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9@085 12 - 1 FAR-T'NFRARED RADI ATOR BACKGROUND OF THE INVENTICN 1. Field of

t:hes I nvention The present inventiongrélates-to a novel far- I nfrared
rhdiator. More particularly, the invention relgtes to a far-lnfrared

radi ating material, which may be used in the figi

uch
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instrunments or clothing, such.as heat insuldtion, air conditioning,
hai rdressing and cosnetic treatnment, and so on. 2. Description of (PJB% terd

Rel ated Art Th§%§Q§¢§9¥QE¥QEE—@§H3§¥ﬁ§§ﬁ§§E”n'ng al um na, 15 titania,
zirconia, sili y proposed as the far-infrared
radi ati ng naterial T?l&ho?r€h8”3592ﬁgébﬂ heati ng, cooling, or drying of
article, in air cond g, 'n cal application to enhance

absorption or radi atTBﬁeﬁfﬁééhE”‘fﬁveﬁtEBﬁr E‘Eﬁa%@%r% a2fovel far— |n order:

to efficiently apply t ermal energy to an article or a human body by

;2?_Pﬁ$rgieaaf iﬂ@f@f@@ Fadsatbt.i SMPBECHRREY chia®h ¥, CitBt hyiviedd itk
relates to a far-infrared radiating materlal, which may
be used in the fieidé of'processing such as drying and
réfrigeration of various materials, for example of food,
raising of agricultural and marine products, addition of

10 function to medical instruments or clothing, such as heat
insulation, air conditioning, hairdressing and cosmetic
treatment, and so on. _

2. Description of the Related Art
There are various ceramics containing alumina,

15  titania, zirconia, siliéa, or the like conventionally
proposed as the far—infrared radiating material, which
are employed in heating, cooling, or drying of article,
in air conditioning, or in medical application to enhance
absorption or radiation efficiency of thermal energy.

20 In order to efficiently apply the thermal energy to
an article or a human body by the use of far—infrared
rays, it is necessar&'to efficiently radiate far—-infrared
rays coincident with rotation-vibration wavelengths of
.Water molecules contained in an object to which far-—

25 ' infrared rays'are applied. The conventional far-infrared

radiating materials, however, do not always have a
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L1
rays coincident with rotation-vibration wavel engths of water nol ecul es

eontalned in an object to which far- 25 infrared rays are applied. The
conventional far-infrared radi.ating materials, however, do not always have
a satisfactory radiation efficiency of far-lnfrared rays suitable for

excitation of water nolecule. SUVMWARY OF THE I NVENTION It is, therefore, an
obj ect of the preseisfactenyi padbationt efpioierdeyaofofalr—fiafraredamrays
radiating material which can efficiently radiate the thernmal energy
necessary for exsliitabbe HOérwexeitabienubEswaberamoédciudeani mals and

pl ants, for exanple in human body. A far-infrared radiating materi al
according to the 10 present I nvention; which can achieve the object,
conprises 5-60 w % of alun1na 20-70 wmt % of at | east one
titani um conpountiEiisciis 2 ' di oxi de, titanium carbide and
titanium boride, 20-50 mﬁ@bof at east one Z|rcon|un1conBound sel,ected from

15 zirconia, zi r clohi iin cERGTREOBHd & reBIe G 06r tRe PEREBIoiNFeRLIPH,
of a raresearth€%“ﬁ¥%v1de a novel far-infrared radiating material which

can efficiently radiate the thermal energy necessary for
excitation of water mblecules contained in animals and
plants, for éxample in humaﬁ body.
A far-infrared radiating material according to the
10 present invention, which can achieve the object,
comprises 5-60 wt% ( % by weight ) of alumina, 20-70 wt%
of at least one titanium compound selected from titanium
dioxide, titanium carbide and ﬁitanium boride, 20-50 wt%
of at least one zirconium compound selected from |
15 zirconia, zirconium carbide and zirconium boride, and

0.01-0.5 wt% of a rare earth oxide.

DETAILED DESCRIPTION OF THE INVENTION

The content of alumina contained in the far—infrared
_ radiatihg material of the present invention ranges from 5
20 to 60 % by weight. With a content above 60 wt% the
radiation-efficiency would decrease in wavelength range
of 8-10 pm or thereabove, while with a content below 5
wt% the radiation efficiency would be acceptable but a
mixing operation would become difficult in blending with
25 | polymer binder, which would be also unfavorable for
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON The content of alum na contained in

the far-infrared radiating material of the present invention ranges from5

20 to 60 % by weight. Wth a content above 60 wt % the radiation

ef ficiency woul d decrease in wavel ength range of 8-10 pm or thereabove,

while with a content below 5 wt%the radiation efficiency would be

accept abl e butﬁﬁhﬁb@&ﬁ}QﬂxHeﬁh@wﬂ@ﬁﬁ#@tb@ﬁohbtdniﬂmcgpmpphndléﬁdbﬁ@wﬂﬁﬂh

25 pol ymer bi nder, mhlch woul d be al so 'unfavorabl e f

fabrication. THE® @owt &t % {|t¥&ﬁhnﬁc%m%6@%6 @éoﬁét%Qeﬂt§0thﬂdr¢§1%F%Pn

Wth a content above 70 wt %t éadlatlon effici %% woul d - decreagg

wavel engt h ran@% C%ﬂﬁﬁXBWR?ké; %ﬁﬁ?%ﬁ%m%%'%a%% \ F bERREE 201 np Yﬁelz

radi ation 5 effici.enc ul d be accept m Xi eration

woul d i ncl ude & fi 3’&1]’(‘% éféqvfﬁ & T SRy \%)qﬂo (5/) %Ie?aélgﬂggﬂnwoul d

resul t degr adat.i qn._of knead wor kabi |, n

conpoundgrangeg%%ﬁﬁﬁgﬂfﬁ(ng;drg%fﬁf%ﬁggabﬁgf%Jg.%@%t ﬁ%i%% %éééggaf ot he

radiation would include difficulties in blending with polymer
-binder, which would result in degradation of kneading
workability.

The content of zirconium compound ranges from 20 to

10 50 wt%. With a content above 50 wt% the radiation
efficiency would decrease, while with a content below 20
wt% the radiation efficiency would unfavorably decrease
in wavelength range of not more than 5 um. It is
preferable that a sum of contents of the titanium

15 compound and the zirconium compound be not less than 70
wt%. Further, the rare earth oxide shows an effect .
mainly in improvément of far-infrared radiation
efficiency if it is formulatéd'in amount of not less than
0.01 Wt%. However, it is not economically practical to

20 formulate the rare earth oxide in great amount of not
less than 0.5 wt%.

As described, the far—infrared radiating material of
the present invention COmprises alumina, a titanium
compound such as titanium dioxide, titanium carbide, and

25 titanium boride, a zirconium compound such as zirconia,
zirconium carbide, and zirconium boride, and an oxide of

‘rare earth element such as neodymium, lanthanum and

_3_.
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')
efficiency woul d decrease, while with a content bel ow 20 wt % the radi ation
ef ficiency would unfavorably decrease in wavel ength range of not nore than .
5 Jerr]. It is preferable that a sumof contents of the titanium 15
conpound and the zirconi um conpound be not |ess than 70 wt% Further, the
rare earth oxide shows an effect mainly in inprovenent of far-infrared
radi ati on ef fici &¥dyrium.it The ffammindrarad wadisting materTel ehahhe. 01
W % However, it is not economcally practical to 20 | fornmulate the rare
earth oxide in gABAEDN4AOINMAF CPdrtaigh & irthon 0. anuIBT Y RRID Lm, 2R he
far-infrared radi ating material of the present invention conprises alumna,
a titani um conpo@fdidionads compomenh dito@meaint jqf MUNRAGDi AN WPk,
titani um boride, .a zirconi,um co nd.such as. zirconi a, zirgonjum carbide,
and zirconiun1bofPHe?Xéﬁﬁlénaofgggﬁoﬁnpépé O 1 oAt SdrA b B m um
| ant hanum and 3 yttrium . The .far-infrared radiati erial_of the
I nvention y cofta ﬁ’wﬁph8&£a§ﬁ§ﬂs§ﬁq§ o§ﬁgﬁpeﬁqu¥%fB§roup metaf
oxide, or a phosphorus compound. Such an additiqnal
component may be contained not only in the form of sole
oxide but also in the form of composite oxide.
The components contained in the far—-infrared
10 radiating material of the present invention may be of
powder, which are mixed to form a composition.
Alternatively, some or all of the components may be
formulated and then sintered at high temperature, and the
resulting product may bé then ground. The grain size of
15 far—infrared radiating material thus obtained should
preferably be as fine as possible in respect of mixing
operability or moldability in various processing
E operations as described below. |
The far-infrared radiating material of the present
.20 inventiqn may be combined with a binder of resin material
such as a synthetic resin, which may be formed in various-
- forms, for example in the form of film, plate, tube or
‘the like. The material may also be used as far-infrared
radiating fibers by incorporating it in a polymer for
25 fiber and spinning the mixture. The material may be
further used as a far—infrared radiating sheet by mixing

it in sheet-making for example of paper. Such a sheet or
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addi tional conponent in ampunt of not nore than 8 W% for exanple a small
amount of silica, an alkali netal 5 oxi de, an al kaline earth oxide, an
VI11-group netal oxide, or a phosphorus conpound. Such an additi onal
conponent may be contained not only in the formof sole oxide but also in
the formof conposite oxide. The conponents contained in the far-infrared
10 radi ati ngpraternay bé _flhietReesenbjebtenbi o stRYortmialg pWRITm Wi ch
are mxed to forma conposition. Alternatively, sonme or all of the
conponents may hgoldedubedgdinndrbhenrasynshagd.at IThi gddiciper ahie ea tard dlhe
resul ting product nmay be then ground. The grain size of 15 far-infrared
-radi ati ng mat er imay t beisb béndededishoal suptebteablindee as Biodeeat fassi bl e
~in respect of mxing operability or noldability in various processing
‘operations as dexpplbeetbemoss ghearainfnarededadaditangngosdtiag.al of the

- present 20 i nvention may be conbined with a binder _of resin material
such as adynthetic %@t imi bhving @égammdmnnoamaé&g peepeiated with

~exanple in the formof film plate, tube or the |like. The naterial {
al so.be used as &d@lqum@a %df%¥mn%Y¢F%E%%nbﬂjl}lﬁESFﬁe)rEﬁlilﬁé i |1ﬁn§ €

~polyner for 25 to aﬂ§§¥bE¥E%thpgépgdtpgyg1éigﬁ aveTeng eg%agbou% %912
~pm. The far-infrared radiating material of the present
invention can_efficiently radiate far—infrared rays in a
10 wide wavelength range of 4-20 pm or more, and therefore
may be utilized in an apparatus for efficiently heating
or drying a food from animal or plant. Further, the
material can be applied in medipal instruments as well as
- in clothing or in building materials, revealing its

15 superior-property to the conventional materials.

EXAMPL ND COMPARATIVE EX ES
The following'powder coﬁpﬁnents'were respectively |
mixed in the. formulations as shown in Table 1 to obtain
far—-infrared radiating materials A-G accordihg to the
20 present invention and far-infrared radiating méterials H-
M of comparative examples: titanium dioxide powder '
~ (grain size: 0.1~0.3 pm)j titanium carbide powder (grain
size: about 0.3 um); titanium boride powder (grain size:
about 0.3 pm); alumina powder (grain size: 0.3-0.5 pm);
25 zirconia powder (grain size: about 0.3 um); zirconiunm |
carbide powder (grain size: about 0.3 um); zirconium
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further .used as a far-infrared radiating sheet by mxing it in sheet-making
f qr -exanpl e of paper. Such a sheet or - 4 - pl ate may be further subject
to post-forming to forma nolded body in arbitrary shape. In addition the
material may be blended with a suitable bi.nder or solvent for application
as a far-infrared radiating coating Water in living organismis

normal |y associ BPEdAR PRVEER; (‘I&SP&L@EISI-'[Z@ 'f @by g i1BH ol Lantdranumeiie s

liable to absorb far-l frared rays with maVeIen%th of about 6- 12:&g%§4 The
far-infrared raBPYERRg (FERAP; § PZSf @W@uﬁr@sén@nlnvgﬁﬁnﬁ¥mx9¥¥§q Ty

radiatefar-infLared e wav Ien e of 4204err

or nore, and th gEPbP;aiﬁﬁ:bégﬂpglpzédppﬂ;aﬁeg SR8 ek
appl i od i n modi $2r8; n8Bukefr s HuT e o Bofh Pﬁt%ﬁﬁlﬁé aow% e ©
material @ ExavptEs” ARBPRENPARARIVE EXAVPLES The fol | EC‘fnSC’BXSBLL s
conponents vere respggtiNebit parts of each far—infrared radia;ing
material thus obtained was formulated with 100 weight
parts of high-density polyethylene, and kneaded at resin
temperature of 200 °C for ten minutes at rotational
10 frequency of 150 rpm in a ineading and extruding machine
manufactured by TOYO TESTER.Co., Ltd. to obtain pellets
thereof. A sheet was made from the pellets of each
composition by an extruder, and a plate of thickness of
0.8 mm was formed therefrom by thermal press. Test
15 pieces each of 5 cm x 5 cm were cut out from the
respective plates thus_obtained, and infrared radiance
thereof was measured at temperature of 35 °C by the far-—
infrared radiation_spectromeﬁef (JIR-E500 manufactured by
7 JEOL Ltd. (Nihon Denshi)). A radiation efficiency R was
20 calculated with each measurement value of radiance in
wavelength range of 4-24 pm as a ratio thereof to the
ideal radiance of black body at temperature of 35 °C.
Table 1 also includes values of radiation efficiency

R obtained for the respective test pieces.
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m xed in the formul ations as shown in Table 1 to obtain far-infrared
‘radiating materials A-G according to the 20 present invention and
fiar-infrared radiating materials H M of conparative exanples: titanium -
di oxi de powder (grain size: 0.1-0.3 [err]); titanium carbide powder (grain
.Size: about 0.3 [err]); titaniumboride powder (grain size: about 0.3

[err]); alumina powder (grain size: 0.3-0.5 [err]); 25 -—- zirconia powder
“(grain size: about 0.3 [err]): zirconiumcarbide powder (grain size: about

0.3 [err]); zirconium bgri de powder (grain size: aboult 0.3 [err]);
. I ant hanum oxi de powder geu m size: rabout 0.3 pmy ytksi um oxi de powder
(grain size: about 0.3 [éFn]); heddyTri um oxi'de’ povvder "? ;rcai n size: about .
.0.3 jim; and boron di odee powder (grain 5 size: abhout{ 0.3 [err]). 50
wei ght parts of Bach far-ﬁ_i,rfdbared-r &digting material thys -opt ai ned was
ifornulated with 200 weip part's of TnNh densi ty poI yetrﬁene, and kneaded
~at resin tenperagure of| 200 [err] for ten m nutes at rotati onal 10
. * [} o\
‘frequency of 150ur§5rn in %hneadl ng & emdoextrudl 29 machi ne e.rgqanuf actured by
: TOYO TESTER Co. ,HLtc:d tpb oltRi n' pellets ~ [ '
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thereof. A sheet was nade fromthe pellets of each conposition by an
ext.ruder, and a plate of thickness of 0.8 mmwas formed therefrom by
t hermal press. Test 15 pi eces each of 5 cmx 5 cmwere cut out fromthe
respective plates thus obtained, and infrared radi ance thereof was neasured

at tenperature of 35 !err! by the far- infrared radiation spectroneter
(JI R-E500 nmanuf _ Ltd. (N hon Denshi)). A radiation efficiency
R was 20 cal cul ated with each neasurenent val ue_of radiance in
wavel engt h range of F&urinkygred radhating neesbr pbatee Pdedl 9PAdMANEe of
bl ack body at t erature err]. Table al so includes val ugs of ,
radi ation efflc tﬁzérﬂﬂl Qﬁetm&ﬂ?e%%e%@?v%a¥%sWa$?%€e§S aggve in
Lerr] -~ TEST Eé%rmu g fH ST RGE SR G109 §ESEe PEEEEnFrghed00 MM X
5 radiating material B of the present invention to 100
ﬁeight parts of polypropylene, with which all side wall
surfaces and ceiling surface of a drying chamber'of width
of 8 m, depth of 8 m, and height of 1.8 m were plastered
except over portions where an inlet grille and an ouplet
10 grille of warm air were arranged to face each other on
the left and right side walls. Four stainless steel
‘moving racks each having seven step screen shelves on
which scallop adductor muscles were placed were put in
the drying Qhambef as so internally modified, and dried
15 in flow of warmlair.at 24 °C at wind velocity of about 5
m/min. After four hour drying, uniformly semi-dried
adductor muscles were obtained.
Temperature measurements were conducted by a
thermocouple on a surface of and inside adductor muscles
20 one of which was placed at a poéition of 1 m away from
the central portion of inlet grille in the midéle step of
moving rack and the other of which was placed at a
position of 1 m away from the outlet grilie in the middle
étep. The same temperature.was récorded at 24 °C for all

25 measuring points after 48 minutes from the start of

drying, as shown in Table 2.
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900 mMm x 0.8 mm were made in the same manner as above in fornulation of 10
wei ght parts of the far-infrared 5 radiating material B of the present
invention to 100 wei ght parts of polypropylene, with which all side wall
surfaces and ceiling surface of a drying chanmber of width of 8 m depth of
8 m and height of ‘1.8 mwere plastered except over portions where an inlet

grille and an outletSifilarlglitéeinfphatssaQrwapeenateangedhieo slaaee each
other on the left and right side walls. Four”stainless steel noving racks
each havi ng sewmnmsderscalpeve shel vgsCompahathvecBkbmpladduotforf aruscl es
were pl aced merp:fut in the drying chamber as so internally nodified, and
dried 15 i nxfizared nadihating avalerisly]wathwihilchekbei sydef waldut 5
mmn. After four hour drying, uniformy sem -dried adductor nuscles were
obt ai ned. Tenp&uRfigae sreandirdience Wking coutfigcedobydayingr abapbpire wemea
surface of and inside adductor nuscles 20 one of which was placed at a
posi ti ondf 1 RlAMEFabME H & eTRMSI DFRET oS 02DPVe et GRi the AEYERE niddl e
step of noving rack and the ot her_ of, which was placed at a_position of 1 m

away from the &hamhelyd |9imilag Irring test pf sl LeRetd@UpEeEt BHECYAS

recorded at 24 [err] far all 25 ' asuri oints ter 48 m.nutes from
the start of w%s Jarf%edaout. Fou§n$our é%&fhg coufﬁ not un?}orm Yy

- dry the adductor musclés, and additional one hour drying

was.required to make all the adductor muscles semi—dried.

10 Table 2 also shows results of temperature
measurements by the thermocouple after 48 minutes from
the start of drying at the same locations of adductor
muscles placed on the same positions of moving rack as
above. As seen from Table 2, the comparative far—

15 ihfrared radiating material has a broad temperature
distribution and a low drying efficiency of object to be

dried, as compared with the far-infrared radiating

material of the present invention.
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drying, as shown in Table 2. 8 Simlarly, resin plates Q were nade in
t he same manner as above using Conparative Exanple J of far- infrared
radiating material, with which the side wall surfaces and the ceiling
surface of drying chanber were 5 pl astered in the sanme nanner as above.
In the drying chanber a simlar drying test of scallop adductor nuscle was
carried out. Four hour drying could not TABILE @ y dry the adductor nuscles,
and addi tional one hour drying was required™to nake all the adductor
nmuscl es sem -dried. 10 Tabl e 2 al so shows results of tenperature
measur ement s by tPempées twroupl etribeticid mnl€eafteomi8hminudes dirodryi ng
at the same | ocatd ons; of¢ AYENE! o1 isELES B A688uRoENFuSRTESPOS Lions of
novi ng rack as above. seen from Tapl'e” 2, the conparaylve Par- 1
i nfrared radlaLLng_naLeLLaL_hasqumummiiiunnuiu4me_dLsLLLbuLLan_and;a_Low
drying efficiency of object to be dried, as conpared with the far-infrared
radiating material of the present invention, . ]

Measured With resin plates P With resin plates Q

Position of the invention ' of comp. example

Adductor muscle on the inlet grille side
10 Surface 24 26
Inside 24 24

Adductor muscle on the outlet grille side _
Surface 24 . 23

Inside 24 22

15

TEST EXAMPLE 2

The far-infrared radiating material A of the present
invention was uniformly mixed in a dope for rayon fiber
spinning in such a formulétion that the material A was

20 contained in amount of 1 wt% to the rayon solids content.
A rayon_étaple of 4 denier was made from the mixture by
spinning, and a rayon unwoven fabric was obtained in
areal density of 30 g/m® by the needle punch method. The
rayon unwoven fabric was then cut into pieces of 25 cm X

25 15 cm, from which tubular peach fruit bags were sewn in

length of 15 cm and in diameter of 8 cm.

- 10 -



-.9 - TABLE 2 Tenperature distribution in [err] after 48 mnutes from

start of warmair drying of adductor nuscles 5 Measur ed Wth
resin plates P Wth resin plates Q Position of the invention

of conp. exanpl e Adductor mnuscle on the inlet grille side 10 Surface
24 : 26 I nside 24

24 Adductor nuscle on thgnothéet rgyohl stapde Suntadeing 1 wt% of24he far-—
23 | nside 24 22 15 TEST EXAMPLE 2 The

far-infrared radi atimfrap¢érrafiatbhgthetpréadnM biveomperatdyeuexbapiiey was
m xed in a dope for rayon fiber spinning in such a fornulation that the
material - A was 20 Pprodweedi hedthe sabenmanhel asvaboveheandyprasdl ifaslit
content. A rayon staple of 4 denier was nmade fromthe m xture by spinning,
and a rayon unwoverPd&drot Wee oprpenebive example were made in the same

5 manner as above.

For further comparison, adaitional peach fruit bags
were prepared, which were conventionally used and which’
were made of glassine paper. _

These bags were put on infant fruits of 8-9 year old

10 peach trees (brand "Noto") selected at random, and the
fruits were raised in that state. The raised fruits were
gathered at harvest in sections of upper branch, middle
branch, and lower branch, and the gathered fruits were
evaluated in accordancé With the following items of

15 evaluation. Table 3 shows the evaluation results. It is
seen that the fruit bags using the far—infrared'radiating

material of the present invention are effective in

production of high quality peach fruits increased in

sugar content and well-enlarged.

20 EV TED ITEMS
(1) Size: Each fruit was measured by slide gauge
at harvest in height, length and breadth. _
(2) Weight: A wéight'of each fruit was measured by
home use weighing machine at harvest.
25 (3) Sugar content: A sugar content was me;sured by
refracting saccharimeter with each of two sarcocarps

...11_
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areal density of 30 [err] by the needl e punch nethod. The rayon unwoven
fabric was then cut into pieces of 25 cmx 25 15 cm from which tubular
peach fruit bags were sewn in length of 15 cmand in dianmeter of 8 cm - 10
- Anot her rayon staple containing 1 wt% of the far- infrared radiating
~material Mof conparative exanple was produced in the sanme nmanner as above,
“and peach fruit bagsken ehetbenpeuatovearsabpirgweymmatidtéci withe esgheodher
manner as above. For further conparison, additional peach fruit bags were
prepared, whi ch Wwafktkoreeeet obal the usetuagadofnf ehitept hagwest,ghadsene
paper. These bags were put on infant fruits of 8-9 year old 10 each
trees (brand "Not ®YeRagectabuetof alaentwansugae eehfeBtaecvasrgpdeylphednat

state. The raised fruits wer at hered -at harvest in sections of upper
branch, niddle branch, é%b Iéhﬁbrbra$c%9{%ﬁdt?%% ﬁgtﬁéPBdfFPthétmgﬁéveSt

evaluated in accordance, with the followng ifens of 1 ., eval uati on.
Tabl e 3 shows t he ¥&I{atY Xe%‘(ﬁ‘ﬁé‘?'tg\atg?éhree grages with®points
defined as 1: bad, 2: normal, and 3: good, and an average

point was calculated.

_12._
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seen that the fruit bags using the far-infrared radiating material of the
present invention are effective in production of high quality peach fruits

i ncreased in sugar content and well-enl arged. 20 EVALUATED | TEMS (1)

Si ze: Each fruit was neasured by slide gauge at harvest in height, length
and’ breadth. (2) Weight: A weight of each fruit was neasured by hone use
wei ghi ng machi ne at harvest. -25 (3)TABLHaB content: A sugar
.content was neasured by refracting saccharineter with each of two

sarcocar ps taken on the equator arkudklty sinretehcimibhseach other with
resect to the suture—offruit ) \ _ \
sugar contents was EYBiyRdiedd. FEAuidoees AfcolfguioResy Hach Geryerfional
harvest 5 Swas vild8H |y eval tateed VEntHoZe HORR-s 8F&MPIRI nt L Bt NRAB RS

1€%bad, 2: normal, gize ingcm Theigh%-lengtgiwfdths E i

Upper ~ 7.06-7.51-8.42 7.05-7.60-8.30 7.05-7.63-8.28
branch
10 Middle 6.96-7.56-7.91 6.71-7.12-7.71 6.67-7.10-7.63
branch '
Lower 6.61-7.15-7.40 6.42-6.81-7.01 6.36-6.72-7.16
. branch _

Weight in g (average)

15 Upper 272 284 260
branch
Middle 244 232 204
branch
Lower 220 184 178
20 branch '
Sugar content in % (average)
Upper 15.0 14.4 14.3
branch
Middle 13.5 C 12.7 12.5
. 25 branch ' :
Y Lower 12.2 12.1 13,8
' branch ) _ )

Color (average point)

Upper 2.75 2.60 . 3.00
30 branch _ :

Middle 2.80 . - 2.75 2.00

branch o

Lower 2.17 1.76 1.60

branch

35
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TABLE 3 Qual ity of peach fruits Eval uated Fruit bags of Fruit bags of

Conventi onal 6 I tem the invention conp. exanple fruit bags
Size in cm (hei ght-1ength-w dth) Upper 7.06-7.51-8.42 7.05-7.60-8. 30
7.05-7.63-8.28 branch 10 M ddl e 6.96-7.56-7.91 6.71-7.12-7.71
6.67-7.10-7.63 bra .61-7.15-7.40- 6.42-6.81-7.01

6. 36-6.72-7.16 bra ' (average) 15 Upper 272

ggg branch Lower 260 br%ﬂ%%ﬂgﬁ%&é}ial for égion-fiber spinﬁggézgas prepared

?L?gcgrgggﬁr-CO“teﬁyidhf?éfﬂf%éﬁ&&iﬁQDEﬁe far—infrared radiating matdrtal c

: of the present invention in nylon in the formulation of 1

R 5 wt% of the material C to the nylon resin solids content.

i A nyloh staple of 4 denier was produced by spinning of

8 the raw material. Wool yarn was made in 20 % blend.of
the nylon staple to wool, and a sweater was knit
therefrom.

10 | Anothef nylon staple containing 1 wt% of the far-
infrared radiating material M of comparétive example was

produced in the same manner as above, and a similar

LT TR WP SO

sweater was knit from wool yarn in 20 % blend of the

nylon staple of the comparative example.

5
:

15 For further comparison, an additional sweater was
prepared of 100 % wool.

A man wore each of these sweaters in room at
temperature of 20 °C, and took off the sweater.30 minutes
later. Soon after the undressing, a skin temperature

_20 measurement was conducted by thermography on the front
surface of body, and measured values were compared with
each other. .

Table 4. shows the measurement results, from which it

is seen that the clothing using the far—-infrared
25 radiating material of the present invention has excellent

effects in maintenance and raise of body temperature.

- 14 -
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M ddl e 13.5 ' 12. 7 12.5 25 branch Lower

12.2 12.1 13.6 branch Col or (average point) Upper
2.75 2. 60 3.00 30 branch M ddl e 2. 80
2.75 2.00 branch Lower 2.17 1.76
1.60 branch - 13 - TEST EXAMPLE 3 A raw material for nylon fiber
spi nning was prepared by uni-fornly n]Xlng ﬂﬂé_ﬂa& I nfrared radiating
material C of the present o] 5 w%
of the material Cto the r%/ oééf%éeds?lr\/nﬂs}%) hferﬁﬁé%*%{ﬁéspap?e of 4
deni er was produced }—O a v nate : de—i-n
20 % bl end of th?’[é’%ﬁb@tam € 3%5‘9@1!' oﬁnd a Smat@émﬂ@?a’éi‘v& _ Genuine
5 portion the invention example wool
Head . 33.1 33.5 . 33.9
Shoulder 34.2 33.3 33.1
Breast 34.3 33.5 33.2
10 Abdomen 33.8 , 33.1 33.0

The far~infrared radiating material of the present
invention can efficiently radiate far-infrared rays in
wavelength range which are liable to be absorbed by water

15 contained in living organism such as animals, plants,-and
a human body, which can thus present excellent effects in
applications, for example in processing such as drying

and refrigeration of various materials, for example of

3
:

food, in rasing of agricultural and marine products, in
20 addition of function, such as heat insulation, to medical
instruments or to clothing, in air conditioning, or in

~ bhairdressing and cosmetic treatment.

T O TR ST it G a3 sier e s o .
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therefrom 10 Anot her nylon staple containing 1 wt%of the far-

infrared radiating material M of conparative exanpl e was produced in the

A4 . . .

same manner as above, and a simlar svvea“m uu“']”m wool yarn in 20 %
bl end of the nylon staple of the conpara A 4 For :
further conparisonﬂg%gézgﬁgﬁhﬁﬂﬁgézﬁaater was prepar&d df 100 % wool . A nan
~wore each of these xt tenperature of 20 [err], and took

~of f the sweater 30 m nutes l,ater. . ter,.t | NG, L s _

" tenperature 20 mas&r'en@nﬁﬁa&@%%&fg ergadr}fk‘telt{gﬁ&aafezﬂp]@ o@omﬂ?lr%%ts

surface of body, agg %%55?9%1‘(1?&191%5 Y-8 (F QPR g t%ﬁeﬁtfh*berf’%l 2 %arirﬁ%e 4

shows the neasurement results, rpnfmhich It 1's seen ot hi'ng
using the far-infrapgdognd seledded i#9 ti_q:raﬂxﬁll#xﬂ)fdi ¥ eSENad fMENE4 Bl de
has excellent effects’in maintenance and rai se of body tenperature. - 14 -
TABLE 4 5 and titanium boride, 20-50 wt% of at least one zirconium

compound selected from zirconia, zirconium carbide and

- zirconium boride, and 0.01—0.5 wt% of a rare earth oxide.

2. A far-infrared radiating material according to
Claim 1, wherein a sum of contents of the titanium
10 compound and the zirconium compound is not less than 70

wt%.

3. A far-infrared radiating material according to
Claim 1, wherein said rare earth oxide is lanthanum

oxide, neodymium oxide, or yttrium oxide.

15 4. A far-infrared radiating material according to

3 Claim 1, wherein respective components are of powder.
5. A far-infrared radiating composition comprising

a resin and a far-infrared radiating material as set

forth in Claim 1.

20 8. A far-infrared radiating composition according

to Claim 5, which is formed in the form of plate.

._16_
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Measured val ues of skin tenper sured Sweat er of
. Conpar ati ve Genui ne 5 aﬁ”ﬁ”Wl"Yﬁﬁ‘”ﬂﬂ‘l nvention exanpl e
wool Head - 33.1 x gy TSI 5 33.9 Shoul der
34.2 33.3 33. 1 Breast . 34.3

33.5 ' 33.2 10 . Abdonen 33.8 33.1
33.0 The far-infrared radi atAnfanairfraredf raféapingenonpasdibiioon acgording
efficiently radiate far-infrared rays_in wavel ength range which are liable
to be absorbed by v flabu 5, ¥bhehi hedipEnedviRgtBrgdATBNPSuEHDES
animals, plants, and a human body, which can thus present excellent effects
in-applications, for exanple in processing such as drying and refrigeration
of various materials, fcg egggfle of food, in.rasin [

“of agricul tural and
marine products, in 20 BT GHREFET o TAGAAL 10BN CAUPRBAL PRS ACSOTGNDE
hai rdresei ng and- cOMTTHR e TahtE 1s 1EoBhéa “PiTkhe FoRi of shies.

5 9. A far-infrared radiating composition according

to Claim 5, which is formed in the form of fiber.

_17_.




WHAT IS CLAIMED IS: 1. Afar-infrared radiating material conprising 5- 60
Wt % of al umina, 20-70 wt % of at |east. ore titani um conpound selected from
i tani um di oxi de, titanium carbide 5 and titanium boride, 20-60 wt % of
at | east one zirconium conpound sel ected from zirconia, zirconium carbide
and zirconiumboride, and 0.01-0.5 w%of a rare earth oxide. 2. A
far-infrared r ABSERACT (Qft JHEDISQOUE t 0 Claim 1, wherein a sum of

contents of the tf}aniun{ 0 .- Eo ound ang. the zirconi um conmpound, i s .not
o5 Than 70 wios 3 A ROVEL (BT AER A8 neerTase bhLb, I ngtop1e8a)
1?saher2Pn said_ rare eart@ gxide IS I%ﬂ#h nun1oxid; neo n{ n@g_g orm
yttrium oxi de. Whgch can erfgctiygly ¥ Jr%reea“}%%f?aa{ i HO° eﬁ&? % g%rdi ng
to Jdaim1l, wherei ti . =1 af d
Fadi ati ng conpaort FAFICORE Matey dRad e ot Syt hlfgnd o
terial Lfarth i.n._C qi - 2 farsi di ati
et ool 52 Sehyki) hiCtie 3 anmen podi, A\ pip eisgarad ating

16 - . radiating material comprises 5-60 wt% of alumina, 20-70

. wt% of at least one titanium compound selected from
titanium dioxide, titanium carbide and titanium boride,
20-50 wt% of at least one zirconium compound selected
10 from zirconia, zirconium carbide and zirconium boride,
and 0.01-0.5 wt% of a rare earth oxide. A far—infrared
radiating composition comprises the material and a resin,
which may be formed in the form of plate, tube, sheet, or

fiber.

. This Sheet Has Been Replaced - | THIS SHEET HAS BEEN

AW =
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[err] 7. Afar-infrared radiating conposition according to daim5, which

Is forned in the formof tube. 8 A far-infrared radiating conp05|tu?
according to daim5, which is formed in the form of sheet. 60 @W7 l
A far-infrared radi ating conposition according to Claimb5, which is formed

in the formof fiber. - 17 - 18-
'FAR-INFRARED RADIATOR

ABSTRACT OF THE DISCLOSURE

A novel far—infrared radiating material is provided,
which can effectively radiate thermal energy necessary
for exciting water molecules contained in animals and

5 plants, for example in human body. A far-infrared

_radlatlng materlal comprlses 5 60 wt% of alumlna, 20-70
wt% of at least one titanium compound selected from
titanium dioxide, titanium carbide and titanium boride,
20-50 wt% of at least one zirconium compound selected

10 from zirconia, zirconium carbide and zirconium boride,
and 0.01-0.5 wt% of a rare earth oxide. A far—infrared
radiating composition comprises the materiél and a resiﬁ,
which may be formed in .the form of plate, tube, sheet, br_

fiber.
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