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(54) BURNED PLANT MATERIAL AND ELECTROMAGNETIC SHIELDING MEMBER

(57) Provided is an electrically conductive composi-
tion capable of making specific volume resistivity control
easier, which can be produced by using a carbonaceous
material comprising a burned plant material alone.

A burned plant material is produced from soybean
hulls, rapeseed meal, sesame meal, cotton seed meal,

cotton hulls, rice hulls, rice bran, soybean chaffs, rice
straws, cereal hulls or the like by adjusting any of the
carbon content, burning temperature and median diam-
eter. The burned and carbonized plant material is ground
and sieved to give a median diameter of approx. 80 mm
or below. The burned plant material is obtained by burn-
ing at a temperature of 700 ˚C or higher.
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Description

FIELD OF THE INVENTION

[0001] The present invention is related to a burned plant material and electromagnetic shielding member; and more
particularly, it is related to a burned plant material and electromagnetic shielding member that are useful for making a
conductive material used for electronic components and electronic appliances.
[0002] In addition, the present invention is related to a burned plant material also functioning as an anti-charge material,
anti-static material, conductor, heating element and electromagnetic wave absorber, and an electromagnetic shielding
member, electronic appliance, inspection apparatus for electronic appliance and building material comprising the same.

BACKGROUND OF THE INVENTION

[0003] Patent Document 1 discloses the production of a synthetic resin composition comprising synthetic resin and
carbon precursor particles with a carbon content of 85% - 97% in order to provide a synthetic resin composition capable
of stably producing a synthetic resin molded product with a specific volume resistivity of 105-1010 [Ω·cm] and a synthetic
resin molded product with a specific volume resistivity of 105-1010 [Ω·cm] that are useful as an electro-static suppression
material. It describes that those carbon precursor particles are obtained by burning an organic material from 400 [˚C] to
900 [˚C] in an inert atmosphere.
[0004] Patent Document 2 discloses an electromagnetic wave absorber that comprises vegetable carbon and metal-
oxide dielectric as structural components. According to Patent Document 2, it is described that the one comprising
vegetable carbon as well as metal-oxide dielectric with a high-frequency electromagnetic wave absorption capability
can efficiently absorb [GHz]-band electromagnetic waves due to the synergistic effect, and this electromagnetic wave
absorber has a sufficient strength as a base board for building ceilings, walls and floors.
[0005] Patent Document 3 discloses that a stable and uniform electromagnetic shielding member is formed by adding
conductive carbon and carbon fiber to a plastic material at a ratio of 35 - 65 parts by weight (phr: per hundred resin
(rubber)) in order to provide an electromagnetic shielding member that is excellent in every characteristic of sound
insulation, shock and vibration isolation and that can be easily manufactured for an upsizing object at low cost.
[0006]

Patent Document 1: JPA1997-87418
Patent Document 2: JPA2002-368477
Patent Document 3: JPA1999-317116

DISCLOSURE OF THE INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0007] However, the synthetic resin molded product (electrically conductive composition) disclosed in Patent Document
1 is to control the specific volume resistivity by changing the mixing ratios of synthetic resin and carbon precursor
particles. However, slight changes in the mixing ratios result in a relatively large change in the specific volume resistivity.
Specifically, Table 1 in Patent Document 1 discloses the specific volume resistivity, and the difference is most clearly
seen in the specific volume resistivity in Embodiments 7 and 8.
[0008] More specifically, the constitutional difference in Embodiments 7 and 8 is only the difference of approx. 7 parts
by weight, wherein the mixing ratios of carbon precursor particles to synthetic resin are respectively 53.8 and 66.7 in
parts by weight. In spite of this, a difference in the specific volume resistivity becomes 45 times.
[0009] In addition, the synthetic resin molded product (electrically conductive composition) disclosed in Patent Doc-
ument 1 actually requires for mixing carbon fiber in addition to synthetic resin and carbon precursor particles even though
it mentions that it is not essential. This is thus a problem from a view point that 2 types of carbonaceous materials such
as carbon precursor particles and carbon fiber have to be mixed for producing a synthetic resin molded product.
[0010] Furthermore, the electromagnetic wave absorber disclosed in Patent Document 2 has problems from the
following view points. Firstly, although it mentions that the electromagnetic wave absorber disclosed in Patent Document
2 can efficiently absorb [GHz]-band electromagnetic waves, not only the absorbing level for [GHz]-band electromagnetic
waves is limited, but also it is unsuitable for efficiently absorbing, for example, [MHz]-band electromagnetic waves.
[0011] Secondly, since the electromagnetic wave absorber disclosed in Patent Document 2 contains vegetable carbon,
it clearly notes that a smaller specific gravity is an advantageous effect of the invention. However, this electromagnetic
wave absorber contains metal-oxide dielectric at a weight percentage of at least 20% or more of the total, or in the most
preferred case, 50% or more; and even though it contains vegetable carbon, the specific gravity of the electromagnetic
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wave absorber can hardly be evaluated as relatively light-weighted, and thus there is a problem that it is hard to use it
as a base board for building ceilings and walls due to its own weight.
[0012] Furthermore, in the case of the electromagnetic shielding member disclosed in Patent Document 3, if the
electromagnetic shielding member is used for a cable, only 35 [phr] to 65 [phr] of conductive carbon etc. can be blended
with a plastic material that is a base material in order not to lose the cable flexibility.
[0013] Since the blending of conductive carbon etc. and the cable flexibility have a trade-off relationship, a required
amount of conductive carbon cannot be contained in consideration of the cable flexibility. Therefore, a sufficient con-
ductivity cannot be acquired.
[0014] Thus, a problem to be solved by the present invention is to provide an electrically conductive composition
capable of making specific volume resistivity control easier, which can be produced by using a carbonaceous material
comprising a burned plant material only.
[0015] In addition, another problem to be solved by the present invention is to provide an electromagnetic shielding
member with a very small specific gravity that highly shields electromagnetic waves in a wide range.
[0016] Yet another problem to be solved by the present invention is to allow blending a relatively large quantity of
conductive carbon with the base material and in so doing, not to lose the flexibility of the base material.

MEANS OF SOLVING THE PROBLEMS

[0017] In order to solve the above problems, the burned plant material of the present invention is formed by adjusting
any of the carbon content, burning temperature and median diameter. The burned and carbonized plant material is
ground and sieved to give a median diameter of approx. 80mm or below. Specifically, the burned material may be burned
at a temperature of 700 ˚C or higher. Here, the burned material includes a burned material of soybean hulls, rapeseed
meal, sesame meal, cotton seed meal, cotton hulls, rice hulls, rice bran, soybean chaffs, rice straws, cereal hulls or the
like, and further includes a mutual mixture thereof.
[0018] In addition, the electromagnetic shielding member of the present invention is determined according to the
frequency band of the electromagnetic waves to be shielded by the above burned plant material. Specifically, the content
ratio against the base material may be set to 150 [phr] or more, preferably 200 [phr], and more preferably 300 [phr] or
more. The burned plant material is contained so that the electromagnetic shielding effectiveness is 20 [dB] or more in
the frequency band of 1000 [MHz] and below, or the electromagnetic wave absorption is 20 [dB] or more in the frequency
band of 4200 [MHz] - 8500 [MHz], or the electromagnetic wave absorption is 20 [dB] or more in the frequency band of
6800 [MHz] and above.
[0019] Furthermore, electronic appliance, inspection apparatus for electronic appliance, building material, covering
material and anti-static material according to the present invention comprise an electromagnetic shielding member
including the above burned plant material.
In addition, the present invention is an electrically conductive composition formed by compressing and molding a mixture
of the burned plant material and a base material, wherein
the burned plant material is a burned plant material produced by adjusting any of the carbon content, burning temperature
and median diameter, and is blended 100 [phr] or more against the base material, and
the burning temperature is 700 [˚C] or higher, and the median diameter is 1 mm or more.

EMBODYMENT OF THE INVENTION

[0020] Referring to drawings, embodiments according to the present invention are described hereinafter.

(EMBODIMENT 1)

[0021] First, an overview of the electrically conductive composition and electromagnetic shielding member of this
embodiment is described. The electrically conductive composition of this embodiment was found to function as an
electromagnetic shielding member as well. In consideration of this aspect, please note that an electrically conductive
composition mentioned in this application of the present invention may refer to an electromagnetic shielding member,
while an electromagnetic shielding member mentioned herein may refer to an electrically conductive composition.
[0022] This embodiment first produces a burned plant material by burning and carbonizing any of soybean hulls,
rapeseed meal, cotton hulls, sesame meal, and cotton seed meal. Today, the production of food oil etc. from soybeans
as a raw material results in causing a large amount of soybean hulls etc. Although most of those are reused as fodder
for live stock or agricultural fertilizer, further usages have been sought. As a result of dedicated study from the aspect
of ecology, as a way of further reusing soybean hulls etc., it was found that the burned plant material obtained by burning
soybean hulls etc. can be beneficially used as an electrically conductive composition.
[0023] The burned plant material is obtained by burning soybean hulls etc. in an inert gas atmosphere with nitrogen



EP 2 357 155 A1

4

5

10

15

20

25

30

35

40

45

50

55

gas etc. or in a vacuum condition by using a carbonization apparatus such as holding furnace or rotary kiln, for example,
at a temperature of approx. 900 [˚C]. Then, the burned material of soybean hulls etc. is ground and then sieved with,
for example, a 106 mm by 106 mm mesh. As a result, about 80% of the entire burned material of soybean hulls becomes
85 mm or below. In this case, the median diameter becomes, for example, approx. 30 mm to approx. 60 mm.
[0024] The median diameter was measured by a laser diffraction particle size analyzer, SALD-7000 etc. made by
SHIMADZU Corporation. In this embodiment, a burned material of soybean hulls etc. with a median diameter of, for
example, approx. 30 mm to approx. 60 mm, and those further pulverized to the minimum median diameter of approx. 1
mm are blended with ethylene propylene diene rubber etc. as a base material, at a ratio of, for example, approx. 100
[phr] to approx. 400 [phr] (per hundred resin (rubber)).
[0025] Pulverizing herein refers to a pulverization of a pre-pulverizing material to reduce its median diameter by about
one decimal order. Therefore, it refers that a median diameter of 30 mm before pulverization is pulverized to 3 mm.
However, pulverizing does not refer to exactly reducing the median diameter before pulverization by approx. one decimal
order, and it also includes pulverizing to reduce the median diameter before pulverization to 1/5 - 1/20. In this embodiment,
the pulverization was carried out so that the median diameter after pulverization becomes 1 mm at the smallest.
[0026] After the above blending, an electrically conductive composition is obtained by vulcanizing and molding said
rubber. As the base material, urethane, glass wool and wood may be used other than various rubbers such as ethylene
propylene diene rubber.
[0027] Here, it is worth noting that the maximum of 4 times or more of the conductive carbon can be blended with the
base material in comparison to the electromagnetic shielding member disclosed in Patent Document 1.
[0028] Objectively evaluating this point, the electromagnetic shielding member is as if produced by adding a small
amount of ethylene propylene diene rubber etc. as a binder to the conductive carbon.
[0029] Fig. 1 shows charts indicating the measurement results of the electromagnetic shielding characteristics of the
electrically conductive composition of this embodiment. Here, ethylene propylene diene rubber was used as the base
material. Fig. 1(a) shows a measurement result of the burned material of soybean hulls. Fig. 1(b) shows a measurement
result of the burned material of a mixture of raw soybean hulls (=soybean hulls before burned) and a liquid resol-type
phenolic resin at the ratio of 75 [wt.%] to 25 [wt.%].
[0030] Mixing a resol-type phenolic resin with raw soybean hulls allows improving the strength and carbon content of
the burned material of soybean hulls. However, please note that said mixing itself is not essential for producing the
electrically conductive composition of this embodiment.
[0031] In Fig. 1(a) and Fig. 1(b), the lateral axis and vertical axis indicate frequency [MHz] and electromagnetic
shielding effectiveness [dB] respectively. In addition, for both of the measuring objects of the measurement results shown
in Fig. 1(a) and Fig. 1(b), the median diameter of the burned material of soybean hulls was set to approx. 60 mm, and
the burning temperature for soybean hulls was set to approx. 900 [˚C], and the thickness of the electrically conductive
composition was set to approx. 2.5 [mm].
[0032] These electromagnetic shielding characteristics were obtained by using Shield Material Evaluator (TR17301A
manufactured by Advantest Corporation) and Spectrum Analyzer (TR4172 manufactured by Advantest Corporation) at
Yamagata Research Institute of Technology, Okitama Branch on 5 July 2007.
[0033] As seen in Fig. 1, it is found that the electromagnetic shielding effectiveness has been improved as the content
ratio of the burned material of soybean hulls in the electrically conductive composition increases. There are some points
that are worth noting, and the first point is that, according to this embodiment, the content ratio of the burned material
of soybean hulls against the base material can be adjusted freely. Furthermore, it is particularly worth noting that the
content ratio against the base material can be increased generally for the burned plant material including soybean hulls.
As shown in Fig. 1, the electrically conductive composition of this embodiment has a characteristic of improving the
electromagnetic shielding effectiveness as increasing the content ratio of the burned material of soybean hulls.
[0034] Here, instead of the burned material of soybean hulls, when carbon black was used as the containing object
to ethylene propylene diene rubber, it was found that the flexibility of the electrically conductive composition was reduced
by containing as much as 100 [phr] of carbon black against ethylene propylene diene rubber.
[0035] And, I would not say that it is impossible to contain as much as 400 [phr] of carbon black against the rubber,
but it will essentially be very difficult to achieve that. In contrast to this, in the case of the electrically conductive composition
of this embodiment, as much as approx. 400 [phr] of the burned material of soybean hulls can be contained against the
rubber.
[0036] The second point is that the electrically conductive composition of this embodiment can advantageously improve
the electromagnetic shielding effectiveness significantly as a result of the increased content ratio of the burned material
of soybean hulls against the base material. From a different view point, the electrically conductive composition of this
embodiment is advantageously easy to control its electromagnetic shielding effectiveness by adjusting the content ratio
of the burned material of soybean hulls against the base material.
[0037] As shown in Fig. 1, an excellent electromagnetic shielding effectiveness is particularly observed in the frequency
band of around 50 [MHz]. Specifically, when the content ratio of the burned material of soybean hulls is approx. 400
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[phr] against rubber, the electromagnetic shielding member maintains 20 [dB] or above up to the frequency band of 500
[MHz] with a maximum value of over 40 [dB].
[0038] This value is a tremendous value considering that most of the generally available electromagnetic shielding
materials in the market have an electromagnetic shielding effectiveness within the range of 5 [dB] to 25 [dB]. Similarly,
even if the content ratio of the burned material of soybean hulls is approx. 300 [phr], an electromagnetic shielding
effectiveness of 20 [dB] or above has been maintained in the frequency band of 300 [MHz] and below.
[0039] Fig. 24 shows a chart indicating the measurement results of the electromagnetic shielding characteristics shown
in Fig. 1 with an expanded measurement range. In Fig. 24, the lateral axis and vertical axis indicate frequency [MHz]
and electromagnetic shielding effectiveness [dB] respectively. The measurement range of Fig. 1 is a frequency band of
up to 500 [MHz], while the measurement range of Fig. 24 is a frequency band of up to 1000 [MHz]. As the measuring
object, raw soybeans were burned without containing a resol-type phenolic resin.
[0040] First, paying attention to the frequency band of up to 500 [MHz], it is found that a measurement result with an
electromagnetic shielding effectiveness similar to the chart in Fig. 1 has been obtained. In contrast, paying attention to
the frequency band from 500 [MHz] to 1000 [MHz], the electromagnetic shielding effectiveness decreases for all meas-
uring objects up to 600 [MHz].
[0041] However, the electromagnetic shielding effectiveness increases for most of the measuring objects up to the
frequency band of around 800 [MHz]. Then the electromagnetic shielding effectiveness decreases again from approx.
900 [MHz] to approx. 1000 [MHz].
[0042] Fig. 25(a) - Fig. 25(d) show a chart indicating the measurement results of the electromagnetic shielding char-
acteristics of the burned materials of rapeseed meal, sesame meal, cotton seed meal and cotton hulls. In Fig. 25(a) -
Fig. 25(d), the lateral axis and vertical axis indicate frequency [MHz] and electromagnetic shielding effectiveness [dB]
respectively. Fig. 25(a), Fig. 25(b), Fig. 25(c) and Fig. 25(d) indicate the measurement result of the electromagnetic
shielding characteristics of rapeseed meal, sesame meal, cotton seed meal and cotton hulls respectively.
[0043] Rapeseed meal, sesame meal, cotton seed meal and cotton hulls were burned at a burning temperature of
900 [˚C] and the obtained burned materials were ground and sieved with a 106 mm by 106 mm mesh, and thus the
median diameters were respectively approx. 48 mm, approx. 61 mm, approx. 36 mm and approx. 34 mm. Therefore,
hereinafter, when the burning temperature of rapeseed meal etc. is clearly specified as 900 [˚C], it means that the burned
material of rapeseeds etc. has a median diameter of approx. 48 mm, etc.
[0044] First, as comparing Fig. 25(a) - Fig. 25(d) and Fig. 24 with each other, a similar tendency is found between the
electromagnetic shielding characteristics of those. Specifically, all charts show a tendency of improving its electromag-
netic shielding effectiveness up to approx. 500 [MHz] as the content of burned material against rubber increases.
[0045] In addition, when the content of burned plant material is 400 [phr], it is found that the electromagnetic shielding
effectiveness exceeds 30 [dB] as the maximum value in all charts. Furthermore, it is also found that the electromagnetic
shielding effectiveness shows a small peak in the frequency band of 700 [MHz] - 1000 [MHz].
[0046] Fig. 26(a) - Fig. 26(c) show a chart indicating the measurement results of the electromagnetic shielding char-
acteristics when the production conditions etc. for the burned material of soybean hulls have been changed. In Fig. 26
(a) - Fig. 26(c), the lateral axis and vertical axis indicate frequency [MHz] and electromagnetic shielding effectiveness
[dB] respectively.
[0047] Fig. 26(a) shows a chart in which the burning temperature stayed at 900 [˚C] and then the burned material of
soybean hulls was pulverized, while Fig. 26(b) shows a chart in which the burning temperature for soybean hulls was
set to 1500 [˚C] (to be exact, the material was once burned at 900 [˚C], and then burned again at 1500 [˚C]. Otherwise
the same) and was not pulverized, and while Fig. 26 (c) shows a chart in which the burning temperature for soybean
hulls was set to 3000 [˚C] (to be exact, the material was once burned at 900 [˚C], and then burned again at 3000 [˚C].
Otherwise the same) and was not pulverized.
[0048] As shown in Fig. 26(a), when the burned material of soybean hulls was pulverized, the electromagnetic shielding
effectiveness generally tends to be reduced in comparison with those not pulverized regardless of the content of burned
material against rubber. As seen in detail, when the content of burned plant material against rubber was 400 [phr], it
was found that the electromagnetic shielding effectiveness only reaches about 25 [dB] as the maximum value. In contrast,
those burned at 900 ˚C and not pulverized as shown in Fig. 1 exceeds 40 [dB]. Therefore, you could say that the
electromagnetic shielding effectiveness improves as the grain size of burned material increases.
[0049] As shown in Fig. 26(b), when the burning temperature for soybean hulls was set to 1500 [˚C], it was confirmed
that the electromagnetic shielding effectiveness is similar to the case of setting the burning temperature for soybean
hulls shown in Fig. 24 to 900 [˚C]. In other words, even if the burning temperature for soybean hulls was set to 1500
[˚C], no significant improvement was observed in the electromagnetic shielding effectiveness.
[0050] As shown in Fig. 26(c), when the burning temperature for soybean hulls was set to 3000 [˚C], it was confirmed
that setting the content of the burned material of soybean hulls against rubber to 400 [phr] allows to obtain a stable
electromagnetic shielding effectiveness. That means, the electromagnetic shielding effectiveness was significantly re-
duced from approx. 150 [MHz] towards approx. 600 [MHz] in the chart of Fig. 24, while only a gentle reduction (may be
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seen as almost level) was confirmed in the chart of Fig. 26. As more easily seen in comparison with the chart in Fig. 26
(b), it was confirmed that the electromagnetic shielding effectiveness improves when the content of the burned material
is set to 150 [phr] against rubber.
[0051] Furthermore, according to Fig. 26(c), it is worth noting that an electromagnetic shielding effectiveness of over
approx. 25 [dB] is obtained in a wide frequency band up to 1000 [MHz]. As described above, the electromagnetic shielding
effectiveness of existing general products mostly falls in the range of 5 [dB] - 25 [dB]. However, existing products can
achieve the electromagnetic shielding effectiveness of 25 [dB] only in a limited frequency band, and none of those can
achieve it in a wide frequency band up to 1000 [MHz]. Thus, the electrically conductive composition of this embodiment
performs a significant effect.
[0052] Hereinafter, the electrically conductive composition of this embodiment is described in further detail.
[0053] Fig. 2 shows a schematic production process diagram of the electrically conductive composition of this em-
bodiment. First, raw soybean hulls caused by producing a food oil etc. are set in a carbonization apparatus, and are
then heated at the rate of approx. 2 [˚C] per minute in a nitrogen gas atmosphere to reach a prescribed temperature
such as 700 [˚C] - 1500 [˚C] (for example, 900 [˚C]). Then the carbonization process is provided for about 3 hours at
the attained temperature.
[0054] Next, the burned soybean hulls are ground and sieved to obtain a burned material of soybean hulls with a
median diameter of, for example, approx. 4 mm to approx. 80 mm (for example, 60 mm). Subsequently, the burned
material of soybean hulls and ethylene propylene diene rubber are set in a kneading machine together with various
additives and are then given a kneading process. Then, the kneaded material is given a molding process, and is then
given a vulcanization process. In this way, the production of electrically conductive composition completes.
[0055] Here, the electromagnetic shielding member of this embodiment can be formed by using a metal mold with a
required shaped etc. Therefore, even if an electronic substrate mounted on an electronic appliance requires an electro-
magnetic shielding member and does not have a planer shape, an electromagnetic shielding member corresponding to
the shape of the electronic substrate can be produced.
[0056] However, the electromagnetic shielding member of this embodiment also has a degree of freedom to process
cutting and vending, etc. This point is also advantageous in the production of electromagnetic shielding members.
[0057] Today, due to space-saving inside the case of electronic appliance accompanied by the downsizing of electronic
appliances in late years, there are problems such as a difficulty in using a platy electromagnetic shielding member, or
necessity for a layout of electronic appliance considering the space allocation for a platy electromagnetic shielding
member. Since the electromagnetic shielding member of this embodiment can be formed into a shape corresponding
to the shape of the space inside electronic appliance, it also causes a secondary effect of not requiring a product layout
etc. considering the space allocation for a platy electromagnetic shielding member.
[0058] The electrically conductive composition of this embodiment can be preferably used for electronic appliance,
inspection apparatus for electronic appliance and building material, etc. That means, the electrically conductive com-
position of this embodiment can be provided for a communication terminal body such as a mobile phone and PDA
(Personal Digital Assistant), etc., or can be mounted on an electronic substrate built in a communication terminal body,
or can be provided for a so-called shield box, or can be provided for roof material, floor material or wall material, etc.,
or can be used for a part of work shoes and work clothes as an anti-static material due to its conductivity.
[0059] As a result of this, there are advantageous effects of making it possible to eliminate a cause for concern about
adverse impact on human body from the electromagnetic waves generated from mobile phones etc. or power cables
etc. around houses, to provide a light-weight shield box, and to provide work shoes etc. having anti-static capability.
[0060] More specifically, as shown in Fig. 13, the electrically conductive composition of this embodiment can obtain
excellent electromagnetic wave absorption characteristics, for example, in a frequency band of around 50 [MHz] - 300
[MHz] by accordingly adjusting the production conditions.
[0061] In addition, as shown in Fig. 1, the electrically conductive composition of this embodiment can achieve an
electromagnetic shielding effectiveness of over 20 [dB] in a frequency band of 500 [MHz] and below by accordingly
adjusting the production conditions. Thus, there is an advantageous effect of making it possible to provide a shield box
useful in the frequency band of 500 [MHz] and below.
[0062] Next, the following measurements etc. have been carried out for "raw soybean hulls", "burned material of
soybean hulls", and "electrically conductive composition".
[0063]

(1) Component analysis of the "raw soybean hulls" and "burned material of soybean hulls",
(2) Tissue observation of the "raw soybean hulls" and "burned material of soybean hulls",
(3) Conductivity test for the "burned material of soybean hulls",
(4) Regarding the "electrically conductive composition", measurement of the surface resistivity by different burning
temperatures or median diameters for the electrically conductive composition of the test object.
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[0064] Fig. 3(a) shows a chart indicating the result of the component analysis based on the ZAF quantitative analysis
method for soybean hulls, rapeseed meal, sesame meal, and cotton seed meal, and cotton hulls before burning. Fig. 3
(b) shows a chart indicating the result of the component analysis based on the ZAF quantitative analysis method for
soybean hulls etc. shown in Fig. 3(a) after burning. Although the production conditions for the burned material of soybean
hulls etc. are as shown in Fig. 2, the "prescribed temperature" and "median diameter" were respectively set to 900 [˚C]
and approx. 30 mm - approx. 60 mm. Since it has been said that the ZAF quantitative analysis method is quantitatively
less reliable regarding C, H and N elements in comparison with the organic element analysis method, an analysis based
on the organic element analysis method was also performed separately in order to perform a highly reliable analysis
regarding C, H and N elements. The details of this point are described later.
[0065] The soybean hulls before burning shown in Fig. 3(a) are composed of the carbon (C) component and oxygen
(O) component roughly half-and-half, respectively at 51.68% and 45.98%. Inorganic components etc. account for the
rest of 2.35%.
[0066] Similar to the soybean hulls before burning, the rapeseed meal etc. before burning are composed of the carbon
(C) component and oxygen (O) component roughly half-and-half. As seen in detail, it has been found that "C" shown in
Fig. 3(a) accounts for 50% - 60% for all plants. It has also been found that these five kinds of plants are rich in "O"
second only to "C".
[0067] In addition, as shown in Fig. 3(b), the soybean hulls after burning had its carbon (C) component increased by
a factor of nearly 1.5 from those before burning. Specifically, it became 61.73% in the soybean hulls after burning.
[0068] In addition, the oxygen (O) component in the soybean hulls after burning was decreased to nearly half by
burning. Although others have been variously changed (ranging from that reduced to half to that increased by a factor
of 5), any of the changes were within several % of the total. It has also been read that the rapeseed meal etc. after
burning somewhat tends to increase the carbon (C) component and to reduce the oxygen (O) component just like the
soybean hulls after burning. Regarding the measurement target elements, none of them showed a distinctive change
in quantity except for "C" and "O" for all plants, just like the case of soybean hulls.
[0069] Regarding soybean hulls, when the burning temperature was set to 1500 [˚C], "C" was increased to 75.25%,
"H" was decreased to 0.51%, and "N" was decreased to 0.96%. Furthermore, regarding soybean hulls, when the burning
temperature was set to 3000 [˚C], "C" was increased to 99.92%, "H" was decreased to 0.00%, and "N" was decreased
to 0.03%.
[0070] However, the results of the component analysis shown in Fig. 3 are from those produced in the procedure and
conditions shown in Fig. 2, and thus it should be noted that the carbon content etc. also varies depending on the burning
temperature for soybean hulls etc. as shown in the above example. The details of this point are described later.
[0071] Fig. 28(a) shows a chart indicating the result of the component analysis based on the organic element analysis
method corresponding to Fig. 3(a). Fig. 28(b) shows a chart indicating the result of the component analysis based on
the organic element analysis method corresponding to Fig. 3(b).
[0072] As seen in Fig. 28(a) and Fig. 28(b), the ratios of organic elements included in five kinds of plants can generally
be evaluated as similar to each other. This is considered to be attributable to the fact that soybean hulls and rapeseed
meal etc. are no more than plants. However, since rapeseed meal, sesame meal and cotton seed meal have the common
feature of being oil meal, it is perceived that those charts are similar to each other. Specifically, it is perceived that "N"
is relatively high while the increase rate in "C" before and after burning is relatively low.
[0073] In contrast, since soybean hulls and cotton hulls have the common feature of being hulls, it is perceived that
those charts are similar to each other. Specifically, it is perceived that "N" is relatively low while the increase rate in "C"
before and after burning is relatively high. In addition, in terms of "C", cotton hulls are the highest (approx. 83%), while
sesame meal is the lowest (approx. 63%).
[0074] As individually seen, according to the component analysis based on the organic trace element analysis method,
the soybean hulls before burning had the carbon (C) component, hydrogen (H) component and nitrogen (N) component
of respectively 39.98%, 6.11% and 1.50%. Thus, it has been found that the soybean hulls before burning are essentially
rich in the carbon component. In addition, it is seen in Fig. 28(a) that other plants such as rapeseed meal etc. are also
essentially rich in the carbon component before burning.
[0075] In contrast, according to the component analysis based on the organic trace element analysis method, the
soybean hulls after burning had the carbon (C) component, hydrogen (H) component and nitrogen (N) component of
respectively 73.57%, 0.70% and 1.55%. Thus, it has been found that the carbon component has been increased by
burning. In addition, it is seen in Fig. 28(b) that other plants such as rapeseed meal etc. also have increased the carbon
component by burning.
[0076] Mainly regarding rice bran and rice hulls explained in the after-mentioned Embodiment 2, the component
analysis was carried out for those before and after burning. In comparison with soybean hulls, rice bran contains K, Ca
and P as an inorganic component, while rice hulls contain Si as an inorganic component.
[0077] Fig. 4 shows Scanning Electron Microscope (SEM) pictures indicating the result of the tissue observation of
"raw soybean hull". Fig. 4(a) - Fig. 4(c) respectively show a picture of the outer skin of a "raw soybean hull" taken at a
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magnification of 1000, a picture of the inner skin taken at a magnification of 1000, and a picture of the cross-section
taken at a magnification of 500. The cross-section refers to an approximately orthogonal cross-section near the boundary
face between the outer skin and the inner skin.
[0078] The outer skin of the raw soybean hull shown in Fig. 4(a) functions to somehow block the moisture between
the outside and the inner skin. As far as this picture of the outer skin is seen, depressions and projections seem to be
scattered around the surface in the overall shape.
[0079] The inner skin of the raw soybean hull shown in Fig. 4(b) has a net-like structure. As long as this picture of the
inner skin is seen, a gentle undulation with less elevation differences is seen in the overall shape.
[0080] As far as this picture of the cross-section is seen, the cross-section of the raw soybean hull shown in Fig. 4(c)
seems to have a plurality of columnar structures wherein one end is attached to the outer skin and the other end is
attached to the inner skin.
[0081] Fig. 5 shows SEM pictures indicating the result of the tissue observation of the "burned material of soybean
hull". Fig. 5(a) - Fig. 5(c) respectively show a picture of the outer skin of the "burned material of soybean hull" taken at
a magnification of 1000, a picture of the inner skin taken at a magnification of 1000, and a picture of the cross-section
taken at a magnification of 500. Here, this soybean hull was burned at a burning temperature of 900 [˚C].
[0082] As in the overall shape, the outer skin of the burned material of soybean hull shown in Fig. 5(a) seems to have
no depressions and projections, which have been seen in the "raw soybean hull". However, the outer skin of the "burned
material of soybean hull" was rough.
[0083] Although the inner skin of the burned material of soybean hull shown in Fig. 5(b) still shows a net-like structure,
the net became finer due to the moisture loss. The inner skin of the "burned material of soybean hull" can also be
evaluated as having a squashed net-like structure.
[0084] Although the cross-section of the burned material of soybean hull shown in Fig. 5(c) still shows columnar
structures, each columnar part has been narrowed with a reduced height, and the gaps have been significantly decreased.
The columnar parts also seem to be squashed and changed into a fiber-like form.
[0085]

Fig. 29 shows SEM pictures of the "burned material of soybean hull". Fig. 29(a) - Fig. 29(c) show an SEM picture
of the "burned material of soybean hulls" that was burned at a burning temperature of 900 [˚C], 1500 [˚C] and 3000
[˚C] respectively, while Fig. 29(d) shows a SEM picture of the "burned material of soybean hulls" that was burned
at a burning temperature of 900 [˚C] and was then pulverized. All of SEM pictures were taken at a magnification of
1500.

[0086] As shown in Fig. 29(a) - Fig. 29 (c), all of these pictures indicate a columnar structure, that is, porous structure,
in the "burned material of soybean hull". However, as an impression, each columnar part seems to be thinner and shrunk
as the burning temperature increases. This is considered to be attributable to the fact that the carbonization progresses
as the burning temperature increases.
[0087] As shown in Fig. 29(d), the pulverized burned material of soybean hulls mostly has a particle size of approx.
10mm or below. This corresponds to the condition that the median diameter of the pulverized burned material of soybean
hulls becomes approx. 1/10 of the median diameter before pulverization. Specifically, the burned material shown in Fig.
29(d) had a median diameter of approx. 6.9 mm.
[0088] Fig. 27 shows a chart of the pore size distribution curve in the gas adsorption process for the burned material
of soybean hulls burned at a temperature of 900 [˚C]. The lateral axis and vertical axis of Fig. 27 respectively represent
the pore radius (Å) and the differential volume ((mL/g)/Å). The median diameter of the burned material of soybean hulls
was approx. 34 mm.
[0089] It should be noted that the burned material of soybean hulls at least shows a sole sharp peak in the differential
volume at a specific pore radius that is rarely seen in the burned materials of other plants in consideration of the verification
results for the burned material of soybean hulls that was burned at a temperature of 1500 [˚C] or 3000 [˚C] as described
below.
[0090] Normally, the burned materials of other plants rarely show a single sharp peak at a specific pore radius in the
differential volume, and rather the chart of the pore size distribution curve results in broad, or several peaks appear in
the chart of the pore size distribution curve.
[0091] The pore size of the burned material of soybean hulls burned at a temperature of 900 [˚C] as shown Fig. 27
shows a sharp peak in the differential volume at a pore radius of approx. 4.42 Å. See the chart in Fig. 27 for the detailed
measurement results about other pore radiuses and differential volumes. In addition, the burned material of soybean
hull still has a porous structure with a large specific surface area even after the graphitization process.
[0092] Fig. 41 shows a chart of the pore size distribution curve in the gas adsorption process for the burned material
of soybean hulls burned at a temperature of 1500 [˚C]. The lateral axis and vertical axis of Fig. 41 respectively represent
the pore radius (Å) and the differential volume ((mL/g)/Å). The median diameter of the burned material of soybean hulls
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was approx. 27 mm.
[0093] Here, the differential volume also shows a peak at a specific pore radius.
The pore size of the burned material of soybean hulls burned at a temperature of 1500 [˚C] showed a less sharp peak
in the differential volume at a pore radius of approx. 8.29 Å, but the peak was still somewhat sharp. However, the pore
distribution has become wider in the range of about 30 Å. See the chart in Fig. 41 for the detailed measurement results.
[0094] Fig. 42 shows a chart of the pore size distribution curve in the gas desorption process for the burned material
of soybean hulls burned at a temperature of 3000 [˚C]. The lateral axis and vertical axis of Fig. 42 respectively represent
the pore radius (Å) and the differential volume ((mLlg)/Å). The median diameter of the burned material of soybean hulls
was approx. 24 mm. Here, the differential volume also shows a sharp peak at a specific pore radius. In the case of gas
adsorption process, it was found that the pore size of the burned material of soybean hulls burned at a temperature of
3000 [˚C] showed a sharp peak in the differential volume at a pore radius of approx. 4.41 Å. However, in the case of
gas adsorption process, a broad small peak was found at a pore radius of around 14.3Å. See the chart in Fig. 42 for
the detailed measurement results.
[0095] Fig. 43 shows a chart of the pore size distribution curve in the gas adsorption process for the burned material
of soybean hulls burned at a temperature of 3000 [˚C]. Here, the differential volume also shows a sharp peak at a specific
pore radius. In the case of gas desorption process, it was found that the pore size of the burned material of soybean
hulls burned at a temperature of 3000 [˚C] showed a sharp peak in the differential volume at a pore radius of approx.
21.1 Å. See the chart in Fig. 43 for the detailed measurement results.
[0096] As described above, it is found that the burned material of soybean hulls has a very rare characteristic of
showing a peak in the differential volume at a specific pore radius regardless of the burning temperature.
[0097] Fig. 30(a) and Fig. 30(b) show a SEM picture of the "burned material of soybean hulls" according to Fig 29(a)
at a magnification of 20,000 and 50,000 respectively. Fig. 30(c) and Fig. 30(d) show a SEM picture of the "burned
material of soybean hulls" according to Fig 29(b) at a magnification of 20,000 and 50,000 respectively. Fig. 30(e) and
Fig. 30(f) show a SEM picture of the "burned material of soybean hulls" according to Fig 29(c) at a magnification of
20,000 and 50,000 respectively.
[0098] Interestingly, the burned material of soybean hulls has granular substances attached to the surface. Further-
more, these substances increase the number and the size as the burning temperature for the burned material of soybean
hulls increases. It could not be specified that whether these substances were something like crystal growth, or something
like carbon nanotubes, or otherwise neither of these, and this kind of phenomenon has not been confirmed in any other
plants.
[0099] In addition, as seen in Fig. 30(a) - Fig. 30(f), the burned material of soybean hulls clearly shows a porous
structure. When the crystallite size of the burned material of soybean hulls was measured by X-ray diffraction, it was
found that the one in Fig. 29(a) had approx. 1 nm - approx. 3 nm, and the one in Fig. 29(b) and Fig. 29(c) had approx. 20 nm.
[0100] Fig. 6 shows charts indicating the test results of the conductivity test regarding the "burned material of soybean
hulls". The lateral axis and vertical axis of Fig. 6 respectively represent the pressure [MPa] applied to the burned material
of soybean hulls and the specific volume resistivity [Ω·cm]. As comparative examples, the impregnation rate of phenol
resin to raw soybean hulls was set to 0 [wt.%], 25 [wt.%], 30[wt.%] and 40[wt.%], and the burned materials of respective
soybean hulls were used as test objects. Fig. 6(b) shows a test result of rice hulls burned material as another embodiment,
along with the conductivity test for the burned material of soybean hulls. The conductivity test was carried out in compliance
with JIS-K7194. The production conditions for both "burned material of soybean hulls" and burned material of rice hulls
in Fig. 6(a) and Fig. 6(b) were set as a burning temperature of 900 [˚C] and a median diameter of 60 mm.
[0101] The method employed was that, 1 g of the powdered "burned material of soybean hulls" as a measuring object
was put in a cylindrical container with an inner diameter of approx. 25Φ, and a cylindrical brass with a diameter of approx
25Φ was aligned to the opening part of the above container, and then a press machine (MP-SC manufactured by Toyo
Seiki Seisaku-Sho, Ltd.) was used to apply pressure to the burned material of soybean hulls by pressing via the brass
from 0 [MPa] to 4 [MPa] or 5 [MPa] with an increment of 0.5 [MPa] so that the specific volume resistivity was measured
by bringing the side part and bottom part of the brass into contact with a probe of a low resistivity meter (Loresta-GP
MCP-T600 manufactured by DIA Instruments Co. Ltd.) while the burned material of soybean hulls was pressured.
[0102] When a cylindrical container with approx. 10Φ was used instead of the cylindrical container with approx. 25Φ,
and a cylindrical brass with a diameter of approx. 10Φ was used instead of the cylindrical container with a diameter of
approx. 25Φ, and when the rest of the conditions were the same as above, an equivalent test result was obtained by
the conductivity test.
[0103] According to the test result shown in Fig. 6(a), it is found that the burned material of soybean hulls reduces its
specific volume resistivity (that is, increasing the conductivity) as the pressure increases, regardless of high or low of
the impregnation rate of phenol resin to raw soybean hulls.
[0104] Furthermore, according to the test result of Fig. 6(a), the conductivity of the burned material of soybean hulls
is not much affected by the impregnation rate of phenol resin. Furthermore, when the burned material of soybean hulls
is under no pressure (0 [MPa]), its specific volume resistivity is approx. 101.0 [Ω·cm], while it is under a pressure of 0.5
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[MPa], its specific volume resistivity is approx. 10-0.4 [Ω·cm], and subsequently even if it is under a pressure of up to 4.0
[MPa], its specific volume resistivity stays at approx. 10-1.0 [Ω·cm]. Therefore, the burned material of soybean hulls can
be evaluated as reducing the specific volume resistivity provided that a certain pressure is applied, however it is not
showing enough reduction to say significant in the specific volume resistivity by the further pressure increase.
[0105] According to Fig. 6(b), it is found that the specific volume resistivity of the burned material of soybean hulls is
lower than that of the burned material of rice hulls both under no pressure and under pressure, while the burned material
of soybean hulls is lower in conductivity. The conductivity of the burned material of soybean hulls shown in Fig. 6(b) is
about the same as that of carbon black.
[0106] In fact, although there is exactly three times difference, for example, between the specific volume resistivity of
1.0x10-1 [Ω·cm] and the specific volume resistivity of 3.0x10-1 [Ω·cm], such a degree of exactness is not required in the
measurement results of the specific volume resistivity as it is clearly known by those skilled in the art. Thus, since the
specific volume resistivity of 1.0x10-1 [Ω·cm] and the specific volume resistivity 3.0x10-1 [Ω·cm] both are on the same
order of "10-1", those can be evaluated as equivalent to each other.
[0107] In addition, in view of the evaluation of Fig. 6, since there is a possibility that phenol resin does not effectively
impregnate into soybean hulls, there is room to improve the conductivity of the burned material of soybean hulls by
applying a pre-processing such as provisional burning for soybean hulls or pulverizing prior to phenol resin impregnation
for raw soybean hulls etc. so as to facilitate the permeation of phenol resin into soybean hulls.
[0108] As a summary of the above, it is found that the burned plant material of this embodiment has a characteristic
of increasing its conductivity by applying a pressure of, for example, 0.5 [MPa] or above.
[0109] Fig. 31 shows a chart indicating the test results of the conductivity test regarding the burned materials of cotton
hulls, sesame meal, rapeseed meal and cotton seed meal. The lateral axis of Fig. 31 represents the pressure [MPa]
applied to the burned materials of cotton hulls etc. burned at a burning temperature of 900 [˚C], and the vertical axis
represents the specific volume resistivity [Ω·cm]. Here, this conductivity test was performed by the same method as the
case explained for Fig. 6.
[0110] As clearly seen in comparison with Fig. 6(b), it is found that the conductivity regarding cotton hulls, sesame
meal, rapeseed meal and cotton seed meal has a specific volume resistivity approximately equivalent to that of the
burned material of soybean hulls.
[0111] Specifically, the specific volume resistivity of cotton hulls was 3.74x10-2 [Ω·cm], and the specific volume resis-
tivity of sesame meal was 4.17x10-2 [Ω·cm], and the specific volume resistivity of rapeseed meal was 4.49x10-2 [Ω·cm],
and the specific volume resistivity of cotton seed meal was 3.35x10-2 [Ω·cm]
[0112] Fig. 32 shows a chart indicating the test results of the conductivity test regarding the burned material of soybean
hulls, wherein the burning furnace and burning temperature were changed. The lateral axis and vertical axis of Fig. 32
respectively represent the pressure [MPa] applied to the burned material of soybean hulls and the specific volume
resistivity [Ω·cm]. The one under the conditions corresponding to those shown in Fig. 6 is indicated by a chart plotted
with h.
[0113] First, as comparing the case that a holding furnace was chosen as the burning furnace and the burning
temperature stayed at 900 [˚C] (plotted with ∇) with the case that a rotary kiln was chosen as the burning furnace and
the burning temperature stayed at 900 [˚C] (plotted with D), there is not much difference in specific volume resistivity
between those. Specifically, the specific volume resistivity of the chart plotted with ∇ is 4.68x10-2 [Ω·cm], while the
specific volume resistivity of the chart plotted with D is 9.60x10-2 [Ω·cm], and therefore, both are in common with being
on the order of "10-2". Thus, it can be said that the selection of the burning furnace for soybean hulls is most unlikely to
affect the specific volume resistivity.
[0114] In contrast, when a rotary kiln was chosen as the burning furnace and the burning temperature was lowered
to 700 [˚C] (plotted with n), the specific volume resistivity was increased in comparison with the case of setting the
burning temperature to 900 [˚C] in a holding furnace (plotted with ∇). Thus, it can be said that the burning temperature
for soybean hulls affects the specific volume resistivity.
[0115] Hence, the specific volume resistivity was measured further at different burning temperatures for soybean hulls.
In addition, the specific volume resistivity was also measured for a pulverized burned material of soybean hulls.
[0116] Fig. 33 shows a chart indicating the test results of the conductivity test regarding the burned material of soybean
hulls, wherein the burning temperature etc. was changed. The lateral axis and vertical axis of Fig. 33 respectively
represent the pressure [MPa] applied to the burned material of soybean hulls and the specific volume resistivity [Ω·cm].
[0117] Fig. 33 shows charts respectively in the case that the burning temperature was set to 1100 [˚C] (plotted with
n), in the case that the burning temperature was set to 1500 [˚C] (plotted with ∇), in the case that the burning temperature
was set to 3000 [˚C] (solid line, plotted with D), in the case that the burning temperature was set to 1500 [˚C] and the
burned material was pulverized (plotted with O), in the case that the burning temperature was set to 3000 [˚C] and the
burned material was pulverized (plotted with e), and in the case that the burning temperature stayed at 900 [˚C] and
the burned material was pulverized (dotted line, plotted with h).
[0118] As clearly seen in Fig. 33, the one in the case that the burning temperature stayed at 900 [˚C] and the burned
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material was pulverized (dotted line, plotted with D) shows the highest specific volume resistivity among these. As
comparing this specific volume resistivity with the chart in Fig. 6, it is found that the pulverized burned material has a
slightly higher specific volume resistivity.
[0119] The chart with the second highest specific volume resistivity is from the case that the burning temperature was
set to 1500 [˚C] and the burned material was pulverized (plotted with O). The reason for the high specific volume resistivity
can be evaluated to be attributable to the relatively lower burning temperature. In addition, as comparing the case that
the burning temperature was set to 1500 [˚C] and the burned material was pulverized (plotted with O) with the case that
the burning temperature was set to 1500 [˚C] (plotted with ∇), the pulverized burned material has a higher specific
volume resistivity.
[0120] As described above, the same tendency is observed in the burned material at a burning temperature of 900
[˚C], and is also observed in the burned material at a burning temperature of 3000 [˚C] as explained below. Therefore,
it can be said that the burned material of soybean hulls increases its specific volume resistivity when pulverized.
[0121] In addition, paying attention to the burning temperature, the burned material of soybean hulls by a burning
temperature of 1500 [˚C] (plotted with ∇) has a specific volume resistivity lower than that of the one by a burning
temperature of 1100 [˚C] (plotted with n), and further the one by a burning temperature of 3000 [˚C] (dotted line, plotted
with D) has an even lower specific volume resistivity, and thus it can be said that the specific volume resistivity decreases
as the burning temperature increases. This relationship between burning temperature and specific volume resistivity
also fits to the case of pulverizing the burned materials.
[0122] Next, when measuring the specific volume resistivity of the burned material of soybean hulls, some parameters
were changed. The pressure condition was the same at 0.5 [MPa].
[0123] (2) Change in the median diameter of the burned material of soybean hulls The median diameter of the burned
material of soybean hulls was changed to approx. 15 mm and to approx. 30 mm by the previously-mentioned sieving
followed by grinding etc. However, those values of the specific volume resistivity are both around approx. 10-1.0 [Ω·cm]
showing no significant difference.
[0124] In contrast, when the median diameter of the burned material of soybean hulls was changed to approx. 4 mm
and to approx. 8 mm by the previously-mentioned sieving followed by grinding etc., the specific volume resistivity slightly
increased to around approx. 10-0.7-0.8 [Ω·cm]. In the case of these values, it is speculated that it is due to almost no
columnar or net-like structure in the cell layer that is unique to soybean hulls in spite of the change in the median diameter
of the burned material of soybean hulls.
[0125] (3) Change in the burning temperature for soybean hulls When the burning temperature for soybean hulls was
changed, an interesting measurement result was obtained. More specifically, the burning temperature for soybean hulls
was changed to approx. 500 [˚C], approx. 700 [˚C], approx. 1100 [˚C] and approx. 1500 [˚C]. The measuring object was
prepared at a phenol resin impregnation rate of 25 [wt. %] for raw soybean hulls and under the pressure condition of 5
[MPa] for the burned material of soybean hulls.
[0126] Fig. 7 shows a chart indicating the relationship between the burning temperature for soybean hulls and the
specific volume resistivity. The lateral axis and vertical axis of Fig. 7 respectively represent the burning temperature [˚C]
for soybean hulls and the specific volume resistivity [Ω·cm]. According to Fig. 7, as the burning temperature for soybean
hulls increases, the specific volume resistivity drastically decreases. It is highly likely that this is attributable to the
improved carbon content in the burned material of soybean hulls.
[0127] In contrast, when the burning temperature for soybean hulls becomes approx. 1100 [˚C] or above, it is found
that there is not much change in the specific volume resistivity. It can be considered that this is due to almost no change
in the carbon content and other component contents in the burned material of soybean hulls.
[0128] In particular, a larger change is seen where the burning temperature for soybean hulls is between approx. 500
[˚C] and approx. 700 [˚C]. It can be considered that this is due to a large change in the carbon content in the burned
material of soybean hulls. When the burning temperature for soybean hulls was approx. 1500 [˚C], the specific volume
resistivity was as very small as approx. 10-1.5 [Ω·cm].
[0129] As a summary of the above, it is found that the electrically conductive composition of this embodiment has a
characteristic of increasing its conductivity when the burning temperature for soybean hulls is, for example, 700 [˚C] or
above.
[0130] (4) Other changes In addition to changing either the median diameter of the burned material of soybean hulls
or the burning temperature for soybean hulls, the content ratio of the burned material of soybean hulls against ethylene
propylene diene rubber was changed.
[0131] Fig. 8 shows a chart indicating the relationship between the content ratio of the burned material of soybean
hulls and the specific volume resistivity. Fig. 8(a) shows measurements at a burning temperature for soybean hulls of
600 [˚C], 900 [˚C] and 1500 [˚C] respectively. The lateral axis and vertical axis of Fig. 8(a) respectively represent the
content ratio [phr] of the burned material of soybean hulls and the specific volume resistivity [Ω·cm]. In both cases, the
median diameter of the burned material of soybean hulls was set to 60mm, and the thickness of the electrically conductive
composition was set to 2.5 [mm]. The plotted numeric in Fig 8 is an average of measurements at 9 arbitrarily chosen
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points in the electrically conductive composition.
[0132] As shown in Fig. 8(a), regardless of the burning temperature for soybean hulls, the specific volume resistivity
decreases as the content ratio of the burned material of soybean hulls increases. When the burning temperature was
relatively high such as the burning temperature for soybean hulls of 900 [˚C] and 1500 [˚C], no significant difference
was observed regardless of the content ratio of the burned material of soybean hulls. Said specific volume resistivity is
reduced as the content ratio of the burned material of soybean hulls increases, and in particular, an abrupt fall is seen
in the content ratio of the burned material of soybean hulls around approx. 100 [phr] - approx. 200 [phr].
[0133] In contrast, when the burning temperature was relatively low such as the burning temperature for soybean
hulls of 600 [˚C], the specific volume resistivity still decreased as the content ratio of the burned material of soybean
hulls increased, however said fall in the specific volume resistivity was more linear in comparison with the case of the
relatively higher burning temperature for soybean hulls. Thus, no abrupt fall was observed unlike in the case of the
burning temperature for soybean hulls of 900 [˚C] etc.
[0134] Therefore, the reason for different measurement results depending on a relatively high or low burning temper-
ature for soybean hulls is considered as follows: That is, organic components with insulation properties essentially exist
inside soybean hulls, and when the burning temperature for soybean hulls is relatively low, it is considered that those
largely remain without carbonization or pyrolysis in comparison with the case of the relatively high burning temperature
for soybean hulls.
[0135] It is considered that the reason why the case of the burning temperatures of soybean hulls of 900 [˚C] and the
case of 1500 [˚C] show almost the same measurement result is that there is no significant change in the component
constitution of soybean hulls, that is, the carbon content when the burning temperature is 900 [˚C] or above.
[0136] Fig. 44 shows a chart indicating the specific volume resistivity regarding the burned material of soybean hulls,
wherein the burning temperature etc. was changed. Fig.44 shows respective measurement results for the burned material
of soybean hulls that was burned at 900 [˚C] and was then pulverized, and the burned material of soybean hulls that
was burned at 3000 [˚C] and was not pulverized. For reference, it also includes the measurement result for the burned
material of soybean hulls that was burned at 1500 [˚C] and was not pulverized shown in Fig. 8(a).
[0137] First, in the case of the burned material of soybean hulls that was burned at 3000 [˚C], when the content ratio
of the burned material of soybean hulls is 0 [phr], the measurement result is almost the same as the case of the burned
material of soybean hulls that was burned at 900 [˚C].
[0138] However, in the case of the burned material of soybean hulls that was burned at 3000 [˚C], when the content
ratio of the burned material of soybean hulls is 150 [phr] and 400 [phr], it is confirmed that the specific volume resistivity
is about 3.0x103 [Ω·cm] and 80x10-1 [Ω·cm] respectively.
[0139] According to the measurement result shown in Fig. 44 regarding the burned material of soybean hulls that was
burned at 3000 [˚C] and the measurement result shown in Fig. 8(a), when the burning temperature exceeds a certain
temperature of 1500 [˚C] or above, it is found that a significant change is caused in the carbon content of the burned
material of soybean hulls, showing a change in the specific volume resistivity.
[0140] In addition, according the measurement result shown in Fig. 44, it can be generally said that the higher the
burning temperature becomes, the higher the conductivity becomes, and also the higher the content ratio of the burned
material of soybean hulls against rubber becomes, the more the conductivity improves.
[0141] Furthermore, according to the measurement result shown in Fig. 44, when the burned material of soybean
hulls is pulverized, the conductivity somewhat decreases. Thus, it is found that the grain size of the burned material of
soybean hulls affects the high or low of the conductivity. However, when the burned material of soybean hulls is pulverized,
it is found that the specific volume resistivity changes more gently as the content ratio of the burned material of soybean
hulls against rubber changes. This is prominently seen when the content rate of the burned material of soybean hulls
is changed from 150 [phr] to 300 [phr]. Thus, it can be said that pulverizing the burned material of soybean hulls has an
advantageous effect of making it easy to control its specific volume resistivity.
[0142] Fig. 8(b) shows measurement results of the specific volume resistivity at the median diameter of the burned
material of soybean hulls of 2mm, 10mm and 60mm respectively. The lateral axis and vertical axis of Fig. 8(b) respectively
represent the content ratio [phr] of the burned material of soybean hulls and the specific volume resistivity [Ω·cm]. In all
cases, the burning temperature for soybean hulls was set to 900 [˚C], and the thickness of the electrically conductive
composition was set to 2.5 [mm].
[0143] As shown in Fig. 8(b), it is found that the specific volume resistivity decreases as the content ratio of the burned
material of soybean hulls increases regardless of the median diameter of the burned material of soybean hulls. In
addition, it is found that the specific volume resistivity decreases as the median diameter of the burned material of
soybean hulls increases. It is considered that this is because the burned material of soybean hulls is getting harder to
form clusters inside rubber as the median diameter of the burned material decreases.
[0144] Here, the cluster is formed by the burned materials of soybean hulls linking with each other and forming a
current pathway. Therefore, when it is hard for clusters to be formed, it is hard for electrical current to flow. Corresponding
to the increased content ratio of the burned material of soybean hulls, the specific volume resistivity gently decreases,
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making it easy for electrical current to flow. In contrast, when an excess amount of clusters have been formed, the
specific volume resistivity abruptly falls even if the content ratio of the burned material of soybean hulls is low.
[0145] As a summary of the above, it is found that the electrically conductive composition of this embodiment has a
characteristic of increasing its conductivity when the median diameter of the burned material of soybean hulls is, for
example, 10 mm or above.
[0146] Fig. 34 shows a chart indicating the relationship between the content ratio of the burned material of cotton
hulls, sesame meal, rapeseed meal or cotton seed meal, and the specific volume resistivity. The lateral axis and vertical
axis of Fig. 34 respectively represent the content ratio [phr] of the burned material of cotton hulls etc. and the specific
volume resistivity [Ω·cm]. In the burned material of any plants, the burning temperature was set to 900 [˚C], and the
thickness of the electrically conductive composition was set to 2.5 [mm]. The plotted numeric in Fig 34 is an average of
measurements at 9 arbitrarily chosen points in the electrically conductive composition.
[0147] As shown in Fig. 34, each specific volume resistivity of cotton hulls, sesame meal, rapeseed meal and cotton
seed meal had a measurement result similar to each other. It can be said that these specific volume resistivities are
also similar to the specific volume resistivity of soybean hulls shown in Fig. 8(b).
[0148] Fig. 9 shows charts indicating the measurement results of the "surface resistivity" of the electrically conductive
composition of the test object. When measuring the surface resistivity, the burning temperature for soybean hulls, the
median diameter of soybean hulls, and the content ratio of the burned material of soybean hulls against rubber were
changed.
[0149] Fig. 9(a) shows a chart indicating the measurement results of the "surface resistivity" by different burning
temperatures for obtaining the electrically conductive composition of the test object. The lateral axis and vertical axis of
Fig. 9(a) respectively represent the measurement point in the electrically conductive composition and the surface resis-
tivity [Ω/sq]. Here, the electrically conductive composition was measured at 9 arbitrarily chosen points in each case of
the burning temperature for soybean hulls of 600 [˚C], 900 [˚C] and 1500 [˚C]. In all cases, the median diameter of the
burned material of soybean hulls was set to 60 mm, the content ratio of the burned material of soybean hulls against
the base material was set to 200 [phr], and the thickness of the electrically conductive composition was set to 2.5 [mm].
[0150] According to the measurement results shown in Fig. 9(a), the surface resistivity did not show a significant
difference depending on the position in the electromagnetic shielding member regardless of high or low of the burning
temperature. However, when the burning temperature is higher, the fluctuations in the surface resistivity seem to be
slightly reduced. It is considered that this is due to correction of nonuniformity in the component constitution of soybean
hulls since the carbonization of soybean hulls progresses as the burning temperature increases.
[0151] Fig. 9(b) shows a chart indicating the measurement results of the "surface resistivity" by different median
diameters of the burned material of soybean hulls regarding the electrically conductive composition of the test object.
The lateral axis and vertical axis of Fig. 9(b) respectively represent the measurement point in the electrically conductive
composition and the surface resistivity [Ω/sq]. Here, the electrically conductive composition was measured at 9 arbitrarily
chosen points in each case of the median diameter of the burned material of soybean hulls of 2 mm, 10 mm and 60 mm.
In all cases, the burning temperature for soybean hulls was set to 900 [˚C], the content ratio of the burned material of
soybean hulls against the base material was set to 200 [phr], and the thickness of the electrically conductive composition
was set to 2.5 [mm].
[0152] According to the measurement results shown in Fig. 9(b), the surface resistivity did not show a significant
difference depending on the position in the electrically conductive composition regardless of large or small of the median
diameter of the burned material of soybean hulls. However, when the median diameter of the burned material of soybean
hulls is larger, the fluctuations in the surface resistivity seem to be slightly reduced, and also the surface resistivity seems
to be reduced.
[0153] Fig. 9(c) shows a chart indicating the measurement results of the "surface resistivity" by different content ratio
of the burned material of soybean hulls against rubber. The lateral axis and vertical axis of Fig. 9(c) respectively represent
the measurement point in the electrically conductive composition and the surface resistivity [Ω/sq]. Here, the electrically
conductive composition was measured at 9 arbitrarily chosen points in each case that the content ratio of the burned
material of soybean hulls against rubber was 0 [phr], 100 [phr], 200 [phr], 300 [phr] and 400 [phr]. In all cases, the median
diameter of the burned material of soybean hulls was set to 60 mm, the burning temperature for soybean hulls was set
to 900 [˚C], and the thickness of the electrically conductive composition was set to 2.5 [mm].
[0154] According to the measurement results shown in Fig. 9(c), the surface resistivity did not show a significant
difference depending on the position in the electrically conductive composition regardless of high or low of the content
ratio of the burned material of soybean hulls against rubber. However, when the content ratio of the burned material of
soybean hulls against rubber is higher, the fluctuations in the surface resistivity seem to be slightly reduced, and also
the surface resistivity seems to be reduced.
[0155] As a summary of the above, it is found that the electrically conductive composition of this embodiment has a
characteristic of increasing its conductivity by setting the content ratio of the burned material of soybean hulls against
rubber to 200 [phr] or above, and increasing the burning temperature, and increasing the grain size.
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[0156] Fig. 35(a) - Fig. 35(h) show a chart indicating the measurement results of the specific volume resistivity and
surface resistivity of the electrically conductive composition of the burned materials of rapeseed meal, sesame meal,
cotton seed meal and cotton hulls, and each of these corresponds to Fig. 9(c). The burning temperature for rapeseed
meal etc. was set to 900 [˚C].
[0157] In Fig. 35(a), Fig. 35(c), Fig. 35(e) and Fig. 35(g), the lateral axis and vertical axis respectively represent the
measurement point in the electrically conductive composition and the specific volume resistivity [Ω·cm]. In Fig. 35(b),
Fig. 35(d), Fig. 35(f) and Fig. 35(h), the lateral axis and vertical axis respectively represent the measurement point in
the electrically conductive composition and the surface resistivity [Ω/sq].
[0158] Fig. 35(a) and Fig. 35(b) show a chart of the specific volume resistivity and surface resistivity respectively,
regarding the electrically conductive composition of the burned material of rapeseed meal. According to Fig. 35(a) and
Fig. 35(b), it is found to have a characteristic of increasing the conductivity when the content ratio of the burned material
of rapeseed meal against rubber is set to 200 [phr] or above. When the content ratio of the burned material of rapeseed
meal against rubber was set to 400 [phr], the specific volume resistivity was 11.5 [Ω·cm] and the surface resistivity was
46.3 [Ω/sq].
[0159] Fig. 35(c) and Fig. 35(d) show a chart of the specific volume resistivity and surface resistivity respectively,
regarding the electrically conductive composition of the burned material of cotton seed meal. According to Fig. 35(c)
and Fig. 35(d), it is found to have a characteristic of increasing the conductivity also when the content ratio of the burned
material of cotton seed meal against rubber is set to 200 [phr] or above. When the content ratio of the burned material
of cotton seed meal against rubber was set to 400 [phr], the specific volume resistivity was 4.93 [Ω·cm] and the surface
resistivity was 19.7 [Ω/sq], both indicating the best result among those shown in Fig. 35.
[0160] Fig. 35(e) and Fig. 35(f) show a chart of the specific volume resistivity and surface resistivity respectively,
regarding the electrically conductive composition of the burned material of sesame meal. According to Fig. 35(e) and
Fig. 35(f), it is found to have a characteristic of increasing the conductivity also when the content ratio of the burned
material of sesame meal against rubber is set to 200 [phr] or above. When the content ratio of the burned material of
cotton seed meal against rubber was set to 400 [phr], the specific volume resistivity was 13.7 [Ω·cm] and the surface
resistivity was 54.7 [Ω/sq].
[0161] Fig. 35(g) and Fig. 35(h) show a chart of the specific volume resistivity and surface resistivity respectively,
regarding the electrically conductive composition of the burned material of cotton hulls. According to Fig. 35(e) and Fig.
35(f), it is found to have a characteristic of increasing the conductivity also when the content ratio of the burned material
of cotton hulls against rubber is set to 200 [phr] or above. When the content ratio of the burned material of cotton hulls
against rubber was set to 400 [phr], the specific volume resistivity was 5.69 [Ω·cm] and the surface resistivity was 22.8
[Ω/sq].
[0162] From the above consideration, it can be said that it has a characteristic of increasing the conductivity when the
content ratio of the burned material of the plant against rubber is set to 200 [phr] or above, which is just like the case of
the burned material of soybean hulls.
[0163] Regarding only to the respective burned materials of soybean hulls, rapeseed meal, sesame meal and cotton
seed meal and cotton hulls, when the content ratio of the burned material of the plant against rubber is set to 200 [phr]
or above, it is found that the surface resistivity significantly decreases in all cases in contrast to the case that said content
ratio is set to 150 [phr] or below. In addition, when said content ratio is 200 [phr] or above, each specific volume resistivity
significantly decreases in contrast to the case that said content ratio is set to 150 [phr] or below.
[0164] Fig. 36(a) - Fig. 36(f) show a chart indicating the measurement results of the specific volume resistivity and
surface resistivity of the electrically conductive composition of the burned materials of soybean hulls, and each of these
corresponds to Fig. 9(c). The median diameter of the burned material of soybean hulls was set to 60 mm.
[0165] In Fig. 36(a), Fig. 36(c) and Fig. 36(e), the lateral axis and vertical axis respectively represent the measurement
point in the electrically conductive composition and the specific volume resistivity [Ω·cm]. In Fig. 36(b), Fig. 36(d) and
Fig. 36(f), the lateral axis and vertical axis respectively represent the measurement point in the electrically conductive
composition and the surface resistivity [Ω/sq].
[0166] Fig. 36(a) and Fig. 36(b) respectively show a chart of the specific volume resistivity and surface resistivity of
the electrically conductive composition of the pulverized burned material at the burning temperature for soybean hulls
of 900 [˚C], and Fig. 36(c) and Fig. 36(d) respectively show a chart of the specific volume resistivity and surface resistivity
of the electrically conductive composition at the burning temperature for soybean hulls of 1500 [˚C], and Fig. 36(e) and
Fig. 36(f) respectively show a chart of the specific volume resistivity and surface resistivity of the electrically conductive
composition at the burning temperature for soybean hulls of 3000 [˚C].
[0167] First, as the charts are compared with each other, it is found that both specific volume resistivity and surface
resistivity decrease as the burning temperature increases as described above. In addition, as the measurement results
are compared with each other, it is also found that both specific volume resistivity and surface resistivity decrease not
only as the burning temperature increases but also as the content ratio of the burned material of soybean hulls against
rubber increases.
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[0168] Fig. 10 - Fig. 12 show a chart indicting the electromagnetic wave absorption characteristics of the "electrically
conductive composition". The lateral axis and vertical axis of Fig 10 etc. respectively represent frequency [Hz] and
electromagnetic wave absorption [dB]. For calculating the electromagnetic wave absorption characteristics shown in
Fig. 10 etc., the electrically conductive composition with a size of 300 [mm] x 300 [mm] was mounted on a metallic plate
with the same size, and the electrically conductive composition was irradiated with incident waves at frequencies plotted
in Fig. 10 etc. so as to measure the energy of the reflected waves from the electrically conductive composition, thus the
energy difference between the incident wave and the reflected wave, that is, the electromagnetic wave absorption
(energy loss) was calculated. Said measurement was carried out based on the arch test method by using an arch type
electromagnetic wave absorption measuring apparatus.
[0169] Here, Samples 1 - 4 with the following conditions were prepared. The prepared samples were as follows:

Sample 1: Thickness of the electrically conductive composition of 2.5 [mm], Content ratio of the burned material of
soybean hulls against rubber of 300 [phr]
Sample 2: Thickness of the electrically conductive composition of 2.5 [mm], Content ratio of the burned material of
soybean hulls against rubber of 400 [phr]
Sample 3: Thickness of the electrically conductive composition of 5.0 [mm], Content ratio of the burned material of
soybean hulls against rubber of 300 [phr]
Sample 4: Thickness of the electrically conductive composition of 5.0 [mm], Content ratio of the burned material of
soybean hulls against rubber of 400 [phr]

[0170] All of Samples 1- 4 were prepared under the following conditions:

Burning temperature for soybean hulls to obtain electrically conductive composition: 900 [˚C]
Median diameter of the burned material of soybean hulls: 60 mm

[0171] According to Fig. 10, it is found that Samples 1, 2 having a less thick electrically conductive composition (plotted
with s, 3 in the figure) show a relatively higher electromagnetic wave absorption around the frequency band of 4000
[MHz] to 6000 [MHz], and show a relatively lower electromagnetic wave absorption around the frequency band of 6000
[MHz] to 8000 [MHz]. In contrast, it is found that Samples 3, 4 having a thick electrically conductive composition (plotted
with n, h in the figure) show less fluctuations in the electromagnetic wave absorption and also show a relatively lower
electromagnetic wave absorption in the frequency band of 4000 [MHz] to 8000 [MHz].
[0172] In addition, it is found that Samples 2, 4 having a higher content ratio of the burned material of soybean hulls
against rubber (plotted with 3, D in the figure) shows a less electromagnetic wave absorption than Samples 1, 3 having
a lower content ratio of the burned material of soybean hulls against rubber (plotted with O, n in the figure) do.
[0173] Regarding Fig. 11, the following Samples 5 - 7 were prepared. The prepared samples were as follows:

Sample 5: Burning temperature for soybean hulls to obtain electrically conductive composition: 600 [˚C]
Sample 6: Burning temperature for soybean hulls to obtain electrically conductive composition: 900 [˚C] (Sample 1)
Sample 7: Burning temperature for soybean hulls to obtain electrically conductive composition: 1500 [˚C]

[0174] All of Samples 5 - 7 were prepared under the following conditions:

Median diameter of the burned material of soybean hulls: 60 mm Thickness of electrically conductive composition:
2.5 [mm]
Content ratio of the burned material of soybean hulls against rubber: 300 [phr]

[0175] According to Fig. 11, the electromagnetic wave absorption regarding Sample 7 (plotted with D in the figure) is
almost constant regardless of the frequency band, however, it can be said that the electromagnetic wave absorption in
the lower frequencies is more than that in the higher frequencies.
[0176] In contrast, it is found that Sample 5 (plotted withn in the figure) increases the electromagnetic wave absorption
as the frequency increases. In contrast, it is found that Sample 6 (plotted with O in the figure) reduces the electromagnetic
wave absorption as the frequency increases.
[0177] Regarding Fig. 12, the follows Samples 8 - 12 were prepared. The prepared samples were as follows:

Sample 8: Thickness of electrically conductive composition: 0.5 [mm]
Sample 9: Thickness of electrically conductive composition: 1.0 [mm]
Sample 10: Thickness of electrically conductive composition: 1.5 [mm]
Sample 11: Thickness of electrically conductive composition: 2.0 [mm] (Sample 4)
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Sample 12: Thickness of electrically conductive composition: 5.0 [mm] (Sample 3)

[0178]  All of Samples 8 - 12 were prepared under the following conditions:

Burning temperature for soybean hulls to obtain electrically conductive composition: 900 [˚C]
Median diameter of the burned material of soybean hulls: 60 mm
Content ratio of the burned material of soybean hulls against rubber: 300 [phr]

[0179] According to Fig. 12, the electromagnetic wave absorption regarding Samples 8, 9, 12 (plotted with h, ∇, 3)
is almost constant generally regardless of the frequency band. However, the electromagnetic wave absorption of Sample
12 (plotted with 3 in the figure) is more than that of Samples 8, 9 (plotted with h, ∇ in the figure). In contrast, Sample
10, 11 (plotted with n, O in the figure) show a change in the electromagnetic wave absorption depending on high or low
of the frequency.
[0180] Fig. 13 - Fig. 14 show a chart indicting the electromagnetic wave absorption characteristics of the "electrically
conductive composition". The lateral axis and vertical axis of Fig 13 etc. respectively represent frequency [Hz] and
electromagnetic wave absorption [dB]. Furthermore, Fig. 13 also shows an enlarged view for the frequency band up to
500 [MHz].
[0181] The electromagnetic wave absorption characteristics shown in Fig. 13 and Fig. 14 were measured by so-called
S-parameter method. Specifically, a toroidal-shaped electrically conductive composition with an outer diameter of approx.
20Φ and inner diameter of 8.7Φ was mounted on the bottom of a cylindrical test container with an inner diameter of
approx. 20Φ, and the electrically conductive composition was irradiated from the opening end of the test container with
incident waves at frequencies plotted in Fig. 13 and Fig. 14 so as to measure the energy of the reflected waves from
the electrically conductive composition, thus the electromagnetic wave absorption was calculated. For the electrically
conductive composition, the content ratio of the burned material of soybean hulls against rubber has been changed from
0 [phr] to 400 [phr] with an increment of 50 [phr]. In all cases, the burning temperature for soybean hulls was set to 900
[˚C], and the median diameter of the burned material of soybean hulls was set to 60 mm.
[0182] According to Fig. 13, the electromagnetic wave absorption is approx. 0 [dB] with little fluctuations around 500
[MHz] - 2300 [MHz] regardless of high or low of the content ratio of the burned material of soybean hulls. The fluctuations
seen from 2300 [MHz] to 2400 [MHz] are caused by noises during the measurement. In contrast, in the range of 2400
[MHz] and above, when the content ratio of the burned material of soybean hulls is 150 [phr] or below, the electromagnetic
wave absorption is approx. 0 [dB] with little fluctuations, and when the content ratio of the burned material of soybean
hulls is 200 [phr] or above, the electromagnetic wave absorption increases to some extent.
[0183] According to the enlarged view of Fig. 13, at around 50 [MHz], when the content ratio of the burned material
of soybean hulls is 150 [phr] and 400 [phr], the electromagnetic wave absorption is found to be -3 [dB] and -6 [dB]
respectively, however, at other content ratios, the electromagnetic wave absorption stays within -1.0 [dB] even though
it shows more fluctuations.
[0184] Here, paying attention to the burned material of soybean hulls with the content ratio of 400 [phr], the electro-
magnetic wave absorber of this embodiment has an electromagnetic wave shielding effect of 40 [dB] at the frequency
band of around 50 [MHz] as shown in Fig. 2, while having an electromagnetic wave absorption of -6 [dB] as shown in
Fig. 13, and thus it is considered to be causing a reflection of 34 [dB]. In addition, based on the chart shown in Fig. 13,
it is preferred to be used as an electromagnetic wave reflector in the frequency band of 50 [MHz] - 100 [MHz].
[0185] Fig. 14 shows a relationship between frequency and electromagnetic wave absorption, wherein the thickness
of the electrically conductive composition is changed from 0.5 [mm] to 5.0 [mm] with an increment of 0.5 [mm]. Here,
the content ratio of the burned material of soybean hulls was set to 300 [phr].
[0186] According to Fig. 14, except for the cases that the thickness of the electrically conductive composition has
been set to 2.5 [mm] and 5.0 [mm], it is found that the results of the electromagnetic wave absorptions are approximately
similar to each other. That means, when the thickness of the electrically conductive composition is 0.5 [mm] - 1.5 [mm],
the electromagnetic wave absorption is approx. 0 [dB] with little fluctuations around 500 [MHz] - 2300 [MHz]. Although
there is some difference based on the different thickness of the electrically conductive composition, the electromagnetic
wave absorption increases to some extent from 2400 [MHz] and above, while the electromagnetic wave absorption
stays within -1.0 [dB] from 500 [MHz] and below even though it shows more fluctuations. The fluctuations seen from
2300 [MHz] to 2400 [MHz] are caused by noises.
[0187] In contrast, when the thickness of the electrically conductive composition is 5.0 [mm], the electromagnetic wave
absorption is relatively high at any point in the frequency band up to 3000 [MHz]. In addition, when the thickness of the
electrically conductive composition is 2.5 [mm], the electromagnetic wave absorption increases around over 1200 [MHz].
[0188] Here, according to this test result, the electromagnetic wave absorption with the thickness of the electrically
conductive composition of 2.5 [mm] is somewhat different from the one with the thickness of the electrically conductive
composition of 5.0 [mm] in the frequency band of 2400 [MHz] and above.
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[0189] However, it is worth noting that when the thickness of the electrically conductive composition is 5.0 [mm], the
absorption characteristic of about -4 [dB] has been obtained at the frequency of 50 [MHz] and the absorption characteristic
of about maximum -5 [dB] has been obtained in the frequency band of 2000 [MHz] - 2500 [MHz].
[0190] Fig. 37(a) - Fig. 37(h) show a chart indicating the electromagnetic wave absorption characteristics of the
electrically conductive compositions formed from the burned material of rapeseed meal, sesame meal, cotton seed meal
and cotton hulls respectively. In Fig. 37(a) - Fig. 37(h), the lateral axis and vertical axis indicate frequency [MHz] and
electromagnetic wave absorption [dB] respectively. Here, the thickness of the electrically conductive composition was
set to 2.5 [mm] and 5.0 [mm], and the content ratio of the burned material of rapeseed meal etc. against rubber was
changed.
[0191] Fig. 37(a) shows electromagnetic wave absorption characteristics of the electrically conductive composition
with a thickness of 2.5 [mm], wherein the burned material of rapeseed meal was burned at a burning temperature of
900 [˚C], and Fig. 37(b) shows electromagnetic wave absorption characteristics of the electrically conductive composition
with a thickness of 5.0 [mm], wherein the burned material of rapeseed meal was burned at a burning temperature of
900 [˚C].
[0192] Fig. 37(c) shows electromagnetic wave absorption characteristics of the electrically conductive composition
with a thickness of 2.5 [mm], wherein the burned material of cotton seed meal was burned at a burning temperature of
900 [˚C], and Fig. 37(d) shows electromagnetic wave absorption characteristics of the electrically conductive composition
with a thickness of 5.0 [mm], wherein the burned material of cotton seed meal was burned at a burning temperature of
900 [˚C].
[0193] Fig. 37(e) shows electromagnetic wave absorption characteristics of the electrically conductive composition
with a thickness of 2.5 [mm], wherein the burned material of sesame meal was burned at a burning temperature of 900
[˚C], and Fig. 37(f) shows electromagnetic wave absorption characteristics of the electrically conductive composition
with a thickness of 5.0 [mm], wherein the burned material of sesame meal was burned at a burning temperature of 900 [˚C].
[0194] Fig. 37(g) shows electromagnetic wave absorption characteristics of the electrically conductive composition
with a thickness of 2.5 [mm], wherein the burned material of cotton hulls was burned at a burning temperature of 900
[˚C], and Fig. 37(h) shows electromagnetic wave absorption characteristics of the electrically conductive composition
with a thickness of 5.0 [mm], wherein the burned material of cotton hulls was burned at a burning temperature of 900 [˚C].
[0195] Whenever the burned material of any one of plants such as rapeseed meal is used, when the thickness of the
electrically conductive composition is 2.5 [mm], the absorption characteristic of about maximum -5 [dB] has been obtained
in the frequency band of 3000 [MHz] and below, and when 5.0 [mm], the absorption characteristic of about maximum
-8 [dB] has been obtained.
[0196] Although it has not been determined (regarding sesame meal, we could not carry out a measurement for the
case containing 300 [phr] of the burned material against rubber) it may be said that the burned material of any one of
plants such as rapeseed meal has an effective frequency absorption characteristic in the frequency band of 2000 [MHz]
- 3000 [MHz] when containing 300 [phr] against rubber.
[0197] Fig. 38 shows a chart indicating the electromagnetic wave absorption characteristics regarding the burned
material of soybean hulls, wherein the burning temperature etc. was changed, and it corresponds to Fig. 13. In Fig. 38
(a) - Fig. 38(f), the lateral axis and vertical axis indicate frequency [MHz] and electromagnetic wave absorption [dB]
respectively. Here, the thickness of the electrically conductive composition was set to 2.5 [mm] and 5.0 [mm], and the
measurement was carried out for both cases.
[0198] Fig. 38(a) shows electromagnetic wave absorption characteristics of the electrically conductive composition
with a thickness of 2.5 [mm], wherein the "burned material of soybean hulls" was burned at a burning temperature of
900 [˚C] an was then pulverized, and Fig. 38(b) shows electromagnetic wave absorption characteristics of the electrically
conductive composition with a thickness of 5.0 [mm], wherein the "burned material of soybean hulls" was burned at a
burning temperature of 900 [˚C] and was then pulverized.
[0199] Fig. 38(c) shows electromagnetic wave absorption characteristics of the electrically conductive composition
with a thickness of 2.5 [mm], wherein the "burned material of soybean hulls" was burned at a burning temperature of
1500 [˚C], and Fig. 38(d) shows electromagnetic wave absorption characteristics of the electrically conductive compo-
sition with a thickness of 5.0 [mm], wherein the "burned material of soybean hulls" was burned at a burning temperature
of 1500 [˚C].
[0200] Fig. 38(e) shows electromagnetic wave absorption characteristics of the electrically conductive composition
with a thickness of 2.5 [mm], wherein the "burned material of soybean hulls" was burned at a burning temperature of
3000 [˚C], and Fig. 38(f) shows electromagnetic wave absorption characteristics of the electrically conductive composition
with a thickness of 5.0 [mm], wherein the "burned material of soybean hulls" was burned at a burning temperature of
3000 [˚C].
[0201] First, it was confirmed from all of the measurement results of Fig. 38(a) - Fig. 38(f) that the electrically conductive
composition with a thickness of 5.0 [mm] has an electromagnetic wave absorption of about maximum 10 [dB] in the
frequency band of 2000 [MHz] - 3000 [MHz], while such an electromagnetic wave absorption was not confirmed in the
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case of the electrically conductive composition with a thickness of 2.5 [mm].
[0202] In addition, as comparing Fig. 38 - Fig. 38(f) with each other, it was confirmed that the frequency band at which
the maximum electromagnetic wave absorption can be obtained varies depending on the burning temperature for the
burned material of soybean hulls to obtain the electrically conductive composition, the thickness of the electrically
conductive composition, the content of the burned material of soybean hulls against rubber, and whether or not the
burned material of soybean hulls has been pulverized.
[0203] Based on the above, in order to obtain an electrically conductive composition preferably used at, for example,
around 2500 [MHz], it is understood that:

(1) the conditions may be the burning temperature for the burned material of soybean hulls of 1500 [˚C], the thickness
of the electrically conductive composition of 5 [mm], the content of the burned material of soybean hulls against
rubber of 200 [phr], and not applying pulverization for the burned material of soybean hulls.
(2) the conditions may be the burning temperature for the burned material of soybean hulls of 900 [˚C], the thickness
of the electrically conductive composition of 5 [mm], the content of the burned material of soybean hulls against
rubber of 300 [phr] - 400 [phr], and applying pulverization for the burned material of soybean hulls.

[0204] Fig. 15 and Fig. 16 show a chart indicating the relationship between frequency and electromagnetic wave
absorption characteristics corresponding to Fig. 13 and Fig. 14. The electromagnetic wave absorption characteristics
in the frequency band of 2000 [MHz] - 8000 [MHz] are indicated herein.
[0205] As shown in Fig. 15, paying attention to the minimum value of each chart, there seems to be association
between the content ratio of the burned material of soybean hulls against ethylene propylene diene rubber and the
frequency band. That is, as the content ratio of the burned material of soybean hulls against ethylene propylene diene
rubber increases, the electromagnetic wave absorption range shifts to the lower frequency band.
[0206] In addition, there also seems to be association between the content ratio of the burned material of soybean
hulls against ethylene propylene diene rubber and the absorption itself. That is, as the content ratio of the burned material
of soybean hulls against ethylene propylene diene rubber increases, the electromagnetic wave absorption increases
except for the cases that the content ratio of the burned material of soybean hulls against ethylene propylene diene
rubber is set to 50 [phr] and 100 [phr].
[0207] However, when the content ratio of the burned material of soybean hulls is 50 [phr] and 100 [phr] in the sample,
the absorption characteristic cannot be obtained. In Fig. 15, it should be noted that when the content ratio of the burned
material of soybean hulls was 150 [phr], the absorption characteristic of as much as -20 [dB] was obtained in the frequency
band of 7 [GHz] - 8 [GHz].
[0208] As shown in Fig. 16, there seems to be association between the thickness of the electrically conductive com-
position and the frequency band. That is, as the thickness of the electrically conductive composition increases, the
electromagnetic wave absorption range shifts to the lower frequency band.
[0209] Fig. 39(a) - Fig. 39(d) show a chart indicating the electromagnetic wave absorption characteristics of the
electrically conductive compositions formed from the burned material of rapeseed meal, sesame meal, cotton seed meal
and cotton hulls respectively, and these correspond to Fig. 15. In Fig. 39(a) - Fig. 39(d), the lateral axis and vertical axis
indicate frequency [Hz] and electromagnetic wave absorption [dB] respectively. Here, the burning temperature for rape-
seeds etc. was set to 900 ˚C, the thickness of the electrically conductive composition was set to 2.5 [mm], and the
content ratio of the burned material of rapeseed meal etc. against rubber was changed.
[0210] Fig. 39(a) shows electromagnetic wave absorption characteristics of the electrically conductive composition
formed from the burned material of rapeseed meal. Fig. 39(b) shows electromagnetic wave absorption characteristics
of the electrically conductive composition formed from the burned material of sesame meal. Fig. 39(c) shows electro-
magnetic wave absorption characteristics of the electrically conductive composition formed from the burned material of
cotton seed meal. Fig. 39(d) shows electromagnetic wave absorption characteristics of the electrically conductive com-
position formed from the burned material of cotton hulls.
[0211] First, looking at Fig. 39(a) - Fig. 39(d), it is found that the maximum value of the electromagnetic wave absorption
in each burned material of rapeseed meal etc. is about -15 [dB] in the frequency band of 2000 [MHz] - 6000 [MHz].
[0212] Although it has not been determined (regarding the cotton seed meal shown in Fig. 39(c), we could not carry
out a measurement for the case containing 300 [phr] of the burned material against rubber) it may be said that the burned
material of any one of plants such as rapeseed meal has an effective frequency absorption characteristic in the frequency
band of 2000 [MHz] - 8000 [MHz] when containing 300 [phr] against rubber. The result indicated that the frequency with
the maximum electromagnetic wave absorption was around 4000 [MHz] - 6000 [MHz].
[0213] Fig. 40 shows a chart indicating the electromagnetic wave absorption characteristics regarding the burned
material of soybean hulls, wherein the burning temperature etc. was changed, and it corresponds to Fig. 15. In Fig. 40
(a) - Fig. 40(c), the lateral axis and vertical axis indicate frequency [MHz] and electromagnetic wave absorption [dB]
respectively. Here, the thickness of the electrically conductive composition was set to 2.5 [mm].
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[0214] Fig. 40(a) shows electromagnetic wave absorption characteristics of the burned material of soybean hulls that
was burned at a burning temperature of 900 [˚C] and was then pulverized. Fig. 40(b) shows electromagnetic wave
absorption characteristics of the burned material of soybean hulls that was burned at a burning temperature of 1500
[˚C] and was not pulverized. Fig. 40(c) shows electromagnetic wave absorption characteristics of the burned material
of soybean hulls that was burned at a burning temperature of 3000 [˚C] and was not pulverized.
[0215] In contrast to the case of rapeseed meal etc. shown in Fig. 39, it is confirmed that the burned material of
soybean hulls has a strong electromagnetic absorption characteristic of 20 [dB] and above regardless of the burning
temperature. In addition, according to these measurement results, it can be said that there is a poor correlation between
the maximum value of the electromagnetic wave absorption, the burning temperature for soybean hulls, and the content
of the burned material of soybean hulls against rubber.
[0216] For example, large electromagnetic wave absorption was obtained at the content of 300 [phr] in the case of
the burning temperature of 900 [˚C] as shown in Fig. 40(a), at the content of 200 [phr] in the case of the burning
temperature of 1500 [˚C] as shown in Fig. 40(b) and at the content of 150 [phr] in the case of the burning temperature
of 3000 [˚C] as shown in Fig. 40(c).
[0217] From Fig. 40(a), an electromagnetic shielding effectiveness of 20 [dB] and above is confirmed in the frequency
band of approx. 4200 [MHz] to approx. 4400 [MHz]. Furthermore, from Fig. 40(b) and Fig. 40(c), an electromagnetic
shielding effectiveness of 20 [dB] and above is confirmed in the frequency band of approx. 6000 [MHz]. In particular,
the maximum of nearly 40 [dB] of electromagnetic shielding effectiveness is confirmed in Fig. 40(c).
[0218] Fig. 17 and Fig. 18 show a chart indicating the relationship between frequency and electromagnetic wave
absorption in the case that low density polyethylene is used for the base material to be blended with the burned material
of soybean hulls, instead of using ethylene propylene diene rubber. Fig. 17 shows a chart, wherein the burning temper-
ature for soybean hulls was 900 [˚C], the median diameter was approx. 60mm, the thickness of the electrically conductive
composition was 2.5 [mm], and the content ratio of the burned material of soybean hulls against low density polyethylene
was changed from 0 to 50 [wt.%] with an increment of 10 [wt.%].
[0219] According to Fig. 17, the electromagnetic wave absorption is approx. 0 [dB] with little fluctuations around 500
[MHz] - 2300 [MHz] regardless of the content ratio of the burned material of soybean hulls. The electromagnetic wave
absorption can be evaluated as somewhat similar to the one shown in Fig. 13 in the frequency bands of 2300 [MHz]
and above, and 500 [MHz] and below regardless of the content ratio of the burned material of soybean hulls.
[0220] Fig. 18 shows a chart, wherein the content ratio of the burned material of soybean hulls against low density
polyethylene was chosen from 40 [wt.%] and 50 [wt.%], and the thickness of the electrically conductive composition was
changed to 1, 2 and 3 [mm]. Also in the case of Fig. 18, the electromagnetic wave absorption can generally be evaluated
as similar to the one shown in Fig. 17.
[0221] However, the electromagnetic wave absorption increases as the thickness of the electrically conductive com-
position increases, and as the content ratio of the burned material of soybean hulls against low density polyethylene
increases. Therefore, when low density polyethylene is used as the base material, it is preferred to increase the content
ratio itself of the burned material of soybean hulls in terms of the electromagnetic wave absorption.
[0222] What can be said from the charts shown in Fig. 17 and Fig. 18 is that a comparative electromagnetic absorption
characteristic cannot be obtained since the content ratio of the burned material of soybean hulls against low density
polyethylene cannot exceed the content ratio of the burned material of soybean hulls against ethylene propylene diene
rubber due to the structural and characteristic reasons of low density polyethylene. For reference, the content ratio of
the burned material of soybean hulls against low density polyethylene is as much as a content ratio of about 50 [wt.%]
(= the content ratio of the burned material of soybean hulls: 100 [phr]).
[0223] As explained above, it is observed that the electrically conductive composition of this embodiment not only has
the anti-charge function and anti-static function, but also has a shielding function. In addition, these functions can be
tailored to various applications by changing the production conditions for the burned plant material of soybean hulls etc.
[0224] In other words, the electrically conductive composition of this embodiment can be tailored to various applications
by adjusting the content ratio of the burned material of soybean hulls, the median diameter of the burned material of
soybean hulls, the burning temperature for obtaining the burned material of soybean hulls, and the content ratio of the
burned material of soybean hulls for the electrically conductive composition. Consequently, the electrically conductive
composition of this embodiment can be used as, for example, conductive filler to the plastic and rubber used in electronic
appliances.
[0225] Regarding the burned material of soybean hulls according to this embodiment, the following tests and meas-
urements have been carried out. Here, regarding the burned material of soybean hulls, although those with the median
diameter of approx. 30 mm and those with the median diameter of approx. 60 mm were used to carry out several tests
and measurements, this range of differences in median diameter did not indicate any differences in the test results and
measurement results.
[0226] (1) Regarding the burned material of soybean hulls according to this embodiment, the physical properties such
as bulk specific gravity, BET specific surface area, and crystallite size were measured.
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[0227] (2) Regarding the burned material of soybean hulls according to this embodiment, whether or not it can be
blended with a base material other than ethylene propylene diene rubber, and if possible to blend, the content ratio of
said burned material against the rubber were measured.
[0228] First, the following measurement results were obtained regarding the physical properties.
BET specific surface area: approx. 4.7 m2/g to approx. 390 m2/g Crystallite size: approx. 1 nm to approx. 20 nm
[0229] As comparing those burned at respective burning temperatures of 900 [˚C], 1500 [˚C] and 3000 [˚C] with each
other, it is found that the BET specific surface area varies depending on the burning temperature.
[0230] For example, JPA2005-336017 discloses a porous carbon material with a bulk specific gravity of 0.6 - 1.2
g/cm3. When comparing the above measurement results with those in this publication, the burned material of soybean
hulls according to this embodiment has a lower value in the bulk specific gravity. Here, the bulk specific gravity of the
burned material of soybean hulls according to this embodiment has been measured in conformity to JIS K-1474.
[0231] JPA2007-191389 discloses carbonaceous or graphitic particles for electrodes of non-aqueous secondary bat-
tery that have a median diameter of 5 - 50 mm and a BET specific surface area of 25 m2/g or below.
[0232] JPA2005-222933 discloses carbonaceous particles that have a crystallite size of over 100 nm as a negative-
electrode material for lithium battery. When comparing the above measurement results with those in this publication,
the burned material of soybean hulls according to this embodiment has a smaller crystallite size, and thus it is evaluated
as low-crystalline carbon.
[0233] Next, the measurement results of whether or not being able to blend with a base material other than ethylene
propylene diene rubber, and if possible to blend, the content ratio of said burned material against the rubber were found
as follows.
[0234] Here, No.191-TM TEST MIXING ROLL manufactured by Yasuda Seiki Seisakusho Ltd. was used as an open
roll (biaxial kneading machine), and TOYO SEIKI mini TEST PRESS 10 was used as a molding process machine
(compacting machine).
[0235] For comparison, in addition to the burned material of soybean hulls according to this embodiment, (1) coconut
shell activated carbon (granular SHIRASAGI WH2C8/32SS Lot No. M957 manufactured by Japan EnviroChemicals.
Ltd.), and (2) carbon black (SUNBLACK285, Lot No. 8BFS6 manufactured by ASAHI CARBON CO., LTD.) were used.
[0236] For the base material other than ethylene propylene diene rubber, (a) isoprene (IR-2200 manufactured by
Kraton JSR Elastomers K.K.), and (b) polyvinyl chloride resin (ZEST1000Z, Lot No. C60211 manufactured by Shin
Daiichi Enbi K.K.) were used.
[0237] In addition, regarding coconut shell activated carbon and carbon black, whether or not it can be blended with
ethylene propylene diene rubber was also checked.
[0238] Blending the burned material of soybean hulls according to this embodiment with a base material was the same
as explained above with reference to Fig. 2; and generally stated, when isoprene was used as the base material, it was
masticated by the open roll preheated to approx. 90 [˚C]. When PVC was used as the base material, it was masticated
by the open roll preheated to approx. 185 [˚C]. Then the burned material of soybean hulls according to this embodiment
and others were respectively blended with the base material. This burned material of soybean hulls was the one burned
at 900 [˚C], and the median diameter was set to 30 mm.
[0239] Subsequently, the molding process machine was used to process molding for the base material that had been
blended with the burned material of soybean hulls according to this embodiment or others under the pressure of 20
[MPa] for 5 minutes at the temperature of 100 [˚C].
[0240] Hence, regarding the resultant products, the measurement results of whether or not being able to blend with
the base material, and if possible to blend, the content ratio of said burned material against the rubber were found as
follows.
[0241] 1. Regarding the burned material of soybean hulls according to this embodiment,
(1) In the case that isoprene was used as the base material, the content ratio was found to be as much as approx. 600 [phr].
[0242] (2) In the case that polyvinyl chloride resin was used as the base material, the content ratio was found to be
as much as approx. 350 [phr].
[0243] 2. Regarding coconut shell activated carbon,
(1) In the case that isoprene was used as the base material, the content ratio was found to be approx. 150 [phr]. However,
it was not possible to knead in to 200 [phr] or more.
[0244] (2) In the case that ethylene propylene diene rubber was used as the base material, the content ratio was
found to be approx. 150 [phr]. However, in this case, when this compressed compact was curved, it caused a crack.
Moreover, it was not possible to knead in to 200 [phr] or more.
[0245] 3. Regarding carbon black,
(1) In the case that isoprene was used as the base material, the content ratio was found to be approx. 100 [phr]. However,
in this case, when this compressed compact was curved, it caused a crack. Moreover, it was not possible to knead in
to 150 [phr] or more.
[0246] (2) In the case that ethylene propylene diene rubber was used as the base material, the content ratio was
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found to be approx. 100 [phr]. However, in this case, when this compressed compact was curved, it caused a crack.
Moreover, it was not possible to knead in to 150 [phr] or more.
[0247] As a summary, in contrast to the burned material of soybean hulls according to this embodiment, even though
"coconut shell activated carbon" that is in common in terms of being plant-derived carbide and being porous structure
was used, a large amount of blending with the base material such as the one obtained by the burned material of soybean
hulls according to this embodiment was not recognized. So any one of the burning temperature for the burned material
of soybean hulls according to this embodiment, the carbon content attributable thereto, and a lager number of reactive
functional residues is possibly contributing to the increased content ratio against the base material.
[0248] In the case of petroleum-pitch-derived carbon black, it was found that not only containing the amount of 100
[phr] for ethylene propylene diene rubber causes a reduced flexibility, but also containing the amount of 100 [phr] for
isoprene causes a reduced flexibility.
[0249] It was confirmed that the burned material of soybean hulls according to this embodiment was able to be blended
with a base material even if silicon rubber was used as the base material. When reproducibility tests were selectively
carried out for various test results etc. explained in this embodiment, it was confirmed that all of them were reproducible.
[0250] Furthermore, each test was selectively carried out by setting the median diameter of the burned material of
soybean hulls according to this embodiment to 30 mm. As explained with reference to Fig. 8, when the median diameter
was changed to 60 mm, 10 mm and 2 mm, there seems to be differences in the specific volume resistivity, however, no
significant difference was observed between the median diameters of 60 mm and 30 mm. Yet another, no significant
difference was observed in the "surface resistivity" between the median diameters of 60 mm and 30 mm.

(EMBODIMENT 2)

[0251] In Embodiment 1 according to present invention, the electrically conductive composition using the burned
material of soybean hulls was mainly explained. In Embodiment 2 according to present invention, the anti-static material
and electromagnetic shielding member using the rice bran or rice hulls is mainly explained.
[0252] First, just like Embodiment 1, the electromagnetic wave absorption characteristics of the "electrically conductive
composition" using the burned material of rice hulls is explained. The production method and conditions for the electrically
conductive composition are the same as the case shown in Fig. 2.
[0253] Fig. 45 shows a chart indicating the measurement results of the electromagnetic shielding characteristics of
the electrically conductive composition of this embodiment, and it corresponds to Fig. 24. In Fig. 45, the lateral axis and
vertical axis indicate frequency [MHz] and electromagnetic shielding effectiveness [dB] respectively. Here, the median
diameter of the burned material of rice hulls was set to 60mm, and the thickness of the electrically conductive composition
was set to 2.5 [mm]. In addition, rice hulls were burned without containing a resol-type phenolic resin into the rice hulls.
The burning temperature for rice hulls was set to 3000 [˚C].
[0254] As seen in Fig. 45, when the content of the burned material of rice hulls against rubber was set to 400 [phr], it
is surprisingly found that the electromagnetic shielding effectiveness of almost over 30 [dB] can be stably obtained up
to 1000 [MHz]. Particularly, when it is over 700 [MHz], it is confirmed that the electromagnetic shielding effectiveness
stably exceeds 40 [dB].
[0255] In addition, when the content of the burned material of rice hulls against rubber was set to 200 [phr] and 300
[phr], it is found that the electromagnetic shielding effectiveness of almost over 25 [dB] can be obtained up to approx.
300 [MHz]. Thus, it is preferred to appropriately choose the content of the burned material of rice hulls against rubber
in accordance with the frequency of the electromagnetic wave to be shielded.
[0256] Fig. 19 and Fig. 20 show a chart indicating the relationship between frequency and electromagnetic wave
absorption characteristics regarding the electrically conductive composition using the burned material of rice hulls, and
these correspond to Fig. 13 and Fig. 14 respectively. The lateral axis and vertical axis of Fig 19 respectively represent
frequency [Hz] and electromagnetic wave absorption [dB].
[0257] The electromagnetic wave absorption characteristics shown in Fig. 19 and Fig. 20 were also measured under
conditions similar to those for the electromagnetic wave absorption characteristics shown in Fig. 13 and Fig. 14. Here,
the burning temperature for soybean hulls was set to 900 [˚C], and the median diameter was set to 60 mm.
[0258] According to Fig. 19, the electromagnetic wave absorption is approx. 0 [dB] with little fluctuations around 250
[MHz] - 2300 [MHz] regardless of the content ratio of rice hulls, however, the electromagnetic wave absorption slightly
increases as the content ratio of rice hulls increases. Noise is observed from 2300 [MHz] to 2400 [MHz]. In contrast, in
the range of 2400 [MHz] and above, the electromagnetic wave absorption increases as the content ratio of rice hulls
increases. It should be noted that when the blending amount of the burned material of rice hulls was set to 100 [phr],
an electromagnetic wave absorption of -3 [dB] was obtained at around 50 [MHz].
[0259] According to Fig. 20, except for the case that the thickness of the electrically conductive composition is set to
5.0 [mm], the electromagnetic wave absorption stays within -1.0 [dB] even though it shows more fluctuations. In contrast,
when the thickness of the electrically conductive composition is to 5.0 [mm], the electromagnetic wave absorptions of
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approx. -5 [dB] and approx. -10 [dB] are obtained at around 50 [MHz] and 2.7 [GHz] respectively. Noise is observed
from 2300 [MHz] to 2400 [MHz].
[0260] Fig. 21 and Fig. 22 are a chart, wherein the frequency conditions for the electrically conductive composition
shown in Fig. 19 and Fig. 20 have been changed, and these correspond to Fig. 15 and Fig. 16 respectively.
[0261] As shown in Fig. 21, paying attention to the minimum value of each chart, there seems to be association
between the content ratio of the burned material of rice hulls against ethylene propylene diene rubber and the frequency
band. That is, as the content ratio of the burned material of rice hulls against ethylene propylene diene rubber increases,
the electromagnetic wave absorption range shifts to the lower frequency band.
[0262] In addition, there also seems to be association between the content ratio of the burned material of rice hulls
against ethylene propylene diene rubber and the absorption itself. That is, as the content ratio of the burned material of
rice hulls against ethylene propylene diene rubber increases, the electromagnetic wave absorption decreases except
for the case that the content ratio of the burned material of rice hulls against ethylene propylene diene rubber is set to
100 [phr].
[0263] Specifically, when the content ratio of the burned material of rice hulls was 200 [phr], 300 [phr] and 400 [phr],
the electromagnetic wave absorptions of-35 [dB] at around 7 [GHz], -15 [dB] at around [5.3 GHz] and -7 [dB] at around
4.5 [GHz] were obtained respectively. When the content ratio of the burned material of rice hulls was 200, the electro-
magnetic wave absorption of -20 [dB] and more was obtained around 6.8 [GHz] - 7.2 [GHz].
[0264] As shown in Fig. 22, there seems to be association between the thickness of the electrically conductive com-
position and the frequency band. That is, as the thickness of the electrically conductive composition increases, the
electromagnetic wave absorption range shifts to the lower frequency band. When the thickness of the electrically con-
ductive composition was 0.5 [mm] and 1.0 [mm], no particular peak was seen in the frequency band of 2 [GHz] - 8 [GHz],
however, when the thickness of the electrically conductive composition was 1.5 [mm], 2.5 [mm] and 5.0 [mm], the
electromagnetic wave absorptions of -25 [dB] at around 8 [GHz], -15 [dB] at around 5.5 [GHz] and -10 [dB] at around 6
[GHz] were obtained respectively.
[0265] Next, the anti-static material and electromagnetic shielding member using rice bran or rice hulls are described.
Rice hulls are byproducts that are obtained when heads of rice are threshed and turned into brown rice, and approx.
2.6 million tons are produced per year. Among this amount, approx. 1.7 million tons are used for compost, spreading
material in livestock barn, and smoking charcoal, and the rest of approx. 0.8 million tons are disposed by incineration
etc. Therefore, from the viewpoint of avoiding wasteful disposal processing, a beneficial use of those disposed has been
sought.
[0266] In addition, the rice hulls are composed of approx. 80% of organic components and approx. 20% inorganic
components. The comprising items of the organic components are approx. 43 [wt.%] of alpha cellulose, approx. 22 [wt.
%] of lignin and approx. 17 [wt.%] of D-xylose. The inorganic components comprise approx. 95 [wt.%] of silica. Silica is
amorphous and is hard to dissolve into acid and alkali. In addition, silica is low in thermal expansion coefficient (0.5x10-6),
and has high-temperature-tolerance up to about 1200 [˚C]. Furthermore, since silica is amorphous, it is expected to be
able to obtain a high-strength compound when blended with other materials.
[0267] In contrast to this, when rice hulls were burned at a temperature of 3000 [˚C], those comprised 99.57% of
carbon, 0.21% of aluminum, and 0.15% of copper.
[0268] Fig. 46 shows SEM pictures of the burned material of rice hulls burned at a temperature of 3000 [˚C]. Fig. 46
(a) and Fig. 46(b) show a picture taken at a magnification of 1500, Fig. 46(c) shows a picture taken at a magnification
of 2000, and Fig. 46(d) and Fig. 46(e) show a picture taken at a magnification of 3000.
[0269] As seen in Fig. 46(a) and Fig. 46(e), the burned material of rice hulls is found to be a mixture of needle-shape
parts with a length of about 10 mm, and surrounding granular parts with a size of about 2 mm. In contrast, as seen in
Fig. 46(b), the burned material of rice hulls seems to have relatively long and large parts with a size of several tens of
mm or more. Furthermore, as seen in Fig. 46(c), the burned material of rice hulls seems to have relatively long needle-
shape parts with a size of several tens of mm or more linking with each other. In addition, as seen in Fig. 46(d), the
burned material of rice hulls also has porous parts.
[0270] Fig. 47 shows a chart indicating the test results of the conductivity test for the burned material of rice hulls and
burned material of rice bran, both were burned at a temperature of 3000 [˚C], and it corresponds to Fig. 6. The lateral
axis and vertical axis of Fig. 47(a) respectively represent the pressure [MPa] applied to the burned material of soybean
hulls and the specific volume resistivity [Ω·cm].
[0271] According to Fig. 47, the specific volume resistivity of the burned material of rice hulls can be evaluated as
equivalent to the specific volume resistivity of the burned material of rice bran. This is because there are almost no
components left behind other than carbon due to burning at a temperature of as high as 3000 [˚C].
[0272] When comparing Fig. 47 with Fig. 6(b), although both charts show the specific volume resistivity of the burned
material of rice hulls, it is confirmed that there is a change with a level of one decimal order in the specific volume
resistivity under pressure due to the difference in the burning temperatures. That is, it is found that the burned material
of rice hulls improves its conductivity when burned at a relatively high temperature.



EP 2 357 155 A1

23

5

10

15

20

25

30

35

40

45

50

55

[0273] Fig. 48 shows a chart of the pore size distribution curve in the gas desorption process for the burned material
of rice hulls that were not impregnated with a resol-type phenolic resin and were then burned at a temperature of 3000
[˚C] (hereinafter referred to as "RHC"), and corresponds to Fig. 42. Fig. 49 shows a chart of the pore size distribution
curve for RHC and corresponds to Fig. 43. In Fig. 48 and Fig. 49, the lateral axis and vertical axis respectively represent
the pore radius (Å) and the differential volume ((mL/g)/Å).
[0274] As shown in Fig. 48 and Fig. 49, a plurality of peaks appear in the differential volume at a specific pore radius.
Specifically, a small hysteresis is observed in the medium pressure range in the gas desorption process shown in Fig.
48. In addition, a sharp peak appears in the differential volume at a pore radius of approx. 11.0 Å and at a pore radius
of approx. 22.0Å.
[0275] In contrast, a peak appears in the differential volume at a pore radius of approx. 4.0 Å and at a pore radius of
approx. 5.3 Å in the gas adsorption process shown in Fig. 49. However, since both peaks are close to 5.0 Å, it can be
evaluated as the same as the case of showing a sole peak in the differential volume. In addition, in the gas desorption
process shown in Fig. 49, some gas adsorption is observed in the lower pressure range. See the chart in Fig. 48 and
Fig. 49 for the detailed measurement results.
[0276] Fig. 50 shows a chart of the pore size distribution curve in the gas desorption process for the burned material
of rice hulls that were impregnated with a resol-type phenolic resin and were then burned at a temperature of 3000 [˚C]
(hereinafter referred to as "RHSC"), and corresponds to Fig. 42. Fig. 51 shows a chart of the pore size distribution curve
in the gas adsorption process for RHSC and corresponds to Fig. 43.
[0277] In the gas desorption process shown in Fig. 50, it is observed that a peak appears in the differential volume
at a pore radius of approx. 12.0 Å and at a pore radius of approx. 21.0 Å. In addition, a small hysteresis is observed in
the medium pressure range in the gas desorption process shown in Fig. 50.
[0278] In contrast, in the gas adsorption process shown in Fig. 51, it is observed that a sole peak appears in the
differential volume at a pore radius of approx. 4.3 Å. In addition, in the gas desorption process shown in Fig. 51, some
gas adsorption is observed in the lower pressure range. See the chart in Fig. 50 and Fig. 51 for the detailed measurement
results.
[0279] Fig. 52 shows a chart of the pore size distribution curve in the gas desorption process for the burned material
of rice bran that was not impregnated with a resol-type phenolic resin and was then burned at a temperature of 3000
[˚C] (hereinafter referred to as "NRBC"), and corresponds to Fig. 42. Fig. 53 shows a chart of the pore size distribution
curve in the gas adsorption process for NRBC and corresponds to Fig. 43.
[0280] In the gas desorption process shown in Fig. 52, it is observed that a peak appears in the differential volume
at a pore radius of approx. 21.0 Å. In addition, a small hysteresis is observed in the medium pressure range in the gas
desorption process shown in Fig. 52.
[0281] In contrast, in the gas adsorption process shown in Fig. 53, it is observed that a peak appears in the differential
volume at a pore radius of approx. 4.0 Å and at a pore radius of approx. 5.1 Å. However, since both peaks are close to
5.0 Å, it can be evaluated as the same as the case of showing a sole peak in the differential volume. In addition, in the
gas desorption process shown in Fig. 53, some gas adsorption is observed in the lower pressure range. See the chart
in Fig. 52 and Fig. 53 for the detailed measurement results.
[0282] Fig. 54 shows a chart of the pore size distribution curve in the gas desorption process for the burned material
of rice bran that was not impregnated with a resol-type phenolic resin and was then burned at a temperature of 3000
[˚C] (hereinafter referred to as "NRBC"), and corresponds to Fig. 42. Fig. 55 shows a chart of the pore size distribution
curve in the gas adsorption process for NRBC and corresponds to Fig. 43.
[0283] In Fig. 54, it is observed that a plurality of small peaks appear in the differential volume in a relatively wide
range of pore radius value. In other words, you may say that the pore size distribution curve is broad. In addition, no
hysteresis is observed in the gas desorption process shown in Fig. 54.
[0284] In contrast, in the gas adsorption process shown in Fig. 55, it is observed that a sole peak appears in the
differential volume at a pore radius of approx. 5.4 Å. In addition, no hysteresis is observed also in the gas desorption
process shown in Fig. 55. See the chart in Fig. 54 and Fig. 55 for the detailed measurement results.
[0285] Table 1 summarizes the measurement results in the gas desorption process and gas adsorption process
including the measurement results shown in
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[0286] Hereinafter, each measurement result shown in Fig. 48 - Fig. 55 and Table 1 will be examined. First, as shown
in Table 1, all of four measuring objects had gone through almost the same number of gas desorption processes. The
time required for the desorption processes is presumed to be about 2 - 3 hours. Therefore, the difference in the meas-
urement time shown in Table 1 is considered to be a difference required for the adsorption processes.
[0287] However, there seems to be hardly any correlation between the number of adsorption processes and the
measurement time. That is, each measurement object seems to have a different time to reach the adsorption equilibrium
that completes one adsorption process.
[0288] In addition, for RHSC, the measurement time was approx. 12 hours for approx. 1 g of sample weight as shown
in Table 1. In the case of the adsorption process of soybean hulls, the measurement time was approx. 11 hours for
approx. 1 g of sample weight. Thus, in consideration of this aspect, it can be said that the measurement result of RHSC
is similar to the measurement result of the adsorption process of soybean hulls.
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[0289] For the measuring objects other than RHSC, the measurement time was approx. 17.5 hours or more for approx.
1 g of sample weight, and thus in consideration of this aspect, it cannot be said that each measurement result is similar
to the measurement result of the adsorption process of soybean hulls. In particular, NRBC with the number of adsorptions
of as small as 23 times took a considerably long time to reach a single equilibrium, and the entire measurement time
resulted in approx. 26 hours, that was, over a day.
[0290] As above, the behavior of slow-going nitrogen adsorption such as taking a long time to reach adsorption
equilibrium in spite of the small specific surface area is not a behavior seen in activated carbon, and it is rather a behavior
typical for charcoal. That is, NRBC is presumed to have a surface structure and surface property similar to those of
charcoal in comparison with the other 3 types of burned products.
[0291] Here, the background technology etc. of the anti-static material using rice bran or rice hulls is described. The
burned material of rice hulls etc. can be substitute for carbon materials such as carbon black. Furthermore, in the case
of anti-static material, using the burned material of rice hulls advantageously makes it easier to control the specific
volume resistivity rather than using carbon black.
[0292] Fig. 23 shows a chart indicating the relationship between the combination ratio of the anti-static material using
the burned material of rice hulls and the anti-static material using carbon black (GPF-HS) and the specific volume
resistivity thereof. As shown in Fig 23, both anti-static materials reduce the specific volume resistivity as the carbon
blending ratio increases. However, in the case of the anti-static material using the burned material of rice hulls, the
reduction in the specific volume resistivity is gentler than that in the specific volume resistivity of the anti-static material
using carbon black.
[0293] The anti-static material is generally required to have a specific volume resistivity of 1x104 [Ω·cm]- 1x108 [Ω·cm].
In order to obtain this specific volume resistivity, the anti-static material using a general carbon material needs to set
the blending ratio of the carbon material to a relatively narrow range between 62 [phr] - 82 [phr], while it is very difficult
for a general carbon material to obtain this specific volume resistivity due to the occurrence of percolation phenomenon.
[0294] In particular, jigs etc., for example, used for testing semiconductors are required to have a specific volume
resistivity of 1x107 [Ω·cm]- 1x108 [Ω·cm], and thus it is almost impossible to realize this specific volume resistivity by
adjusting the blending ratio of the carbon material.
[0295] In order to handle this, when producing anti-static materials using a general carbon material, cumbersome
tasks have been forced such as reducing the difficulty of controlling the specific volume resistivity by using 2 or more
types of carbon materials, or closely measuring the specific volume resistivity even after the production of the anti-static
material.
[0296] In particular, although there is a conductive resin roll as an application of the anti-static material using a general
carbon material, there have been problems of causing a contamination to the other material and reducing the strength
of the anti-static material due to escape of the carbon component in the resin roll when the combination ratio of the
carbon material increases.
[0297] In contrast to this, the anti-static material using the burned material of rice hulls has a property of changing the
specific volume resistivity gently in accordance with the blending ratio of the burned material of rice hulls, and thus the
specific volume resistivity can be easily controlled without requiring cumbersome tasks as explained above. Specifically,
in order to obtain a specific volume resistivity of 1x104 [Ω· cm] - 1x108 [Ω·cm], the anti-static material using the burned
material of rice hulls simply needs to set the blending ratio of the carbon material to a relatively wide range of 174 [phr]
- 276 [phr].
[0298] In addition, since the burned material of rice hulls etc. also changes its conductivity in accordance with the
burning temperature and median diameter, the anti-static material using the burned material of rice hulls can easily
control the surface resistivity in a relatively wide range. Thus, the anti-static material using the burned material of rice
hulls can be used as conductive filler that allows controlling a wide range of conductivity.
[0299] To date, the applicants of the present invention have produced carbon powder that takes advantage of the
porous structure of rice hulls and have studied its utilization as an industrial material for the purpose of recycling and
secondary utilization of agricultural waste. Since the burned material of rice hulls is produced by the impregnation of
phenol resin, a porous strength is maintained by glassy carbon.
[0300] In other words, the burned material itself of rice hulls does not have strength, however, when it is mixed with
phenol resin, the hard carbon originated from the phenol resin reinforces the strength of the burned material of rice hulls,
and thus the mechanical strength of the anti-static material will not be impaired. In addition, since some applications do
not require strength, the impregnation of phenol resin is unnecessary.
[0301] Next, the method for producing the anti-static material using the burned material of rice hulls is described. First,
25 parts by weight of resol-type phenolic resin (for example, Phenolite ST-611-LV produced by Dainippon Ink and
Chemicals, Inc.) are blended with 75 parts by weight of raw rice hulls, and are dried for hardening. Next, this mixture is
burned at 900 [˚C]. As an example, this embodiment took approx. 4 hours for the temperature increase from a room
temperature to 850 [˚C] in a nitrogen atmosphere, and took approx. 25 min to 900 [˚C], and then maintained for approx.
5 hours at 900 [˚C].
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[0302] After the above burning, said burned material may be naturally cooled down, or may be actively cooled down.
In this way, the mixture is carbonized. Subsequently, grinding and sieving processes are performed in the same procedure
as those of Embodiment 1. It is better to grind rice hulls to 3 mm or below prior to blending with a resin so as to facilitate
the permeation of the resin. Next, similar to Embodiment 1, the mixture after the sieving process is kneaded with ethylene
propylene diene rubber to produce an anti-static material.
[0303] Various applications are considered for the burned plant material of each embodiment described above. Typ-
ically, those using carbon such as carbon black as a raw material can be applied to any products.
[0304] In the electrical and electronic fields, wafer carrier, wafer cassette, tote-bin, wafer boat, IC chip tray, IC chip
carrier, IC carrier tube. IC card, tape and reel packing, liquid crystal cassette, various cases, storage tray, storage bin,
carrier device parts, magnetic card reader, connector, computer slot, HD carrier, MR head carrier, GMR head carrier,
HSA carrier, HDD VCM, and liquid crystal panel carrier are some of the examples.
[0305] In addition, in the field of OA equipment, charging member such as charging roll, charging belt, anti-static belt,
transfer roll, transfer belt and developing roll in an image-forming apparatus such as electrophotographic copier and
electrostatic recording apparatus, transfer drum for recording apparatus, printed-circuit board cassette, bush, paper and
bill carrier parts, paper feed rail, font cartridge, ink ribbon canister, guide pin, tray, roller, gear, sprocket, computer
housing, modem housing, motor housing, CD-ROM housing, printer housing, connector, and computer slot are some
of the examples.
[0306] Furthermore, in the field of communication equipment, mobile phone parts, PDA parts, and mobile computer
parts are some of the examples.
[0307] In the field of automotive, interior material, under hood, housing for electrical and electronic equipment, gas
tank cap, fuel filter, fuel line connector, fuel line clip, fuel tank, door handle and various parts are some of the examples.
[0308] In other fields, electric wire and power cable covering material, electric wire support, radio wave absorber, floor
material, carpet, insect deterrent sheet, pallet, shoe, shoe sole, tape, brush, blower fan, sheet heating element, radiator
and heat shielding material are some of the examples.
[0309] When using the burned plant material according to the embodiments of the present invention for a coaxial
cable as an example of electric wire and power cable covering materials, the following advantages are particularly
gained. That is, coaxial cables are used for connection between television set and antenna, connection between radio
set and antenna, connection of measurement instruments, transmission of audio and video signals, and various wirings
inside automotive, etc.
[0310] A coaxial cables is composed of 4 layers including an inner conductor to transmit signals, an outer conductor
that functions as a shielding material to cover the inner conductor, an insulator for preventing short-circuit between the
inner conductor and outer conductor, and a sheath to cover the outer conductor. Since a coaxial cable comprises an
outer conductor, it can suppress the effect of electromagnetic wave from the inner conductor to the outside or from the
outside to the inner conductor. In addition, it is flexible, and thus it has a characteristic of allowing bending to some extent.
[0311] Since the burned plant material has a shielding function as explained above, the outer conductor is no more
required if it is kneaded into the sheath. Despite that, the shielding property and flexibility of the conventional shielding
wire can be realized.
[0312] As a result of this, cut-down in material costs by reducing the number of parts, cut-down in production costs
by facilitating production, and down-sizing and weight reduction of the shielding wire by reducing the number of parts
can be advantageously achieved. In particular, since the burned material of soybean hulls has a higher electromagnetic
shielding capability in radio frequency band, it is useful for radio noise suppression when it is used as a covering material
for the wires used inside automotive.

BRIEF DESCRIPTION OF THE DRAWINGS

[0313]

Fig. 1 shows charts indicating the measurement results of the electromagnetic shielding characteristics of the
electrically conductive composition of this embodiment.
Fig. 2 shows a schematic production process diagram of the electrically conductive composition of this embodiment.
Fig. 3 shows charts indicating the results of component analysis based on the ZAF quantitative analysis method for
soybean hulls etc. before and after burning.
Fig. 4 shows SEM pictures indicating the result of the tissue observation of "raw soybean hull".
Fig. 5 shows SEM pictures indicating the result of the tissue observation of the "burned material of soybean hull".
Fig. 6 shows charts indicating the test results of the conductivity test regarding the "burned material of soybean hulls".
Fig. 7 shows a chart indicating the relationship between the burning temperature for soybean hulls and the specific
volume resistivity.
Fig. 8 shows a chart indicating the relationship between the content ratio of the burned material of soybean hulls
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and the specific volume resistivity.
Fig. 9 shows charts indicating the measurement results of the "surface resistivity" of the electrically conductive
composition of the test object.
Fig. 10 shows a chart indicting the electromagnetic wave absorption characteristics of the "electrically conductive
composition".
Fig. 11 shows a chart indicting the electromagnetic wave absorption characteristics of the "electrically conductive
composition".
Fig. 12 shows a chart indicting the electromagnetic wave absorption characteristics of the "electrically conductive
composition".
Fig. 13 shows a chart indicting the electromagnetic wave absorption characteristics of the "electrically conductive
composition".
Fig. 14 shows a chart indicting the electromagnetic wave absorption characteristics of the "electrically conductive
composition".
Fig. 15 shows a chart indicating the relationship between frequency and electromagnetic wave absorption charac-
teristics corresponding to Fig. 13.
Fig. 16 shows a chart indicating the relationship between frequency and electromagnetic wave absorption charac-
teristics corresponding to Fig. 14.
Fig. 17 shows a chart indicating the relationship between frequency and electromagnetic wave absorption in the
case that low density polyethylene is used for the base material to be blended with the burned material of soybean
hulls.
Fig. 18 shows a chart indicating the relationship between frequency and electromagnetic wave absorption in the
case that low density polyethylene is used for the base material to be blended with the burned material of soybean
hulls.
Fig. 19 shows a chart indicating the relationship between frequency and electromagnetic wave absorption charac-
teristics of the electromagnetic shielding member using the burned material of rice hulls.
Fig. 20 shows a chart indicating the relationship between frequency and electromagnetic wave absorption charac-
teristics of the electromagnetic shielding member using the burned material of rice hulls.
Fig. 21 shows a chart, wherein the frequency conditions for the electromagnetic shielding member shown in Fig.
19 and Fig. 20 have been changed.
Fig. 22 shows a chart, wherein the frequency conditions for the electromagnetic shielding member shown in Fig.
19 and Fig. 20 have been changed.
Fig. 23 shows a chart indicating the relationship between the combination ratio of the anti-static material using the
burned material of rice hulls and the anti-static material using carbon black and the specific volume resistivity thereof.
Fig. 24 shows a chart indicating the measurement results of the electromagnetic shielding characteristics shown in
Fig. 1 with an expanded measurement range.
Fig. 25 shows charts indicating the measurement results of the electromagnetic shielding characteristics of the
burned materials of rapeseed meal, sesame meal, cotton seed meal and cotton hulls.
Fig. 26 show charts indicating the measurement results of the electromagnetic shielding characteristics when the
production conditions etc. for the burned material of soybean hulls have been changed.
Fig. 27 shows a chart of the pore size distribution curve in the gas adsorption process for the burned material of
soybean hulls burned at a temperature of 900 [˚C].
Fig. 28 shows charts indicating the result of the component analysis based on the organic element analysis method
corresponding to Fig. 3.
Fig. 29 shows SEM pictures of the "burned material of soybean hull".
Fig. 30 shows SEM pictures of the "burned material of soybean hulls" according to Fig 29 at a magnification of
20,000 and 50,000 respectively.
Fig. 31 shows a chart indicating the test results of the conductivity test regarding the burned materials of cotton
hulls, sesame meal, rapeseed meal and cotton seed meal.
Fig. 32 shows a chart indicating the test results of the conductivity test regarding the burned material of soybean
hulls, wherein the burning furnace and burning temperature were changed.
Fig. 33 shows a chart indicating the test results of the conductivity test regarding the burned material of soybean
hulls, wherein the burning temperature etc. was changed.
Fig. 34 shows a chart indicating the relationship between the content ratio of the burned material of cotton hulls,
sesame meal, rapeseed meal or cotton seed meal, and the specific volume resistivity.
Fig. 35 shows charts indicating the measurement results of the specific volume resistivity and surface resistivity of
the electrically conductive composition formed by the burned materials of rapeseed meal, sesame meal, cotton
seed meal and cotton hulls.
Fig. 36 shows charts indicating the measurement results of the specific volume resistivity and surface resistivity of
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the electrically conductive composition formed by the burned material of soybean hulls.
Fig. 37 shows charts indicating the electromagnetic wave absorption characteristics of the electrically conductive
composition formed by the burned materials of rapeseed meal, sesame meal, cotton seed meal and cotton hulls.
Fig. 38 shows charts indicating the electromagnetic wave absorption characteristics regarding the burned material
of soybean hulls, wherein the burning temperature etc. was changed.
Fig. 39 shows charts indicating the electromagnetic wave absorption characteristics of the electrically conductive
composition formed by the burned materials of rapeseed meal, sesame meal, cotton seed meal and cotton hulls.
Fig. 40 shows charts indicating the electromagnetic wave absorption characteristics regarding the burned material
of soybean hulls, wherein the burning temperature etc. was changed.
Fig. 41 shows a chart of the pore size distribution curve in the gas adsorption process for the burned material of
soybean hulls burned at a temperature of 1500 [˚C].
Fig. 42 shows a chart of the pore size distribution curve in the gas desorption process for the burned material of
soybean hulls burned at a temperature of 3000 [˚C].
Fig. 43 shows a chart of the pore size distribution curve in the gas adsorption process for the burned material of
soybean hulls burned at a temperature of 3000 [˚C].
Fig. 44 shows a chart indicating the specific volume resistivity regarding the burned material of soybean hulls,
wherein the burning temperature etc. was changed.
Fig. 45 shows a chart indicating the measurement results of the electromagnetic shielding characteristics of the
electrically conductive composition of this embodiment.
Fig. 46 shows SEM pictures of the burned material of rice hulls burned at a temperature of 3000 [˚C].
Fig. 47 shows a chart indicating the test results of the conductivity test for the burned material of rice hulls and
burned material of rice bran, both were burned at a temperature of 3000 [˚C].
Fig. 48 shows a chart of the pore size distribution curve in the gas desorption process for RHC.
Fig. 49 shows a chart of the pore size distribution curve in the gas adsorption process for RHC.
Fig. 50 shows a chart of the pore size distribution curve in the gas desorption process for RHSC.
Fig. 51 shows a chart of the pore size distribution curve in the gas adsorption process for RHSC.
Fig. 52 shows a chart of the pore size distribution curve in the gas desorption process for RBC.
Fig. 53 shows a chart of the pore size distribution curve in the gas adsorption process for RBC.
Fig. 54 shows a chart of the pore size distribution curve in the gas desorption process for NRBC.
Fig. 55 shows a chart of the pore size distribution curve in the gas adsorption process for NRBC.

Claims

1. A burned plant material formed by adjusting any of the carbon content, burning temperature and median diameter.

2. The burned plant material as claimed in Claim 1 comprising a burned material of cereals.

3. The burned plant material as claimed in Claim 1 comprising a burned material of soybean hulls, rapeseed meal,
sesame meal, cotton seed meal or cotton hulls.

4. The burned plant material as claimed in Claim 1 comprising a burned material of rice hulls or rice bran.

5. The burned plant material as claimed in Claim 1, wherein the burned and carbonized plant material is ground and
sieved to give a median diameter of approx. 80 mm or below.

6. An electromagnetic shielding member comprising the burned plant material as claimed in Claim 1.

7. The electromagnetic shielding member as claimed in Claim 6, wherein the content ratio of the burned plant material
is determined according to the frequency band of the electromagnetic waves to be shielded.

8. The electromagnetic shielding member as claimed in Claim 6, wherein the content ratio of the burned plant material
is 150 [phr] or above.

9. The electromagnetic shielding member as claimed in Claim 6, wherein the burned plant material is contained so
that the electromagnetic shielding effectiveness is 20 [dB] or more in the frequency band of 1000 [MHz] and below.

10. The electromagnetic shielding member as claimed in Claim 6, wherein the burned plant material is contained so
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that the electromagnetic wave absorption is 20 [dB] or more in the frequency band of 4200 [MHz] - 8500 [MHz].

11. The electromagnetic shielding member as claimed in Claim 6, wherein the burned plant material is contained so
that the electromagnetic wave absorption is 20 [dB] or more in the frequency band of 6800 [MHz] and above.

12. An electrically conductive composition formed by compressing and molding a mixture of the burned plant material
as claimed in Claim 1 and a base material, wherein
the burned plant material is a burned plant material produced by adjusting any of the carbon content, burning
temperature and median diameter, and is blended 100 [phr] or more against the base material, and
the burning temperature is 700 [˚C] or higher, and the median diameter is 1 mm or more.

13. An electronic appliance comprising the electromagnetic shielding member as claimed in Claim 6.

14. An inspection apparatus for the electronic appliance comprising the electromagnetic shielding member as claimed
in Claim 6.

15. A building material comprising the electromagnetic shielding member as claimed in Claim 6.

16. A covering material comprising the electromagnetic shielding member as claimed in Claim 6.

17. An anti-static material comprising the electromagnetic shielding member as claimed in Claim 6.
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