent No. 4,960,642 (issued to Izumi Kosuga et. al). The pellets can
shield electromagnetic waves by inserting conductive fibers into a matrix resin. Also, a method for absorbing electro-
magnetic waves generated from electric devices by means of installing a ferrite core into these electric devices is dis-
closed.

However, above-described pellets and method can't block enough of the electromagnetic waves generated from
these electric devices, and the manufacturing method and the structure of these devices are complicated because the
pellets and the magnetic core are inserted on the circuit board of the electromagnetic devices.

Summary of the Invention

Considering the above-mentioned problems, it is a first object of the present invention to provide a ceramic compo-
sition for absorbing electromagnetic waves generated from electric devices by attaching the composition at a predeter-
mined position on the electric devices.

It is a second object of the present invention to provide a method for manufacturing a ceramic composition for
absorbing electromagnetic waves which is specially suited for manufacturing the ceramic composition.

To achieve the first object, the ceramic composition for absorbing electromagnetic waves according to the present
invention comprises: a raw powder comprising by weight between about 60% and about 80% Fe;O3, between about
3% and about 8% NiO, between about 15% and about 25% ZnO, and between about 3% and about 8% CuO; and a
mixture around the raw powder comprising by weight between about 30% and about 50% water, between about 0.2%
and about 0.6% a dispersing agent, between about 0.5% and about 1.0% a plasticizer, and between about 0.1% and
about 0.4% a lubricant.

Also, to achieve the second object, the method for manufacturing the ceramic composition for absorbing electro-
magnetic waves according to the present invention comprises the steps of: i) homogeneously mixing a raw powder
comprising by weight between about 60% and about 80% Fe-O3, between about 3% and about 8% NiO, between about
15% and about 25% ZnO, and between about 3% and about 8% CuO, and a mixture around the raw powder comprising
by weight between about 30% and about 50% water, between about 0.2% and about 0.6% a dispersing agent, between
about 0.5% and about 1.0% a polyvinyl alcohol, between about 0.0005 and about 0.004 Bi;O3, and between about
0.1% and about 0.4% a lubricant; ii) grinding the mixed powder; iii) converting the grounded powder into granulates; iv)
forming the granulates into a shaped body; v) sintering the shaped body to form a sintered body; and vi) cooling the
sintered body gradually.
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Detailed Description of the Invention

Preferably, the mixture around the raw powder has by weight between about 0.0005 and about 0.004% Bi>QO5 as
the plasticizer and hexamethanol as the dispersing agent.

The step ii) is a wet grinding method using a ball mill for 2 hours 10 4 hours so as to make the mixed powder having
a particle distribution of between about 1um and about 3um. The step iii) is a spray drying method maintaining a tem-
perature of an entrance of a spray-drier between 550°C and 600°C and maintaining a temperature of an exit of the
spray-drier between 100°C and 150°C so as to make the granulates which have by weight between about 0.1% and
about 0.4% moisture. Also, the step iv) is forming the granulates by using a metal pressing means at a pressure of
between 800kg/cm? and 1200kg/cm?.

Preferably, the step v) has the steps of: i) heating the shaped body loaded in a furnace up to a first temperature of
about 400°C for about 3 hours after loading the shaped body in the furnace, ii) maintaining the first temperature of the
furnace at about 400°C for about 1 hour, iii) heating the shaped body loaded in the furnace up to a second temperature
of about 900°C for about 4 hours, iv) maintaining the second temperature of the furnace at about 900°C for about 2
hours, v) heating the shaped body loaded in the furnace up to a third temperature of about 1200°C for about 3 hours,
and vi) maintaining the third temperature of the furnace at about 1200°C for about 2 hours.

Also, preferably, the step vi) further has the steps of: i) making the furnace airtight and cooling gradually the sin-
tered body loaded in the furnace between about 40 hours and about 60 hours, and ii) unloading the sintered body from
the furnace at a temperature below about 200°C and cooling gradually the sintered body in an atmosphere.

In the case that the raw powder comprises by weight between about 65% and about 75% Fe,O3, between about
15% and about 25% Zn0, between about 4% and about 8% NiO, and between about 4% and about 8% CuQ, absorp-
tion rates of electric fields generated from electric devices are between about 59.7% and about 61.9%. Particularly, in
the case that the raw powder comprises by weight about 70% Fe-Oj3, about 20% ZnO, about 5% NiO, and about 5%
CuQ, an absorption rate of an electric field has a maximum value of about 61.9% when the absorption rate is measured
by using a Holaday HI-4000 RF Hazard Measurement System. However, when a raw powder comprises by weight
below about 40% Fe,O5 and below about 15% ZnO, a forming density of the raw powder is lowered and a dense sin-
tered body cannot be obtained. As a result, an absorption rate of an electric field is below about 30%. Also, when a raw
powder comprises by weight above about 80% Fe>O3 or by weight above about 30% ZnO, an absorption rate of an
electric field is below about 30% because grinding the raw powder and adjusting the grain size of the raw powder may
be difficult, so the grain size of the raw powder grows excessively during sintering of the raw powder.

Therefore, the ceramic composition according to the present invention can absorb the electromagnetic waves gen-
erated from electric devices such as cellular phones. beepers, computers, wireless telephones, televisions, etc. by
attaching the composition at predetermined position on the devices.

The above objects and other advantages of the present invention will become more apparent by describing in detail
the preferred embodiments thereof.

Example 1

A raw powder comprising by weight about 70% Fe,O3, about 5% NiO, about 20% ZnO, and about 5% CuO, and a
mixture around the raw powder comprising by weight about 40% water, about 0.4% hexamethanol as a dispersing
agent, about 0.75% polyvinyl alcohol and about 0.001% Bi>O3 as a plasticizer, and about 0.2% H>ZnO, as a lubricant,
were homogeneously mixed.

The FesO3, the NiQ, the ZnO, and the CuO were powders manufactured by Kyocera Co., Japan. The dispersing
agent, the plasticizer and the lubricant were produced by Sannop Co., Japan.

Subsequently, the mixed powder was grounded by using a wet grinding method in a ball mill for about 2 hours to
about 4 hours, preferably for 3 hours, and then the grounded powder was converted to granulates which had a particle
distribution of between about 1um and about 3um, and the granulates were formed by using a spray-drier. At that time,
a temperature of an entrance of the spray-drier was maintained between about 550°C and about 600°C, preferably
580°C, and a temperature of an exit of the spray-drier was maintained between about 100°C and about 150°C, prefer-
ably 120°C, so granulates having a moisture content of between about 0.2% and about 0.3% were made. The granu-
lates had a density of 1.05g/cm® to 1.13g/cm?.

The granulates were pressed by using a metal press at the pressure of between about 800kg/cm? and about
1200kg/cm?, preferably 1000kg/cm?, at room temperature, to form a shaped body having a density of between about
1.15g/cm® and about 1.23g/cm®.

Successively, the shaped body was sintered in a furnace for 15 hours. The sintering process of the shaped body
was divided into 6 steps as follows.

A first step was heating the shaped body in the furnace to a temperature of about 400°C for 3 hours after loading
the shaped body in the furnace. A second step was fixing a temperature of the furnace at 400°C for 1 hour. A third step
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was heating the shaped body in the furnace from 400°C to 900°C for 4 hours. A fourth step was fixing a temperature of
the furnace at 900°C for 2 hours. A fifth step was heating the shaped body in the furnace from 900°C to 1200°C for 3
hours. A sixth step was fixing a temperature of the furnace at 1200°C for 2 hours. As a result, a sintered body was
obtained.

Then, the sintered body in the furnace was cooled gradually for 50 hours after the furnace was made airtight. When
a temperature of the furnace was below 200°C, the sintered body was cooled in an atmosphere so as to produce a
ceramic composition having a predetermined shape after the sintered body was unloaded from the furnace.

An absorption rate of an electric field generated by a cellular phone (manufactured by LG Electronics Co., Korea)
according to the present embodiment is shown in Table 1. The generated electric field and the absorption rate shown
in Table 1 were measured at an interval of 5 cm from the cellular phone by using a Holaday HI-4000 RF Measurement
System.

Table 1
Not attaching the Attaching the ceramic Absorption Rate (%)
ceramic composition composition
Electric Field (V/m) 28.3 10.8 61.8

Referring to Table 1, after the ceramic composition according to the present example is attached to the cellular
phone, the electric field is 10.8V/m. When the ceramic composition is not attached to the cellular phone, the electric
field is 28.3V/m. Therefore, the absorption rate of the electric field by the ceramic composition is about 61.8%.

Table 2 shows the absorption rate of the electric field generated from a cellular phone produced by Motorola Elec-
tronics Co.. The electric field and the absorption rate shown in Table 2 are measured at an interval of 2 cm from the
cellular phone by using the Holaday HI-4000 RF Measurement System.

Table 2
Not attaching the Attaching the ceramic Absorption Rate (%)
ceramic composition composition
Electric Field (V/m) 31.3 11.9 61.9

Referring to Table 2, after the ceramic composition according to the present example is attached to the cellular
phone, the electric field is 11.9V/m. When the ceramic composition is not attached to the cellular phone, the electric
field is 31.3V/m. Therefore, the absorption rate of electric field by the ceramic composition is about 61.9%.

Therefore, as shown in Table 1 and Table 2, the ceramic composition according to example 1 can absorb much of
the electric field which is generated by electric devices.

Example 2

A raw powder comprising by weight about 65% Fe>O3, about 4% NiQ, about 25% ZnQ, and about 6% CuO, and a
mixture around the raw powder comprising by weight about 40% water, about 0.3% hexamethanol as a dispersing
agent, about 0.6% polyvinyl alcohol and about 0.002% Bi,O; as a plasticizer, and about 0.25% H,ZnO, as a lubricant,
were homogeneously mixed. In this example, the materials were the same as those in the example 1.

Subsequently, the mixed powder was grounded by using a wet grinding method in a ball mill for about 2 hours to
about 4 hours, preferably for 3 hours, and then the grounded powder was converted to granulates which had a particle
distribution of between about 1um and about 3um. The granulates were formed by using a spray-drier. At that time, a
temperature of an entrance of the spray-drier was maintained between about 550°C and about 600°C, preferably
580°C, and a temperature of an exit of the spray-drier was maintained between about 100°C and about 150°C, prefer-
ably 120°C, so granulates having a moisture content of between about 0.2% and about 0.3% were made. The granu-
lates had a density of 1.05g/cm® to 1.13g/cm?.

The granulates were pressed by using a metal press at the pressure of between about 800kg/cm? and about
1200kg/cm?, preferably 1000kg/cm?, at room temperature, to form a shaped body having a density of between about
1.15g/cm® and about 1.23g/cm®.

Successively, the shaped body was sintered in a furnace for 15 hours. The sintering process of the shaped body
was divided into 6 steps as follows.

A first step was heating the shaped body in the furnace to a temperature of about 400°C for 3 hours after loading
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the shaped body in the furnace. A second step was fixing a temperature of the furnace at 400°C for 1 hour. A third step
was heating the shaped body in the furnace from 400°C to 900°C for 4 hours. A fourth step was fixing a temperature of
the furnace at 900°C for 2 hours. A fifth step was heating the shaped body in the furnace from 900°C to 1200°C for 3
hours. A sixth step was fixing a temperature of the furnace at 1200°C for 2 hours. As a result, a sintered body was
obtained.

Then, the sintered body in the furnace was cooled gradually for 50 hours after the furnace was made airtight. When
a temperature of the furnace was below 200°C, the sintered body was cooled in an atmosphere so as to produce a
ceramic composition having a predetermined shape after the sintered body was unloaded from the furnace.

An absorption rate of an electric field generated by a cellular phone (manufactured by LG Electronics Co., Korea)
according to the present example is shown in Table 3. The generated electric field and the absorption rate shown in
Table 3 were measured at an interval of 5 cm from the cellular phone by using the Holaday HI-4000 RF Measurement
System.

Table 3
Not attaching the Attaching the ceramic Absorption Rate (%)
ceramic composition composition
Electric Field (V/m) 27.9 11.1 60.2

Referring to Table 3, after the ceramic composition according to the present example is attached to the cellular
phone, the electric field is 11.1V/m. When the ceramic composition is not attached to the cellular phone, the electric
field is 27.9V/m. Therefore, the absorption rate of electric field by the ceramic composition is about 60.2%.

Table 4 shows the absorption rate of an electric field generated from a cellular phone produced by Motorola Elec-
tronics Co.. The electric field and the absorption rate shown in Table 4 are measured at an interval of 2 cm from the
cellular phone by using the Holaday HI-4000 RF Measurement System.

Table 4
Not attaching the Attaching the ceramic Absorption Rate (%)
ceramic composition composition
Electric Field (V/m) 31.5 12.3 61.0

Referring to Table 4, after the ceramic composition is attached to the cellular phone, the electric field is 12.3 V/m.
When the ceramic composition is not attached to the cellular phone, the electric field is 31.5V/m. Therefore, the absorp-
tion rate of the electric field by the ceramic composition is about 61.0%.

Therefore, as shown in Table 3 and Table 4, the ceramic composition according to example 2 can absorb much of
the electric field which is generated by electric devices.

Example 3

A raw powder comprising by weight about 69% Fe>O3, about 8% NiQ, about 15% ZnO, and about 8% CuO, and a
mixture around the raw powder comprising by weight about 40% water, about 0.5% hexamethanol as a dispersing
agent, about 0.7% polyvinyl alcohol and about 0.003% Bi>O3 as a plasticizer, and about 0.3% H,ZnO, as a lubricant,
were homogeneously mixed.

In the present example, the materials were the same as those in the example 1. Also, the processes of grinding,
pressing, sintering, and cooling were the same as those in the example 1.

An absorption rate of an electric field generated by a cellular phone (manufactured by LG Electronics Co., Korea)
according to the present example is shown in Table 5. The generated electric field and the absorption rate shown in
Table 5 were measured at an interval of 5 cm from the cellular phone by using the Holaday HI-4000 RF Measurement
System.
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Table 5
Not attaching the Attaching the ceramic Absorption Rate (%)
ceramic composition composition
Electric Field (V/m) 28.6 11.0 61.5

Referring to Table 5, after the ceramic composition according to the present example is attached to the cellular
phone, the electric field is 11.0V/m. When the ceramic composition is not attached to the cellular phone, the electric
field is 28.6V/m. Therefore, the absorption rate of the electric field by the ceramic composition is about 61.5%.

Table 6 shows an absorption rate of an electric field generated from a cellular phone produced by Motorola Elec-
tronics Co.. The electric field and the absorption rate shown in Table 6 are measured at an interval of 2 cm from the
cellular phone by using the Holaday HI-4000 RF Measurement System.

Table 6
Not attaching the Attaching the ceramic Absorption Rate (%)
ceramic composition composition
Electric Field (V/m) 31.1 11.9 61.7

Referring to Table 6, after the ceramic composition according to the present example is attached to the cellular
phone, the electric field is 11.9V/m. When the ceramic composition is not attached to the cellular phone, the electric
field is 31.1V/m. Hence, the absorption rate of the electric field by the ceramic composition is about 61.7%.

Therefore, as shown in Table 5 and Table 6, the ceramic composition according to example 3 can absorb much of
the electric field which is generated by electric devices.

Example 4

A raw powder comprising by weight about 75% Fe>O3, about 4% NiQ, about 17% ZnQ, and about 4% CuO, and a
mixture around the raw powder comprising by weight about 40% water, about 0.4% hexamethanol as a dispersing
agent, about 0.8% polyvinyl alcohol and about 0.002% Bi,O; as a plasticizer, and about 0.25% H,ZnO, as a lubricant,
were homogeneously mixed.

In the present example, the materials were the same as those in the example 1. Also, the processes of grinding,
pressing, sintering, and cooling were the same as those in the example 1.

All absorption rate of an electric field generated by a cellular phone (manufactured by LG Electronics Co., Korea)
according to the present example is shown in Table 7. The generated electric field and the absorption rate shown in
Table 7 were measured at an interval of 5 cm from the cellular phone by using the Holaday HI-4000 RF Measurement
System.

Table 7
Not attaching the Attaching the ceramic Absorption Rate (%)
ceramic composition composition
Electric Field (V/m) 28.1 11.2 60.1

Referring to Table 7, after the ceramic composition according to the present example is attached to the cellular
phone, the electric field is 11.2V/m. When the ceramic composition is not attached to the cellular phone, the electric
field is 28.1V/m. Therefore, the absorption rate of the electric field by the ceramic composition is about 60.1%.

Table 8 shows an absorption rate of an electric field generated from a cellular phone produced by Motorola Elec-
tronics Co.. The electric field and the absorption rate shown in Table 8 are measured at an interval of 2 cm from the
cellular phone by using the Holaday HI-4000 RF Measurement System.
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Table 8
Not attaching the Attaching the ceramic Absorption Rate (%)
ceramic composition composition
Electric Field (V/m) 31.3 12.6 59.7

Referring to Table 8, after the ceramic composition according to the present example is attached to the cellular
phone, the electric field is 12.6V/m. When the ceramic composition is not attached to the cellular phone, the electric
field is 31.3V/m. Hence, the absorption rate of the electric field by the ceramic composition is about 59.7%.

Therefore, as shown in Table 7 and Table 8, the ceramic composition according to example 4 can absorb much of
the electric field which is generated by electric devices.

As it is described above, the ceramic composition according to the present invention can absorb much of the elec-
tric field generated by electric devices. That is, the ceramic composition can absorb the electromagnetic waves gener-
ated from electric devices.

While the present invention has been particularly shown and described with reference to particular embodiments
thereof, it will be understood by those skilled in the art that various changes in form and detail may be effected therein
without departing from the spirit and scope of the invention as defined by the appended claims.

Claims
1. A ceramic composition for absorbing electromagnetic waves, comprising:
a raw powder comprising by weight between about 60% and about 80% Fe>QO3, between about 3% and about
8% NiO, between about 15% and about 25% Zn0O, and between about 3% and about 8% CuQ; and
a mixture around the raw powder comprising by weight between about 30% and about 50% water, between
about 0.2% and about 0.6% a dispersing agent, between about 0.5% and about 1.0% a plasticizer, and
between about 0.1% and about 0.4% a lubricant.
2. The ceramic composition for absorbing electromagnetic waves as claimed in claim 1, wherein said plasticizer
around the raw powder comprises by weight between about 0.5% and about 1.0% polyvinyl alcohol and between
about 0.0005 and about 0.004% BiyOs.

3. The ceramic composition for absorbing electromagnetic waves as claimed in claim 1, wherein said dispersing
agent comprises hexamethanol and said lubricant comprises HoZnO,.

4. A method for manufacturing a ceramic composition for absorbing electromagnetic waves, comprising the steps of:
i) homogeneously mixing a raw powder comprising by weight between about 60% and about 80% Fe;O3,
between about 3% and about 8% NiO, between about 15% and about 25% ZnO, and between about 3% and
about 8% CuO, and a mixture around the raw powder comprising by weight between about 30% and about
50% water, between about 0.2% and about 0.6% a dispersing agent, between about 0.5% and about 1.0% a
polyvinyl alcohol, between about 0.0005 and about 0.004 Bi,O3, and between about 0.1% and about 0.4% a
lubricant;

ii) grinding the mixed powder;

iii) converting the grounded powder into granulates;

iv) forming the granulates into a shaped body;

v) sintering the shaped body to form a sintered body; and

vi) cooling the sintered body gradually.

5. The method for manufacturing a ceramic composition as claimed in claim 4, wherein said step ii) is a wet grinding
method using a ball mill for 2 hours to 4 hours in order to form the mixed powder having a particle distribution of
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between about 1um and about 3um.

The method for manufacturing a ceramic composition as claimed in claim 4, wherein said step iii) is performed by
a spray drying method and by using a spray-drier so as to form the granulates having a particle distribution of
between about 1um and about 3um.

The method for manufacturing a ceramic composition as claimed in claim 6, wherein said step iii) is performed by
maintaining a temperature of an entrance of the spray-drier between about 550°C and about 600°C and a temper-
ature of an exit of the spray-drier between about 100°C and about 150°C so that the granulates have a moisture
content of between about 0.2% and about 0.3%.

The method for manufacturing a ceramic composition as claimed in claim 4, wherein said step iv) is performed by
using a metal press at a pressure of between about 800kg/cm? and about 1200kg/cm? at room temperature.

The method for manufacturing a ceramic composition as claimed in claim 4, wherein said step v) further comprises
the steps of:

heating the shaped body in a furnace to a temperature of about 400°C for 3 hours after loading the shaped
body in the furnace;

fixing a temperature of the furnace at 400°C for 1 hour;

heating the shaped body in the furnace from 400°C to 900°C for 4 hours:
fixing a temperature of the furnace at 900°C for 2 hours;

heating the shaped body in the furnace from 900°C to 1200°C for 3 hours; and

fixing a temperature of the furnace at 1200°C for 2 hours.

10. The method for manufacturing a ceramic composition as claimed in claim 4, wherein said step iv) further comprises

the steps of:

cooling gradually the sintered body in the furnace for 40 hours to 60 hours after the furnace is made airtight;
and

cooling the sintered body in an atmosphere after the sintered body is unloaded from the furnace when a tem-
perature of the furnace is below about 200°C.
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