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This invention relates to a #ii ber product containing or bonded with finely
di vided titanium powder, which is obtained by inpregnating a fibrous
substrate with a titanium water solution. The invention also relates to a
heal t hy fiber product nade by allow ng pantyhose, 10 socks, gl oves,
underwear, shirts, fitness/athletic wear, nufflers, supporters, wi stbands
and other products to contain or be bonded with finely divided titanium
powder. Background of the Invention Health-enhancing products are draw ng
nore and nore attention today, SPSCIHE#HI ghting the recent social trend
toward greater health-consciousness. Anong such products, "the apparel
being worn in day-to-day life is being recognized as having the potenti al
to i nprove and enhance oUHEAEFHYHFIBEREBREODUWNE! e the materials emtting
far- infrared and nmagnetic energies, as disclosed in Japanese Uility Mdel
Application Laid- open Nos. 1-93504 and 5-69104, and the carboni zed fiber

as- di Wl anese Utility 20 Model Application Laid-open No.

6321 éﬁﬁ%jﬂ%ﬂﬁﬁﬂl t he known heal thy fiber products, these products are
primarily iTHiehtestidrofeldidtetocdifiBerProdlics eamemingohichdnded evity Biely divadsd

technol ogi es avail able for .treating fibrous substrates for o

heal t HeRHFaPRYdRENWRIShip @btainedrhy imptegiatiog & Ebroyr subsrate withs: titewamn-bonded to
underyear  ARflnhosi ery, are known to provide deodorizing and antibacteri al
effects as well as greater appeal to the sense of 25 touch. Exanples of

such pr odudhs invention alsurelatesgan hebidiy fibertpppdualade byrutiedivg padntgtvsedor

absor bi n i tani ym conpound._|l i ke sodi um car bgnate or sodi um hydrogen
d9 b éﬁglfsg oves, un erwearr,rghlrts, ﬁtncss‘?athlegc Wear, muﬂQlers, supporters, wnstbagds an

other products to contain or be bonded with finely divided titanium powder.

Background of the Invention

Health-enhancing  products are drawing more and more attention today,

15  highlighting the recent social trend toward greater health-consciousness. Among such
products, the apparel being worn in day-to-day life is being recognized as having the
potential to improve and enhance our heaith. However, while the materials emitting far-
infrared and magnetic energies, as disclosed in Japanese Utility-Modeprplication Laid-

open Nos. 1-93504 and 5-69104, and the carbonized fiber as disclosed in Japanese Utility

20 Model Application Laid-open No. 63-199110, are among the known healthy fiber products,
these products are primarily intended for the cure of diseases, and there aren’t many

~ technologies available for treating fibrous substrates for health-enhancement purposes.

Furthermore, certain particles, when bonded to underwear and hosiery, are known

to provide deodorizing and antibacterial effects as well as greater_ appeal to the sense of

25  touch. Examples of such products include underwear that is topically bonded with an odor-
~ absorbing titanium compound like sodium carbonate or sodinm hydrogen carbonate
(Japanese Patent Application Laid-open No. 52-21951); socks treated with
metallophthalocyanine for improved antibiotic and deodorizing effects (Japanese Patent
Application Laid-open No. 63-112701, Japanese Utility Mode! Application Laid-open No.

30 7-9906); and antibacterial uﬁdershorts/panties topically bonded with bivalent or trivalent
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socks Pagnif agplitdtiontIiid-6pér Ne. 91228249 aairésathinp eresied rwith arcoarbthatiohiafve
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poly(sulﬁ?nic acid and qufRemary- ammoniumysai\t/t%or better antistatic effect (Japanese Patent

Application Laid-open No. 9-268476); socks, pantyhose and other hosiery bonded with
epigalld catechin gallate (Jaf:a:nese Patent Application Laid-open No. 10-195701); a
thermal cloth bonded with ceramic powder (Japanese Patent Application Laid-open No. 11-
269761); a fiber structure treated with ascorbic acid for a more refreshing feel and pain-
relieving effect (Registered Japanese Patent No. 2562233); socks bonded with tourmaline
to reduce foot perspiration and relieve fatigue (Registeréd J ai)anese Utility Model No.
3040113); and socks treated with mineral salt (Registered Japanese Utility Model No.
3028232). However, these products bave a long way to go in fulfilling the demands of
today’s health-oriented society.

| Compared to such metals as iron, copper or aluminum, metallic titanium is a
relatively newly discovered metallic material. The physical properties of titanium—namely
its low- weight and high strength, the latter of which is exhibited even at hi‘gh
temperatures—have found use in many fields. In the industrial sector, titanium is used in jet
engine in the aeronautics and space industry, and in the tubing and tube sheets in the heat
exchangers of nuclear and thermal power generators in the energy industry. Titanium is also
used in eyeglass frames, golf club heads and other articles.of everyday life. Moreover,

titanium is likely to expand its range of applications.
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As mentioned earlier, there are no known technologies that use metallic titanfum

. for functional water or the like, except that a relevant technology is applied to the drinking-

15 . water production system that takes advantage of electro-osmosis with the use of metallic
titanium as a negative electrode (Japanese Patent Application Laid-open No. 50-40779).
While much is anﬁcipated regarding the potential applications of titanium in the fields of
bioactive materials, food ingredients and medical products, to date none of those potential
applications has taken shape.

20 | The inventors of the present invention have studied the effective use of titanium
for health purposes, and as a result have developed a highly functional water—which
contains dissolved titanium obtained by combusting the metallic’ titanium at high
temperature generated by the combustion gas, which is in turn produced by burning oxygen

- and hydrogen in high-pressure water within a pressure-resistant container—along with a

25 method and apparatus for manufaéturing the same. A patent application has already been
filed for the above invention (Japanese Patent Application No. 2000-136932). The present
invention is intended to apply the titanium-dissolved water obtained thiough the above

manufacturing method and apparatus for use in the treatment of fibrous substrates.
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t akes advantage of electro-osnosis wth the use of netallic titaniumas a
negati ve el ectrode (Japanese Patent Application Laid-open No. 50-40779).
While nmuch is anticipated regarding the potential applications of titanium
in the fields of bioactive materials, food ingredients and nedi cal
products, to date none of those potential applications has taken shape. 20
The inventors of the present invention have studied the effective use of
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The purpose of the present invention is to apply titanium’s superior functions.to
the human body through the impregnation of fibrous substrates with functional water
containing the aforementioned, finely divided titanium powder, in order to provide healthy'

15 fiber products that help activate biological cells, limit excessive perspiration, relieve fatigue
and'-p(.)sitiv-ely affect other health factors. _

Tﬁe present invention is inteﬁded to solve the existing problems described above,
and is directed toward healthy fiber products made of. fibrous substrates containing or
bonded with titanium.

20 Through an effort to develop a material offering a number of excellent functional
features with the gdal of developing innovative healthy fiber products, the present invention
has succeeded in producing superior healthy fiber products by selecting titanium as a
material offering functionality and the fibrous substrate as a base material, as well as by
alloﬁng the fibrous substrate to contain or be bonded with finely divided titanium powder.

25 The present invention is directed toward healthy fiber products that are allowed to
contain or be bonded with finely divided titanium powder through impregnation of the
fibrous substrate with the titanium-water solution and subsequent drying, and is capable of
ﬁroviding healthy fiber products by allowing the non-woven or woven fabric used as a
fibrous éubstrate to contain or be bonded with finely divided titanium powder,

30 The fibrous substrate of the present invention refers to the non-woven or woven
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“invention refers to the non-woven or woven 2 7 AUG 2 b ~ ~ fabric obtained
from wabsWald- fibers, cotton, rayon, acetate or other natural/senisynthetic

While the titanium used in the present invention has traditionaily been calied the

“mysterious life power” and is known to provide many beneficial features such as
deodorizing, antibacterial, antifungal and fire-retardant actions, the inventors hereof have

15 become the first to identify that the titanium provides outstanding health-enhancing features
when used in contact with the human body. The mechanism of improvement-in the health-
enhancing features through use in contact with the human body has yet to be theoretically
demonstrated, but it is speculated that such an effect is attributable to the perspiration,
muscular metabolism, and blood purification promoted through the body’s key points or

20  “pressure points” by enabling the fibrous substrate, which comes in contact with the human

) skin, to retain titanium through means of the present invention.

Brief Deécription of the Drawings ,
FIG. 1: The views of the surface conditions of the fibrous substiate sprayed with

25  the titanium-water solution depict the degree of adhesion of finely divided titantum powder
(specimen 1). _
'FIG. 2: The views of the surface conditions of the fibrous substrate impregnated
with the titanium-water solution similarl.y depict the degree of adhesion of finely divided
titanium powder (specimen 2).
30 FIG. 3: The views of the untreated substrate obviously show no signs of change on



fibers, polyacrylic fibers, polyvinyl alcohol fibers, polyester fi Eeés 200!
pol yam de fibers or other synthetic fibers. ' Exanples of fiber pro u‘%‘*ﬂ%

containing or bonded with finely divided titanium 5 powder in the present
i nvention include pantyhose, socks, gloves, underwear, shirts, '
fitness/athletic wear, mufflers, supporters and wistbands. The process of
i npregnation with the titaniumwater solution of the present invention
refers to the process in which the fibrous substrate is allowed to contain
or be bonded with finely divided titani um powder by inpregnating the

fi br outhe smbgicr(speeinndrt 3). t he 10 nornmal |y used treatnent solution or spraying
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being obtained by combusting metallic titanium at high temperature via the combustion gas

generated by buming oxygen and hydrogen in high-pressure water within a pressure-
resistant container, as described m the aforementioned Japanese Patent Application No.

15 2000-136932. |

In the present- invention, the aforementioned healthy fiber products can be obtained
by impregnating said fibrous substrate with the above-described \;vater solution containing
titahium, completely drying the treatment solution, and allowing finely divided titailium
powder to adhere to or be retained on the surface of the fibers. |

20 The treatment using the functional water containing finely divided titanium
powder in the present invention may be performed on the fibrous substrate, or such an
impregnation process may be performed on finished products such as pantyhose, socks,
gloves, underwear, shirts, fitness/athletic wear, mufflers, supporters and wristbands, as
mentioned above.

25 In the present invention, the health-enhancing features of metallic titanium can be
effectively used by turning a fibrous fiber into a healthy fiber product through the bonding
or impregnation of finely divided titanium powder. '

The actions and effects inherent to the present invention can be best demonstrated
in pantyhose, but the expected effects are fully achieved in other products, as well. '

30 ' The present invention involves the process of impregnating the fibrous substrate



FIG 2: The views of the surface conditions of the fibrous substrgt-le AUG 2004
i npregnated with the titaniumwater solution simlarly depict th 'degreg
of adhesion of finely divided titanium powder (specinmen 2). 30 FIG 3: The
views of the untreated substrate obviously show no signs of change on 27
AUG 2004 the surface (specinmen 3). FIG 4: The views of the speci nen shown
in FIG 1 after five laundry cycles depict the presence of finely divided
titani um powder on the surface of the sprayed fibrous substrate (specinen
4). FIG 5: The views of the specinmen shown in FIG 2 after five ltaundry
cycl eswinh&ivatet Bufidesaitdiring finklyndivided titentiea powden FIGS . pothaerghanshove
surface of the inpregnated fjbrous,6K substrate.(specinen ﬁ) Best de for
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) 10 FIG. 3 (specimen 3) shows the views of the untreated substrate, obviously showing
no signs of change on the fibrous surface.
FIG. 4 (specimen 4) shows the views of the specimen shown in FIG. 1 after five
lanndry cycles, depicting the presence of finely divided titanium powder on the surface of
the sprayed fibrous substrate. A '
15 . | FIG. 5 (specimen 5) shows the views of the specimen shown in FIG. 2 after five
laundry cycles, depicting the presence of finely divided titanium powder on the surface of
the impregnated fibrous substrate. ' .
~The finely divided titanium powder is marked with an arrow («) in the
photographs. |
20 The test results demonstrating the beneficial cffects of the healthy fiber products
) relating to the present invention are described below. '
Panel testing was performed (by five panelists) using fiber products (A) and (B) of
the present invention and fiber produqts (C) and (D) prepared as comparative samples.
Tested Fiber Products
25 (A) Nylon pantyhose made by treating with the titanium-dissolved water and
allowing the titanium to be retained 6n the surface of the fibrous substrate (sample of the
invention). |
(B) Underwear made from polyester-cotton blended fabric treated with the

titanium-dissolved water to cause titanium retention (sample of the invention).

30 (C) Untreated nylon pantyhose (comparative sample).
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Evaluation of Test Results ,
The above test results indicated that the fiber products obtained in the present

15 invention demonstrate excellent sweating action, fatigue relief, vitality improvement and

other health-enhancing features through the bonding of finely divided titanium powder, and

8
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ti t ani degrade stemificanthyavesrafishsepeated Sk DRIESt i t ani um to be retai ned on the
surface of the fibrous substrate (sanple of the invention). (13) Underwear
made from pol yester-cotton blended fabric treated with the "
titaniyondia TN of Apali@iioh0 cause titaniumretention (sanple of the

i nvention). 30 (O gntreat ed nyl on pantyhose (conppatatiyv anpl.e 27 AUG
2064 (D) UntAscesplaineshahavaethe fihen @radogth oBaning oF %Bé%owl‘ﬁl‘%ﬁ@gﬁ“%%i c
(conpar,at.ive s | @).. I k 6 | uat ed
by avala o RET efiting o R ESE B Ehidrii il pin T TEs Yl e e e
panel igahfncefnent tth@ugh athdp Prothstial fweatiting actiomgn reliedt frigue fatigyecfand

vitality and other 1tens. _ . . .
im}/)rovement of metabolism, and are extremely useful as highly functional fiber products.

Furthermore, the healthy fiber products containing or bonded with finely divided titanium

) iO powder obtained in the present invention have great resistance to repeated laundering.



1) a: Sweating action, b: Feeling of fatigue relief, c: Enhancedo%i t?\ll,,i ty
and energy H) 0: Good, 0: Mdderately good, Fair, X : No effect ge gd 004
The obtained test results are shown in Table 1. 10 Health New One | aundry
Five laundry 10 laundry product cycle cycles cycles AAa e O0 0 ADb A

Eval uati on of Test Results The above test results indicated that the fiber
products obtained in the present 15 invention denonstrate excell ent
sweating action, fatigue relief, vitality inprovenent and other

heal t h- enhanci ng features through the bonding of finely divided titanium
powderwhaid chinfed¥G 2004 that such features offered by finely divided
titani um powder adhering to the fiber do not degrade significantly even
after repeated Iaundry cycles. Industrial Field of Application 5 As
explaln abp t he, i ber oroduc n

di vi ded t| t‘dé\rfﬁﬁ’fﬁ’ ! ?01}1%1 i A 6?%’51&?%31 ?}éélg @ﬁdg‘@eﬁﬁ*gﬁ%‘#%r oé/e:rdg1 superi or
effects ﬂrﬂdﬁ&rﬁﬁng)fobﬂﬁﬁa’dt By ﬁ@h@gﬂﬁtﬁ@m ﬁbﬁﬁ@@bstﬁdﬁe witlortitaaiumfwaereat i ng
action, relief fromfatigue and inprovenent of netabolism and are
exSrerreISplujmful as highly functional fiber products. Furthernore, the
healthy fib oduc 0 { _ani um

10 powd ﬁﬁ‘g 35”9@??1 %‘%as&@ié&fm ﬂ%@g? S@ge%v%%?gg&rsggﬁﬁ%c%% o]

r epeat eGydyau v Wove fabric. :

3. The fiber product as described in claim 1 or 2, wherein said product is pantyhose,

socks, gloves, underwear, shirts, fitness/athletic wear, mufflers, supporters or

10 wristbands.

10



2 7 AUG 2004 What is clained is: 1. A fiber product containing or2bbnia 2004
with finely divided titaniumpowder, the product being obtained by
i npregnating a.fibrous substrate with a titaniumwater 5 solution. 2. The
fiber product as described in claim1, wherein said fibrous substrate is
non- woven or woven fabric. 3. The fiber product as described in claiml or
2, wherein said product is pantyhose, socks, gloves, underwear, shirts,
fitness/athletic wear, nmufflers, supporters or 10 wistbands. 10 Abstract
A fiber product offering health-enhancing effects is obtained by causing a
fibrous substrate to contain or be bonded with finely divided tit-ani um
powder through the process of inpaggretion with a water sol ution
containing finely divided titanium powder, which is obtained by dissolving
metallic titaniumvia the conbusti on gas produced by conbusting a gaseous
oxygen/ hydr o Th X iy ein HURREARIUNS HRLS s bblafhel b5 2Rz hRSEE™
substrate to contain or be bonded with finely divided titanium powder through the process

5 of impregnation with a water solution containing finely divided titanium powder, which is
obtained by dissolving metallic titanium via the combustion gas produced by cpmbusting a

gaseous oxygen/hydrogen mixture in high-pressure water in a pressure-resistant tank.

10
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