7 July 2004 RADI O WAVE ABSORBER COWPCSI TI ON TECHNI CAL FI ELD Thi s i nvention
relates to a radi o wave absorber which is widely used for shipping,

ai rplanes, etc. 5 and, nore particularly, it relates to a %oggg§i%6&p of a
radi o wave absorber of a single layer type which is applied or placed on a
reflector made of netal or the |ike. BACKGROUND OF THE | NVENTION 10 In
recent years, studies for utilization of radio wave of a m crowave range
and a mllimetric wave range have been briskly carried out in various
fields and, as a result, radi o wave absorbers for prevention of

el ectronmagnetic interf ereer himes bassosgee! vomsodbrpyR! i ¢ attention. Anpng
them wavel ength of radio wave of a mllinetric wave range is particularly

as very shortTECHNIG@RDUFIREBO mm and, therefore, in the so-called
"absorption of matching type" where radio wave is 20 absorbed by an
absor ber pl aced orfhie Enwémcionfralates| totarrather wakasabeenbar
requi rement that thickness of the radi o wave absorber matching such radio
wave is to Weleghdésiwhdedy tsed. £/urshdppinger eilrpdabeen atdi.l emma in the
radio 25 wave_absorber compositions up to now that the radio
5 and, more particularily, it relates to a composition of
a2 radio wave absorber of a single layer type which is
applied or placed on a reflector made of metal or the
like. | |
BACKGROUND OF THE INVENTiON
19 In recent years, studies for utilization of
radio wave of a microwave range and a millimetric wave
range have been briskly carried out in various fields
and, as a result, radio wave absorbers for prevention
of electromagnetic interference.have been receiving
15 public attention.

Among them, wavelength of radio wave éf a
millimetric wave range is particularly as very short
as about 1-10 mm and, therefore, in the so-called
"absorption of matching type” where radio wave is

20 absorbed by an absorber placed on the surface of a
reflector, there has been a requirement that thickness
of the radio wave absorber matching such radio wave is
to be made 1 mm or less.

Further, there has been a dilemma in the radio

25 wave absorber compositions up to now that the radio



-1 7 July 2004 wave absorber having a thickness of sone extent is
necessary when the radi o wave absorbing property for a broad range of
radio wave is to be achieved while, when thickness of the radiuaywaoes 5
absorber is to be made thin, radi o wave absorbing property for a broad
range is not available. DI SCLOSURE OF THE | NVENTI ON I n accordance with one
aspect of the present invention, there is provided a conposition for
absorption of 10 radi o wave where an el ectroconductive titanium oxide is

conpoundegéwd bsersebHaahng. aAthDBheds ofFf Ebhe dteit iieNnbsetaly Qhede a
conposition of a radi o wave absorber which is able to efficiently absorb

t he radi chesaveddd wabs chdorbhge promspitiye fob & hHerdattranbat of IMadito wava radi o
wave absorber having a thin thickness. A gist of the radi o wave absorber
conposi t iien tof be hhchidvedewhi ba, iviarhghigknese o dbendadio vieatd t ani um oxi de
is conpounded with a substrate for achieving the above-nentioned object.
20 13 i s 35FOFBRE et tHatke RadeokBdndradia aEve ebsprbingHeNererint ifomed

el ectroconductive titani umoxide to 100 parts by weight of the substrate
is 5-40 lqgé B9 e Th o av#tidl& so preferred that an el ectroconductive

car bon bl ' ' anount of fromnore than O part by wei ght

to not n&gg%%hgﬁﬁgng%%%$&§vg@T&@$ght to 100 parts by weight of the

substrate. In accordance with one aspect of the present
invention, there is provided a composition for absorption of

10 radio wave where an electroconductive titanium oxide is
compounded with a substrate.

An object of this invention is to provide a
composition of a radio wave absorber which is able to efficiently
absorb the radioc wave of a broad range in spite of the fact that

15 it is a radio wave absorber having a thin thickness.

A gist of the radio wave absorber composition of this
invention is that an electroconductive titanium oxide is
compounded with a substrate for achieving the above-mentioned
object.

20 It is preferred that the compounding ratio of the
above-mentioned electroconductive titanium oxide to 100 parts by
weight of the substrate is 5-40 parts by weight and it is also
preferred that an electroconductive carbon black is compounded
in an amount of from more than 0 part by weight to not more than 4

25 parts by weight to 100 parts by weight of the substrate.

The radio wave absorber composition of this



The radi o wave absorber conposition of this 7 July 2004 invention is
constituted as nentioned above and, when it is applied or placed on a
reflector made of metal or the like, it is possible that g padio,yave
absorber corresponding to any frequency of a mcrowave range 5 and a
mllimetric wave range is prepared depending upon the changes in its
thickness and it is also possible that radio wave of a broad range can be
efficiently absorbed in spite of the radio wave absorber having a thin

t hi ckness. 10 BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1 is a graph show ng

th It of t_of | | at ittivity of le of
an epoxy resHAVBBRLAR HoaCOBPARELS AR PRNSLOPRUCAPPSR. 208 FWGe s

anot her graph,.s ] he res f sur nt of ¢ I relgtive

per ni t_ti\g/i tS_EEf ngaggjﬁ%ﬁg 8F §%58_§8x9“?§s?ﬁ%§§3%8% H‘agggé’%égﬁ?& i th this
| nvention. Fhg. tHel $1Re9" 30N 1 SNBALRYILERE thTULL -0k 80,GYA! Yaklamed radio
absor bi ng property o% a-.coating  nmateri al accorglng to an exanple of this
invention. Ebfgredpbfiddng’ @BhadhovhBgubhey’ 82Ukt mebrevakeatharkeof radio

absorbing property of a coating™ material according to anot her exanpl e of
this 5 and a millimetric wave range is prepared depending
upon the changes in its thickness and it is also
possible that radio wave of a broad range can be
efficiently absorbed in spite of the radio wave
absorber_having a thin thickness.

10 BRIEF¥ DESCRIPTION OF THE DRAWINGS

Fig. 1 1s a graph showing the result of
measurement of coﬁplex relative permittivity of a
sample of an epoxy resin board in accordanceiwith this
invention.

15 Fig. 2 is another graph showing the result of
measurement of complex relative permittivity of a
sample of an epoxy resin board in accordance with this
invention.

Fig. 3 is a graph showing the result of

20 evaluation of radio absorbing property of a coating
material according to an example of this invention.

Fig. 4 is a graph showing the result of
evaluation of radio absorbing property of a coating

material according to another example of this

25 invention.



25 invention. 3 7 July 2004 BEST MODE FOR CARRYI NG QUT THE | NVENTI ON As
her eunder, enbodi nments of this invention will be illustrated in detail by
referring to the drawings. The radio wave absorber conpositign, 0f,this 5
invention is prepared by conpoundi ng an el ectroconductive t 'tahi um oxi de
and, if desired, an el ectroconductive carbon black with a substrate. Wth
regard to the substrate, a material which is selected from for exanple,
thernoplastic resin, 10 thernosetting resin, various kinds of rubbers and
el astonmer is used. Particularly, a thernosetting resinis able to easily

2 vt ect or Prat MR BoR EARRUING ek ARVREIQL o Ts ot & radios
thve obrorver e RECHEFRLARR eiboBitis S ISR o
e g oh EAB R Rt P RN Sy, RSP £t Sl AR o O
pol ybutyl ene terepphBakaheo fave Hbsodbarl RengRfsitWd Jdaq;d to the
thernosetting resin, it is appropriately selécted from for exanple, epoxy
restn, 5 invention is prepared by compounding an .
electroconductive titanium oxide and, if desired, an
electroconductive carbon black with a substrate.
‘With regard to the substrate, a material which
is selected from, for example, thermoplastic resin,
10 thermosetting resin, various kinds of rubbers and
elastomer is used. Particularly, a thermosetting
resin is able to easily constitute a radio wave
absorber having a desired thickness by applying on a
reflector followed by setting even when the reflector
15 for a radio wave absorber has projections.
With regard to the above-mentioned thermoplastic
resin, it is possible to use, for example, polyolefin
resin such as polyethylene and polypropylene;
polyamide resin such as Nylon 6 and Nylon 66;
20 polyester resin such as polyethylene terephthalate and
polybutylene terephthalate; or a mixture thereof.
With regard to the thermosetting resin, it is
appropriately selected from, for example, epoxy resin,
bolyurethane resin, polyester resin and phenol resin.

25 With regard to a setting agent, that which is commonly



pol yur et hane resin, polyester resin and phenol resin. 25 Wth regard to a

setting agent, that which is commonly 4 7 July 2004 use

d is used and,

therefore, there is no particular limtation for its type-ﬁgg%gugggity.
t

ere the

The above-nenti oned el ectroconductive titanium oxide is tha
surface of titaniumoxide 5 conprising spherical
or needle crystals of arutile type is coated with an

| ayer such as Sn02/Sb | ayer. This electroconductive titani um oxide
di spersed in a substrate to make the permttivity of the said 10 '

substrate hi | B saddi.lgi t e Rl £4Y ive
titaniunloxiggeﬁagsaﬁgggbgpd Qﬁe&%gﬁ%e Qb'gghﬁgngb %%?%ﬁqu%

I'ént” physi cal a

has an excellipita@hsneEshDiilist ¥ypacaneoupanrded Wi th a substrate.

regard to the above-nentioned carbon bl ac

acetyl ene bl ack, funaaaaovbLmehtaaﬂeﬁeéﬂ@abka@bndﬁakheab%&@adﬁ%m

particularly preferred. The el ectroconductive carbon black is

crystals of arutile type
el ectroconducti ve

is

y and al so

15 Wth

there may be exenplified

di spersed

in a substrapside as thatakbetree the pamrfiick vift tidfntiem suidesubstrate

hi gh. The conpoundi ng anount of the el ectroconductive

t he eIec?roc§ﬁ@9€@5i§gcapbgmlbaécErystals of a rutile type or

10

15

20

25

peedle crystals of a rutile type is coated with an
electroconductive layer such as 5n0;/Sb layer. This
electroconductive titanigm oxide.is dispersed in a
substrate to make the permitfivity of the said
substrate ﬁigh. In addition, the above-mentioned
electroconductive titanium oxide haé an excellent
physical and chemical stability and also has an
excellent dispersibility when compounded with a
substrate.

With regard to the above-mentioned carbon black,
there may be exemplified acetylene black, fgrnace
black and Ketjenblack. Ketjenblack is particularly
preferred. The electroconductive carbon black is
dispersed in a substrate so as to make the
permittivity of the said substrate high.

The compounding amount of the electroconductive
titanium oxide and the electroconductive carbon black
for achieving the most ideal radio wave absorbing
property is determined by frequency of the radio wave

and also by complex relative permittivity of the

titani um oxi de and



for achieving the nost ideal radio wave absorbing property is determ ned
by frequency of the radio wave 25 and al so by conplex relative permttivity
of the 5 7 July 2004 absorber correspondi ng thereto. That Wibhlge2004
illustrated on the basis of an "~ experinment. Thus, epoxy resin and a setting
agent were used as a substrate, then an el ectroconductive 5 titani um oxide
and an el ectroconductive carbon black in six types of weight ratios to 100
parts by weight. of the substrate as shown in Table 1 were added thereto
as fillers followed by stirring, the mxture was flown into a container to

tn b d 10 | | 1-6 f 150 150 2
(1t ckneas) SRHCERBF: CEGRBFERPABNG, LVBXBHN (1ivi tics | i 50-110 Gz
I f incid : : a[o P t f I
Larative porm it aney VRETTRE EnthEteaRkalofUERY' bR, BRRR Bh (1T

apparat us, 1 agbarWRUg AN fhul ! A050kY SrbOen SR 8 sbfiH) gg&g@ to an

i npedance measurenent by a vector Tnetwork analyzer eb) conpl ex
rel ative pegBickt gy abSaCauguhabed, Then asullcctrotWaddtive 9-1. 20

The curve shown by a dotted line in Fig. 1 is a non-reflective curve
expressi g atdtapiem oelidei wad an electroconductive carbon black

in six types of weight ratios to 100 parts by weight

of the substrate as shown in Table 1 were added

thereto as.fillers followed by stirring, the mixture

was flown into a container to prepare a resin board

10 samples (samples 1-6) of 150 mm x 150 mm x 2 mm
(thickness) and their complex relative permittivities
at 50-110 GHz (angle of incidence: 0°) were measured
by a measuring apparatus for complex relative
permiftivity in free space manufactured by VHS. In

15 this apparatus, radio wave which transmits the samﬁle
is subjected to an impedance.measurement by’a vector
network anaiyzer whereby a complex relative
permittivity is calculated. The result is shown in
Fig.1l.

20 The curve shown by a dotted line in Fig. 1 is a
non-reflective curve expressing a complex relative
permittivity requested for a material which is to be
non-reflective and it shows that, when a material
where a complex relative permittivity is preset on the

25 non-reflective curve is used, the most ideal radio



permttivity requested for a material which is to be non-reflective and it
shows that, when a nmaterial where a conplex relative permttivity is
preset on the 25 non-reflective curve is used, the nost idqﬂvaQdﬁébJS 7
July 2004 wave absorber can be obtained. It is also possible that, on the
non-reflective curve, ratio (d/?) of the wavelength X (m”m) to the sanple
thickness d (mm) is plotted and the value of 5 d/? is determ ned by the
conplex relative permttivity of the sanple. Accordingly, it is possible
to determne the thickness of the radi o wave absorber dependi ng upon

Egﬁﬁrgéfgg??§%8%28§??6§ E%%%¥$E%gﬁ%%%$¥%%hfiSgnrﬁglgk%decarbon Bl ack 1200
2201 3202 4301 5324.6100,768MbR8 1698 thatl, BhOtnd nbliefedlaQeisng facts
curve, ratio (d/A) of the wavelength A (mm) to the
sample thickness @ (mm) is plotted and the value of
5 d/A is determined by the complex relative permittivity
of the sample. Accordingly, it is possible to
determine the thickness of the radio wave absorber

depending upon the wavelength of the objéctive

wavelength.
10 Table 1
Sample E%ectrocond?ctive Electroconductive
Titanium Oxide - Carbon Black

1 20 0
2 20 1
3 20 2
4 30 1
5 32 1
6 10 0

From the result of Fig. 1, the following facts
have been found.
(1) When the samples 1, 2 and 3 are compared,

15 both real and imaginary parts of the complex relative
permittivity increase when the adding amount of the
electroconductive carbon black is increased and the
ratio is bigger in the real part. Accordingly, when a

small amount of the electrocondﬁctive carbon black is



have been found. (1) Wen the sanples 1, 2 and 3 are conpared, 15 both
real and imaginary parts of the conplex relative permttivity increase
when the addi ng anount of the el ectroconductive carbon bI@cguh§ b eased
and the ratio is bigger in the real part. Accordingly, when a ~sm
amount of the el ectroconductive carbon black is 7 7 July 2004 added, it
cones nearer the side where (d/k) on the non-reflective curve becones
smal | er whereby a thinner absorber can be prepared. It has been known
that, when the adding anobunt of the el ectroconductive carbon 5 black is
further incregged, there is an increase of the ratio,where the inmaginary
part increas@9dep) it CPMESSARBIEY Lthgngife Whereodf/d) Pl ibeve
permttivity_ js_ -reflecti curve and.that.is .a conpqundi ng havi ng
Bn i deal  abeBPB; %éf%%‘%%eV?yFU%EE?%ge. 2RI FER PR YESKSPY & TPHENEL: o (d/ A)
of thicknes o{,he el epgt f r wavel ength is
about 0.09 M§B$QB§Q§ ?ﬁ?nﬁgagggggggﬁéanfgeﬁ%ge%%€§d53?§§ Fﬁggach of the
sanpl es, theyaeAPtRY h&h&hbYEmokAtPBENthk \éub&t%@eaaﬁcg k! ¥arBoparal | el
nd,

to the non- reflective curve together with frequency a therefore, it is
possi bl es5t o pL&PRI £safudbheFbehcreased, there is an increase of
the ratio where the imaginary part increases.
(2) In the samples 5 and 6, the complex relative
permittivity is on a non-reflective curve aﬁd that is
a compounding having an ideal absorbing property.

10 Especially in the sample 5, the ratio (d/A) of
‘thickness of the absorber td wavelength of the
absorbed wavelength is about 0.09 whereby a thin
absbrber can be prepared.

(3) In each of the samples, the complex relative

15 permittivity changes nearly in parallel to the non-
reflective curve together with frequency ana,
therefore, it is possible to prepare an absorber
corresponding to any frequency of 50-110 GHz by a mere
change of thickness without changing the compounding.

20 From the above results, the sample 5 which is
most suitable for the object of this invention waé
selected and a complex relative permittivity at 5-50
GHz was measured as same as above by expanding the

frequency range to a microwave. range and the result is

25 shown in Fig. 2 together with the above-mentioned



corresponding to any frequency of 50-110 GHz by a nere change of thickness
wi t hout changi ng t he conpoundi ng. 20 Fromthe above results, the sanple 5
which is nost suitable for the object of this invention was ;3¢ £6§£d and
a conplex relative permttivity at 5-50 GHz was neasured as sane as above
by expanding the frequency range to a mcrowave, range and the result is
25 shown in Fig. 2 together with the above-nentioned 8 7 July 2004 results.
As a result, it was confirned that the conplex relative permttivity of the
sanple 5 was al nost close to the non-reflective curve even at the
frequency 5 E%@%ﬁ Qf 5-50 GHz and that the conposition of the sanple 5
efficiently absorbéd the radio wave of mcrowave and mlli-netric wave

ranges. Fromthe aQQVE’rEEHQtGOE?°§EEi%Bn%ﬁfhgﬁ i Eotﬁgp%ﬁﬁﬁggggber, it is

preferred that the conpoundi ng 0 anount of the el'ectrocon I've titani um

oxi de to 100:@@@&&&@@%@1@&9& ?£S ¥ 'Rl lles wHS RAMesPYc1d& ght or,
preferably, 10-35 parts by weight and that the conpoundi ng anbunt of the

el ectrocondugbi tieC abhoherhleath vieo cl@@eparien Rit Weid)Hrfuddiy, substrate is
from 15 nore than O part by weight to not nore than 4 parts by weight
whil e thé vareageooff dcHor GHay anide thyte thie tdomposition of the
sample 5 efficiently absorbed the radio wave of
microwave and millimetric wave ranges.
From the above, in a composition of the radio
wave absorber, it is preferred that the compoﬁnding
10 amount of the electroconductive titanjium oxide to 100
parts bf weight of the substrate is 5-40 parts by
weight or, preferably, 10-35 parts by weight and that
the compounding amount of the electroconductive carbon
black to 100 parts by weight of the substrate is from
15 more than 0 part by weight to not more than 4 parts by
weight while the variation factors by the type of the
substrate and alsoc by the type of the
electroconductive titanium oxide and the
electroconductive carbon black are taken into
20 consideration. Further, thickness of the radio wave
absorber is determined by the relation between the
complex relative permittivity and the wavelength of
the radio wave to be absorbed.

Here, the electroconductive titanium oxide is

25 effective for making the range of the absorbing



substrate and also by the type of the electroconductive titanium oxide and
the electroconductive carbon black are taken into 20 consi deration.
Further, thickness of the radio wave absorber is determ nedQy, thg.

rel ati on between the conplex relative permttivity and the wavel ength of
the radio wave to be absorbed. Here, the el ectroconductive titanium oxide
Is 25 effective for nmaking the range of the absorbing 9 7 July 2004
property broad but, when its conpoundi ng anount to 100 parts by wei ght of
the substrate is less than 5 parts by weight, both real and inmaginary

parts of nepeagRley bEball Baheih! it Yool Wl Shlodinte Mg L 00 | OW

wher eby the nateri I's not abl'e to cope wt 0 wave 0 crowave

range and nphlrikBEbY Gel@ne oEaRBR Wiblseratveeh st e s3aitth AMBUn, »ds More
t han 40 par?g by me?ght%@botﬁ real and iﬁgginafy parts g?n?hghﬁiﬁhﬂex

rel ative per byt wetighy ,beeghReread hngh iwagtiabyy pArithe oFatgl al is not able
to cope with those radi o waves. In addition, conpounding of the
el ect r oconducpmp@egarkdatihivac permiftdfditye dfsithee matt eriiale beleeine real and
ingginarg pa;ts gf thg cogpligela re;grivq permttivity high mhereby
t hi cknes8 of teRelow whereby aterial is not able to cope with
the radio wave of microwave range and millimetric wave
range while, when the said amount is more than 40
parts by weight, both regl and imaginary parts of the
complex relative permittivity become too high whereby
10 the material is not able to cope with those radio .
waves.
In addition, compounding of the
eléctroconductive carbon black is preferred since it
makes both real and imaginary parts of the complex
15 . relative permittivity high whereby thickness of the
radio wave absorber can be made thin withoﬁ£ affecting
the radio wave absorbing property. However, when its
compounding amount to 100 parts-by weight of the.
substrate is more than 4 parts by weight, viscosity of
20 the material becomes high whereby the processing
ability becomes bad. In addition, an increasing rate
of the imaginary part of the compiex relative
permittivity increases and, therefore, the complex

relative permittivity takes a value apart from the

25 non-reflective curve and the material does not cope

- 10 -



radi o wave absorber can be nmade thin without affecting the radio wave
absorbi ng property. However, when its conpoundi ng anount to 100 parts by
wei ght of the. substrate is nore than 4 parts by weight, vj§ﬁ@§j§%P£f 20
the material becones high whereby the processing ability becones bad. In
addition, an increasing rate of the imaginary part of the conplex relative
permttivity increases and, therefore, the conplex relative permttivity
takes a value apart fromthe 25 non-reflective curve and the material does
not cope - 10 7 July 2004 with the radi o wave. Wen the coating materi al

obt ai ned her giiR@beKe agidPRlaved on the netal part of shipping followed by
setting or a filmconprising the above-nentioned 5 conposition is placed on

metal parts of thewRBhPRhBYcoakadigOmaR¥eigh BhtHAWRKE HedadGaPovd | I imetric
wave range can be efficiently abggrbed.1Cn theabtherhﬁang,a?ﬁggt are many

cases in sonmis appafied oot @hke metaledartaboeihabipiely tHA 1o yave 10
absor ber causes an obstacle whereby there are sone cases where it is
demanded t o seké&inge omeiagiftilof clomprisdaigo thay abalveciesitilongi® . |1 n t hat
case, a foamed substance is contained in the conposition of the radio
wave abs®rbegomposition is placed on metal parts of the shipping,
radio wave of microwave range or millimetric wave
range can be efficiently absorbed.
On the other hand,’there are many cases in some
materials to be coated that weight of thé radio wave
10 absorber causes an obstacle whereby there are some
cases where it is demanded to make the weight of the
radio wave absorber light. In that case, a foamed
substance is contained in the qomposition of the radio
wave absorber.
15 When a foamed substance is contained, an air
pPhase increases in the inner area of the raéio wave
absorber and the permittivity lowers. Therefore, it
1s necessary to consider in previously increasing the
adding amount of the electroconductive titanium oxide
20 to make the permittivity high.
With regard to the foamed substance,
Microballoon is preferably used. The amount of
Microballoon to 100 parts by weight of the substrate

is from more than 0 part by weight to not more than 30

25 parts by weight or, preferably, not more than 20 parts

- 11 -



15 When a foaned substance is contained, an air phase increases in the

I nner area of the radio wave absorber and the permttivity | owers.
Therefore, it 1is necessary to consider in previously incrqag%gg géﬁh
addi ng anount of the el ectroconductive titanium oxide 20 to nmake the
permttivity high. Wth regard to the foaned substance, Mcroballoon is
preferably used. The anount of Mcroballoon to 100 parts by weight of the
substrate is fromnore than O part by weight to not nore than 30 25 parts
by wei ght-or, preferably, not nore than 20 parts - 11 7 July 2004 by

wei ght . Wienbyh@edgbsnt WhefiDERe! BABUAC RAr iSrBY th¥Ri 96 paReEMbiti vity of
the material |owers whereby a desired radio wave absorbing property is not

achi eved. EXANBLES bBeanplreilith @i itiiee mefteaAeNy Ikairs adreeld i ng agent
was used as a substrate, then an el ectroconductive titanium oxide and an
el ect r oconduéesiredarbdiobiwvarvie aheswabdgdephriopetdty dpwts aahidvad) i n Tabl e
2, then a 10 sol vent was added thereto and the m xture was nmxed wth
stirring i n BXAMPLESAnpunt of the solvent to 80 parts by weight of the

above cogp05|t|on Eggmggep?tts by wei ght.

A mixture of epoxy resin and a setting agent was
used as a subsfrate, then an electroconductive
.titanium oxide and an electroconductive carbon black
were added in the amounts as shown in Table 2, then a

10 solvent was added thereto and the mixture was mixed
with stirring in a mill. Amount of the solvent to 80
parts by weight of the above composition was 20 parts
by weight. |

This was applied by spraying on an aluminum

15 board until the thickness after setting became 3.60 mm
(sample 7), 0.75 mm (sample 8), 0.40 mm (saﬁple 9},
0.35 mm (sample 10) and 0.31 mm (sample 11) whereupon
five sheets of flat boards (samples 7-11) were
brepared. After the coating material was set, radio

20 wave of microwave range and millimetric wave range
(frequency: 1-110 GHz)} was subjecte@ to incidence onto
the applied surface of the flat board with an angle of
incidence of 4° whereupon the absorbing property was
evaluated. The result is shown in Fig. 3.

25 _ Table 2

- 12 -



This was applied by spraying on an alum num 15 board until the thickness
after setting becane 3.60 nm (sanple 7), 0.75 mm (sanple 8), 0.40 mm
(sanple 9), 0.35 nm (sanple 10) and 0.31 nm (sanple 11) mhﬁJ%ggogooilve
sheets of flat boards (sanples 7-11) were prepared. After the CToatlng
material was set, radio 20 wave of m crowave range and mllinetric wave
range (frequency: 1-110 GHz) was subjected to incidence onto the applied
surface of the flat board with an angle of incidence of 4-whereupon the
absorbing property was evaluated. The result is shown in Fig. 3 25 Tabl e

2 - 12 7 Jmly 2004 Parts by Vélght Substrate (Epoxy Rels nd n
Agent ) 100 ElrectToconductive—Ftanumodde—(1)r32-Elect ""%" ﬁ..,b;y, v Qlﬂg}th N

JZ LT CCT

Bl ack (*2)1|Subptrpiet (EporauBeisia and aﬁammukmmw needl es EDO 2000
(trade nane | gnaukactunaldey oot e oigle (+3) Kewrnb' ack j(Trade mae
manuf act ur e Oy— N ppon —C. Lot LV 2 O L } b f

t he sanple<Elﬁﬁ%rﬁﬁﬁpﬂﬁp@éV@fQﬂmboabiﬁmwﬂhuq pKGQérty not | &ss than|25

dB and, partieghaghycirPolBBat@PAVES titanium oxide in needles FT

ZOOQ (trade name manufactured by Ishihara Sangyo)

(*2) Ketjenblack (trade name manufactured by Nippon

E.C.)

From Fig. 3, it was found that, in‘each of the
samples, maximum value of the absorbing property was
not less than 25 4B and, patticularly in the samples
9, ;0 and 11, the frequency range showing an absorbing

10 property of not less than 20 dB which was a yvardstick
for an excellent absorbing property was confirmed
within a broad range of frequency region anq that the
samples were good radio wave absorbers.

Example 2.

15 A mixture of epoxy resin and a setting agent was
used as a substrate, then an electroconductive
titanium oxide, an electroconductive carbon black and
Microballoon were added thereto in the amounts as
shown in Table 3 followed by adding a solvent thereto

20 and the mixture was mixed with stirring in a mill.
Amount of the solvent fo 80 parts by weight of the

above composition was 20 parts by weight.
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9, 10 and 11, the frequency range showi ng an absorbing 10 property of not

| ess than 20 dB which was a yardstick for an excellent absorbing property
was confirmed w thin a broad range of frequency region ang hﬁg& %56%
sanpl es were good radi o wave absorbers. Exanple 2. 15 A m xture of epoxy
resin and a setting agent was used as a substrate, then an

el ectroconductive titanium oxide, an el ectroconductive carbon black and

M crobal | oon were added thereto in the anobunts as shown in Table 3

foll owed by adding a solvent thereto 20 and the m xture was m xed with
stirring in a mllgpj t : part e ght of the
above conposition agéégguga???l%%%mggg%?&%?a%§8gn7%Thﬁggﬁsﬁﬁh#his was

appl i ed by spoaydnen®iiakhd WikikRe J20dt dintddt thigy THAMeSS, @fr@n?! setting
became 2.4 mm After the coating material was set, radi o wave o0

m crowave radfeef8th2 Gda)kiwes matejraeiledas0 sotfi deime v/ o he appli ed
surface with an angle of incidence of 4 whereupon the absorbing property
was eval uat etiicThwaves wanges (S8rden GHz )Fiwgs 4ub jEaitesl T dPairicsi duhdééi ght

Substrate (EpoxyResin and Setting Agent) 100
5 onto the applied surface with an angle of incidence of

4° whereupon the absorbing property was evaluated.

The result is shown in Fig. 4.

Table 3
_ Parts by Weight
Substrate (Epoxy Resin and Setting Agent) 100
Electroconductive Titanium Oxide (*1) 40
Electroconductive Carbon Black (*2) 1
Microballoon . (*3) 14.3

(*i) Electroconductive titanium oxide in needles FT
10 2000 (trade name manufactured by Ishihara Sangyo)
(*2) Ketjenblack (trade name manufactured by Nippon
E.C.) |
(*#*3) Microballoon 80 GCA (trade name manufactured by
Matsumoto Jushi) |
15
From Fig. 4, it was found that maximum value of
‘the absorbing property was not less than 25 dB and tﬁe
frequency range showing an absorbing property of not
less than 20 @B which was a yardstick for an excellent
20 absorbing property was confirmed within a certain

extent.
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El ectroconducti veTi t ani um Oxi de (*1)40 El ectroconductiveCarbon Black (*2)1
M crobal l oon. (*3)14.3 (*1) El ectroconductive titanium oxide in needles FT

10 2000 (trade nanme manufactured by |shihara Sangyo) (*2) Kebhgg%%g&&
(trade nane manufactured by Nippon E.C ) (*3) Mcroball oon 80 (trade
name manufactured by Matsumoto Jushi) 15 FromFig. 4, it was found that
maxi mum val ue of the absorbing property was not |ess than 25 dB and the
frequency range show ng an absorbing property of not |ess than 20 dB which
was a yardstick for an excellent 20 absorbing property was confirmed within

a certain exNeUSTRYABUAPPROCABINPPSTRI AL APPLI CABILITY In this invention,
a conposition where an electroconductive titanium oxide is conpounded with

a substrate such B§ tRSsNihSPel8eOnaSadcombpeELBLohOWhErabaAr ption of radio
wave as nentioned above whereupon it is now possible that a radi o wave

absor ber coelespoodondutbtiaaytitegiancyxatieain ebapavadedngathaad a
mllimetric wave range is prepared depending upon the changes in its
t hi ckness angubstrate| such as resin is used as a material for
5 absorption of radio wave as mentioned above whereupon
it is now possibie that a radio wave absorber
corresponding to any frequency of a microwave range
and a millimetric wave range is prepared depending
upon the changes in its thickness and it is also |
10 possible that radio wave of a broad range can be
efficiently absorbed in spite of the radio wave
absorber having a thin thickness.
In addition, when Microballcocon is compounded

wlth the above-mentioned substrate, it is possible to

15 make the weight of the radio wave absorber light.
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10 possible that radio wave of a broad range can be efficiently absorbed
In spite of the radio wave absorber having a thin thickness. In addition,
when M croballoon is conpounded w th the above-nentioned 3ug§§?a§§b4it IS
possible to 15 nake the weight of the radio wave absorber light. 7 July
2004 CLAIM5 1. A conposition for absorption of radio wave where an

el ectroconductive titaniumoxide is conpounded with a substrate. 5 2. The
conposition for absorption of radio wave according to claim1l1, wherein the
conmpoundi ng rate of the said el ectroconductive titaniumoxide to 100 parts
by wei ght of the substrate is 5-40 payfasMy weight. 3. The conposition for
absorption of radio wave 10 according totlaim11, wherein an

el ectroconductive 1canbesmpbagckibs €orPavBdedtibnaBraradlb @hylkr om nore
than O part by weight to not nore than 4 parts by weight to 100 parts by

wei ght of , tlkeegsebanr eflect4ocbhductipesitijitanifu oxiser ais on of radi o wave
15 according to claim 2, wherein an el ectroconductive carbon black is
conpounded i fompoandedt wathf posubstaatehan 0 part by weight to not nore
than 4 parts by weight to 100 parts by weight of the substrate. 5. The
conposi tPon for ab3er BREoRCBPOEAilENWEPE absorption of radio wave

according to claim 1, wherein the compounding'rate of
the said electroconductive titanium oxide to 100 parts
by weight of the substrate is 5-40 parts by weight;
3. The composition for .absorption of radio wave
10 according to claim 1, wherein an electroconductive
carbon black is compounded in an amount of from more
than 0 part by weight to not more than 4 parts by
weight to 100 parts by weight of the substrate.
4. The composition for absorption of radio wave
15 according to claim 2, wherein an electroconductive
carbon black is compounded in an amount of from more
than 0 part by weight to not more than 4 parts by
weight to 100 parts by weight of the substrate.
5. The composition for absorption of radio wave
20 according to any of claims 1 to 4, wherein the said
substrate.is at least one member‘selected from a group
cdnsisting of thermoplastic resin, thermosetting
resin, rubber and elastomer.
6. The composition for absorption of radio wave

25 according to any of claims 1 to 4, wherein the said



20 according to any of clainms | to 4, wherein the said substrate is at

| east one nenber selected froma group consisting of thernoplastic resin,
thermosetting resin, rubber and el astonmer. 6. The conpositi gn1{05004
absorption of radio wave 25 according to any of clainms 1 to 4, wherein the
said - 16 7 July 2004 substrate is a thernosetting resin. 7 July 2004
ABSTRACT There is disclosed a conposition which is |layered on a reflective
board to constitute a radio wave absorber. In this conposition, an 5

el ectroconductive titaniumoxide is conpounded with a substrate. Wth

regard to thgupubshtat &s Lheh@rfiBkeReinySedstiker nopl astic resin,
t hernosetting resin, rubber or elastoner.
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