FUNCTIONAL FIBER, PREPARATION METHOD THEREOF AND FABRIC MADE OF IT FIELD OF
THE INVENTION 5The present invention relates generally to a functional fiber, the preparation method
" thereof and a fabric made from the fiber. More particularly, the present invention relates to a process
of making a fiber by subjecting functional particles, thermoplastic elastomer (TPE) and polyolefine to
secondary compounding and melt spinning, and weaving the fiber to form a fabric, which exhibits the

functions of deederFRYaMY. #1HBRCPREPIIRPIRN W1sePERISIP I RgERIng:Negayive ions or far
ncing filtration effect of the fabric and improving the quality of air. BACKGROUND

infrared, and enha
OF THE INVENTION  Since enviropgrakpedipEIsetmg worse, the amount of negative ions in
the air is decreasing. Furthermore, people spend almost 80% of time living in an indoor environment,
and in such a limited space, to keep a good quality of air is necessary. Accordingly, a screen material
20 such as an air filter or a screen window, which is used in an indoor environment and close to
human bod¥ IEAsE|&)/Ed FhEMPOrENTdE T maintaining human health. To improve the quality of air
by using an air filter is one of the most economic and effective ways _of currently known methods.
Fabrié products ddtRaipifgefinénsealiparigtdeseeesl yederating nelatié iBR8rdiB%o their
contribution for human health, have gain lots of ag@e@jon among, the textile industries and around the

world. How@VePEaHeBnIBRRIE s TReh rldg? h iRt f a BbatterBibridehich M Wpable of

ti tive | - th by i neral tive | € tor.i ill d t ti
s, NeverHSIBEUI S ol IO BAETIaro T e dparh B Ies ) MR KT or human
bod d th th £ Id t bel tiveyd ted
erely disth S i e A g S o o B S e, T view
that Convef}ﬂeﬂ%it@ﬁﬂmgwﬁﬁaﬂpi iifaieeNgua e 9. manufaptning, gifigaand a fabric

with better functions, inventors of the present invention have been actively devoted ih the research and
develgpmeniier ieams,and Lontindedni FAPeebardthavareaches afcadabvlievaliehresults. In 2004,
the patent application for the first generation technique was filed as Taiwan patent application No.
93129156, hhnithictehias, hasidadiopred foopatephBe sifasstiaratigly megytBxpéonsentsfand
improvements, a new technique was generated and applied for patent as US patent application No.
11/416,155 iR@ssrdly pacherdiaechngigfittabeefegvelopbd dnbrihusthe psenngpfiication is
presented. There are techniques relating to antibacterial deodorization fabrics or 20 fibers in the art.
For examplé},llgb‘i}ﬁétéﬁmo. 4,784,909 relates to a technique of antibacterial deodorization fiber,
wherein copper is added into the fiber. US patent No. 6,540,807 discloses a technique of antibacterial
fabric, wherein the fabric is weaved to form a filter and the fabric includes thermoplastic resin and

antibacteria Q, iscloses a technique of deodorization fiber, wherein
the fibrer mcggeg%#g/@l@%%%ﬁgp%ﬁ@ﬁé lent metal hydroxides. Nevertheless, the prior
arts mentioned aoye. arg (fier el fom NGIRGGSAN!DveRIGRIN ehnicaleatises, fhedpresent
invention is based oh the achievements obtained from the mventor's continuing research and

manufacturingen, S¥REHSACES (RBGIE I RIOVRG S XPeriipaiakeyid thatdhe pisssat invention

does have practical effects, which meets the requirements for a patent. The patent application is thus
filed to proteggherachigyemeanisiafdhdhaventers rsaath aatdayelefime timle impraye existing
environmental pollution, the present invention is to aimed at achieving the objectives of improving
indoor air qualike AR and keeping of healthyacekkaalth chrecninighigblesersdronmatariahnd is
focused on developing to improve existing fiber structures. A persistent multifunctional self-cleaning
filter i® devetowpdd awharemiths figncevreal smgﬁnawéﬁ@@mewg@ natursephigsieal finsixmental
influences such as 15 wind, light, water, and heat in_the environment through the mechanisms such as
air flow and e8iviperTFat dimsterlese i BRI MIaReN b hBersl arRipABLoBEIaRSRE RIS B action to

excite the piezqelectrjc effect, pyroelectric effect, photoelectric effect,.catalytic effect, catalyst effect,
and slow relB4dB GG H Z?ﬁquﬁﬁ%F tioni‘? sameRe ff iy 85 %gi%g'aeﬁ}%%@ﬁo healthy

self-air C'ea?é'ﬁ%;?ffse o S&E@%Séd%ﬁ{cé%rﬁ%&fﬁ%%{l‘?f% %?f%%ﬁ%"&%?ﬁ%T'é%%?é%ﬂ?’ﬁ%%%{v -proof,
anti-mite, negativelon, Tar-infrareéd ray, flame-proof, antistatic, anti-electromagnetic wave, and
elimination ina ach ' : :CO) : (KHKCHO), ozone
(03), ammo%%%ﬂ@%} acet;jﬁ#gh e%%é(’égﬁ%%{%%ﬁfdﬁ% S(:Ic%-lm O(l)%?,g]:r%%aoxs?)% 5E{EJMMARY

In a fist aSpg&‘meﬁ%fﬁgsrﬁr?%ﬁ%diéﬂ@,aﬂu@%uﬂ{@ﬂ@iﬂﬁ%@ﬁéﬁ%@tm%ﬁb%a@ﬂmMé@i@g1 (@)
preparing the following materials: (al) a first polyolefine chip, 70%-95% by weight, as a substrate; (a2)
at least one of plural functional particles, 5%-30% by weight; and (a3) a theiinoplastic elastomer (TPE),
1%-40% by weight; (b) compounding the first polyolefine, the plural functional particles and the
theimoplastic elastomer to form plural masterbatchgs; (c) providing the plural masterbatches and a
second polyolefine chip, the second polyolefine being formed of the same material as the first
polyolefine, and melting and mixing the plural masterbatches and the second polyolefine chip to fomi a
composite material, such that the content of the plural functional particles is 1-10 wt. % based on the
weight of the composite material; and

=




(d) subjecting the composite material to spinning, cooling, thermal stretching, and heat setting to foiin
the fiber. In a second aspect, there is provided a functional fiber produced by the manufacturing
method as defined above, wherein the diameter of the fiber is 0.01 mm 3mm, and the fiber includes
plural functional particles. In a third aspect, there is provided a fabric produced from the fiber as
defined above, wherein the fabric comprises plural fibers in warp direction and plural fibers in weft
direction geiavdatwiot extenstaer amongethestowideivedithecsrassheananstihe igeifovide a
method for manufacturing a fiber having, better functions.The method is characterized in, utilizing
multifunclidPaieystickanyeatiumhsxbisstnehrotes) dvs pofiolEmmed caniisdimdifiica preferred
ratio and spinning to obtain the fiber. Through the elasticity of the thermoplastic elastomer, the
functionaMpatelIes capabIRipik g@ﬁé@@ﬁ%rﬂﬁ%\f@.@ﬁéﬁ@@ﬁ%ﬁd’d%é&% rdiRG 3 the method of
the present disclosure comprisgaS-BOo/ of the multifunctional particles (particles such as tourmaline,

nano metéiit T80 hhbtod Iy%%z%é%%ﬁcr@@gﬁém@).@ﬂée the\fi& Weaved to form
e e b e e S
Conam A ESIHORS o807, iy PRURIEL  BRA arGU en tgh F ean SRIL ACH s air flow
cffect, CALI R B RO S et ATt o e A S BB R T S5 B, et ocor

neutralization of the multifunctional pagicles.in the ﬁ}g S nd objective of the present
disclosur&?ﬁtac%ﬁ]reo\l/? & 4'me ﬁ%g%% mfé%l%%(? l}ﬂ%dg gf‘fb%@- gﬁ%%igher economic effect and being

able to generaig, ngaiye fons, s Malherkis haracieleed In Bt et fyngliang) partcies are

submicron tothinaline, through the elasticity of the rmoplastic elastomer, ric weaved from

the fibers gan pravideing e iRptam e ing Aewatiitand intmala e RubTicB fagemaine to

generate negative 1ons ctively. ird objective of the present disclosure is to provide a

method fogﬂé@?ﬂfaﬁ%%@iaﬁ'b%@%ﬂ%@_ﬁﬂ-@@ﬁ@é@l effechiEe methad isehasacterizgg in that the
utilized fuhctional particles can be nano silver and also enzyme. The fourth objective of the present
disclosureyis{a Hsayids argrethost-lormansirivieg afibe e ghaxhibiingplantliagrance
persistently The method is characterized in that the utilized functional particles are microcapsules and
plant extragiegigS$eRHR! gifs kg, fRCaPEYIatedinsidr theateisroappsiies ohhiighiappfigptiately
blocking the release of essential oils with the theimoplastic elastomer, the objective of allowing the
fibers to exbifitdrasiapetRR{SisRAlY s hie Yo anFosthe heaithyasion altI Bapd démand stated
above, through the influences of the mechanisms such as air flow and temperature difference, friction
vibration efiieHibers bedghal tbevailfidungtitnal paBisteddihetheangxhibitrey plunaditinateffects and
form a persistent, water-washable, functional, healthy, health care, self-cleaning filter. DETAILED
DESCRIPH® M§PrimPREFERREDEMBQRMENTeriBretpdeaadt apmeintidris fpatsed on
researching and testing functional fibers. The basic features of the technique is that the fibers of the
present invefi®paterhapplacatied bocdnpblimding. mafetainthcladiny pbiyolefinpi¢hemmoplastic
elastomer (TPE) and multifunctional particle to 5 foun functional fibers. Through the mechanisms such
as air flovheemgeratlrpediffardritelsfict gredbrdtiappdidibers angasighdillumination, the piezoelectric
effect, pyroelectric effect, photocatalytic effect, catalyst effect, slow release effect, etc. of the
multifunctional Pheiglesarteshiniensiverl atitigeto arhhastarislhdandprertonciebiiag effects such as
sufficiently effective bacteria-killing, anti-bacterial, mildew-proof, anti-mite, negative ion, far-infrared
rapoflametihrenst, untiqatierantirscesampieiivavea@ithinaforfef edREMhiRalAesuth & odor, hair,
TVOCs, PMx, and so on, are achieved. The fibers are, weaved to form a 10 filter having 3D structure or
honeycori@ckrigir < WadibasH Hiedrdao8 tinaedistibiie VEhREHEI0RRR g 28MlHE € MRkhce filtration

performance, remove pollen and dust, thus achieving the environmental demands such .as persistent,
water-wa$h&bitDHeid Bﬁ%‘?@?éﬁ@ta@ﬂsﬁrﬁ)dégi é&%%?g%‘seﬁ\ﬁ% I &BEE’&?%‘E}P nergy

saving. 15To facilitate the examiner tq understand t racticability of the sent invention, certain
embodiméﬂ@\ﬁzill"lﬁ%@@%ﬂggg?ﬁbaﬁéﬁ B@Wait% Qi'gl?e?:ffﬁ?t%ﬁ %H{J?é%%%ﬂ@ f)?&i@ thvention The
present inyention is focused on researchi nd.testing the 20 functional fibers. T g features of
the techn%h?é*?%QHg%%HS eyt of 6%%%%‘?&% tiéﬁ%‘;{?& mgiﬁfaﬂ?g?gé ormp u@?g functional
particles, thermoplastic elastomer a olyolefine, such,that the fibers hav ecial funetions, and can
be’dsed t 1&%8&83 %b‘??ngwﬁél?aﬁ)ﬁgé%%ﬁ rézgﬁz%ﬂ flllt%?? ora srglenpg?f gfrlsgo ra%?gr%&ggreen

window, or a curtain, or a 25TV goggle. B. Fibers of the present invention  The fibers of the present
invention are mainly fibers produced from compounding functional particles (the functional particles
can be 5 submicron tourmaline particles, microcapsule encapsulated with plant extracted essential olil,
nano silver particles, or enzyme), thermoplastic efastomer (TPE) and polyolefine (for example,
polypropylene or polyethylene) together. Through the addition of the thermoplastic elastomer, the
fibers of the present invention have better elasticity and



iofriction characteristic, and thus allow the functional particles added to generate better performance.
In the first embodiment of the present invention, the functional particles used are tourmaline having a
particle size ranging from 1 pmto 100 nm, and the fibers produced have a diameter of 0.01 mm - 3
mm. 15The tourmaline particles are in an amount ranging from 1 to 10% by weight based on the total
weight of the fiber, and the far-infrared radiation rate of the tourmaline: 0.948pm (3.48* 102 W/m2),
particle sit&@aiputisrcdbphasehajepanitidizplentonatad) hyd eoidasy theespbeisent that
tourmaline particles in an amaount of 3% by weight based on the total 20 weight of the fiber will have
best ecorlGRiPEHE A FHEHEEOREHVRRAHS IR SIS BL N tHacRERIS I JEMfEFHfRgRegative ions,
far-infrared ray,, self-cleaning, degdorization, anti-static, anti-electromagnetic wave. Furthermore, one
or more MGBPHREILCERTER anihJFaPISESEH N KEHEND BarkBov A I AISMRINERRic oxide,
ferric oxide, silica, tupgsten ,oxide, manganese oxide, cobalt oxide, nickel oxide can also be added.

in the secdPREFBodRABNt BIRndTHYEBAN veRRbRHRLAEICREATbar Moo AR ARG siver
particles, so as to generate, the functions,of anti-bacteria andmildew-proof, The nano silver added is in
an émourﬁxgqﬁlﬁg%ﬁsfr% ]ttolfo%%\}e\ﬁebﬁteﬁ%%ﬁ t%‘t’éﬁ?fé%’?t E)Ef%gt?ﬁ)éﬁ%g&% to allow the

web weaved from the fibers to exhibiE.th healthy effects of bacter'ﬁ-kiljin -anti-bacteria, mildew-proof,
2t mite, SRS BHGh. QRO SHICE] O BartitU et BaSEr R TG AN Agter 4, Mildew-proof

factors, such as chitin, enzyme, or nanQ-nobi eta r,.QzINec r lat) alladium,
niobium, (paaﬁeas%o b@%gg .n% %l%ﬁfﬁ od Iogf ggr%%lﬁ:il%%%ung{i%ﬂeaﬁtgén%%@%%%@o hé%present

invention n i%gg{g&)giﬁfe%e%rl%%a%ilgg %&g&éﬁ%ﬁ{yoleﬁne chips as a substrate, wherein the first

polyolefine chips aré'in thé"amoun y weight based on the total weight of the fiber and

olecuar weig o B e s 1o o e LAt mvention
arg explaipeddy 80 4 kvafnolverapieam Angifunehpselpartisiea asiexamiles (iscppragraph is

explained microninaline), in the amount of 5%-30% by weight based on total 20'weight, and a

then toplaglig qlagiamer {TRERLSPAM) Hedhe ameurieh sy aneialhbassd améorl weight, and
compounding by a twin-screw extruder to form plural masterbatches, and then combining the plural
masterbaichesuithanpdditignmsesondpelvelefinemychizthe sameras. therfitst medvaiefine, and
melting and mixing the plural masterbatches and the second polyolefine to form a composite material,
such that fhgliTaheeriant afdrusealingdn feceotmpasie matelialisdrdhWih &b fanditbaaisubjecting
the composite material to spinning, cooling, thermal stretching, and heat setting to form the fiber. The
spinning teimperaitire fioutilial the Serangearal 2406138DCufin thecankialy Dpenated axdmptes of the
present invention, the spinning temperature for polypropylene is 200C-250C rise, and for polyethylene
is 250C-30a6J, the HtaftingdgctordsiSttimeth@ndheisstuatin ppbraigghexamples bithenpsesent
invention, drafting factor is 6 times), the heat stretching temperature is 130C-160C (in the actually io
operated syahmptesiofftbevpreskrrinventione tHifierbatwafecisarsedlfmtsiretchingprandittie heat
setting temperature is 70C--100C.  The melt-spinning mentioned above is conducted by heating and
melting thphuatiopatsitesnastabitiangiogxiniding:thg ertéitegi nratetattinone Bgiciiipylosiesinto air, while
cooling in the air, winding at a constant speed, 15 and solidifying while the melted composite material
is thinninge Edfitte plotingd dotrhe ¢ feaad. thetabiéc affigcthaabal strattitioy andriflamcealasssanical
properties of the fiber. In the melt-spinning process, the spinnable polymers obtained from a polymeric
process atHeempérigramighaneaion mantidgsoint therdabers, ex@ruifedicrrafhinschsles in the
spinning plate, 20and then cooled and refined to silky solid, and winded at the same time. C.
ErabodimbBsel $nthe FaHcabhnal psrRiBg of téestesentiiientin  sufticglneraedireyagve ions from
the fiber, the functional particles used 25in the present invention are submicron tourmaline particles.
To exhibitPastBackeHarand iSRS efrdtideme RiRSdon A ltRISs uBBE3H YKe pR8Sent invention

are nano sjlver particles, and as shown in. the following test results, the present invention also has
better ami%&grfw%ormdé&%&r@ﬁ%c@nﬁw&m%}ﬁlﬁ&ﬁwaﬂ%&%na’ﬁ%ﬁ%ﬂ éHfistts, the

elimination of contaminants such as odor, hair, TVOCs, PMx, CO, CO,,
formaldehyde (HCHO), ozone (O;), ammonia (NH;), acetaldehyde
25 (CH;CHO), acetic acid (CH;COOH), and so on.



5 functional particles compounded and added in the fiber of the present invention are inicrocapsule (in
the examples of the present invention, the microcapsule is included in an amount of 1% by weight),
and a functional material is encapsulated in the microcapsule, wherein the material of the
microcapsule can be chitin, and the functional material can be plant 10 extracted essential oil, so as to
exhibit the%ﬁé\ﬁ%@%raﬂng fragrance, and as shown in the following test results, the present
invention has the effect of persisting the fragrance, Besides, the functional particles used in the

present inventiéf canHido BEPEREy HETFhISh RBERIBETeS td IR HIARRH NGRS RGN dktent. 15 D.

Test Examples of th %l'ssent invention In the test examples of the present invention, polypropylene
with mole t'6PS1 ST hiH8te is used as the substrate. Firstly, 20% by weight of

polypropylene and the following materials: (1) 20 functional particles of flame-proof material, 15% by
weight, (2) func@@ialﬁf%@&%ﬁ%fﬂi&% dﬂﬂ%ﬁ?ﬁ%ﬁ%m% by weight, (3) functional particles of

PRI 1 S 0 T
o 2ot ctopang RS ST BB BRI ) Lo, o (179 99%

by weight are prov € materia
twin-screw extruder to fQjlijyplural masterbatches. Then, 40% of the plural masterbatches and 60% of

additional polypropylene-are provided, and the masterbatches and the 5 additional polypropylene are

ded t j j i ) iS.i . tof 32% b
weight based &%‘K@%‘iﬁ%ﬁ‘ﬁéﬁ%ﬁ%ﬁ%‘, t 5@?%%@ a??fi;ﬁ%é%ﬂﬁié%ﬁé%g‘m%‘g “cooling.
thermal stretchingy and, lﬁ%a@ﬂc%@léoﬁysweg&%ﬁeﬁf%Swmfsrnﬁﬁ{e%ﬁammeléém drafting

factor is 5-6 times; thermal iostretching tempetattre is 100C, a eat setting temperature is 85C.

To conduct specifc exRemeNfer e ShATAMARIRSY IR AGEHIERURS (0 a fabric: tha

is, plural fibers in warp direction and plural fibers in weft directioh are weaved to form a fabric, the

sample size theygyf t}%ﬁi@?&@ﬁ&fph&@%&@feﬂ%ﬁé@ Ak DDA SRHIERERE U arp direction

distributed in an uhit fength is 42 stripe per inch, and the amount of fibers in Weft direction distributed in

an unit length is 34 sitigeseebiehdMRINGOIBRISESFORHIIPHTSeR HaBtianLROTHe gsbanical test

results of the above samples of the present invention are as below. (1) Tensile strength 75 Table 1
(kgfcm2) Test times Niggaddigyeyblefinemaling 2%mielrmaline gdo taviriine 4¥etoysmatine 5%

tourmaline 1
masterbatches and the second polyolefine chip to form a
composite material, such that the content of the plural functional
particles 1s 1-10 wt. % based on.the weight of the composite
material; and

(d) subjecting the composite material to spinning, cooling, thermal

stretching, and heat setting to form the fiber.

In a second aspect, there 1s provided a functional fiber produced by the
manufacturing method as defined above, wherein the diameter of the fiber

18 0.01 mm ~ 3mm, and the fiber includes plural functional particles.

In a third aspect, there is provided a fabric produced from the fiber as
defined above, wherein the fabric comprises plural fibers in warp direction

and plural fibers in weft direction weaved with each other.



38.704 36.075 36.005 37.085 36.251 36.215 2 39.483 36.108 38.068 38.251 37.511 38.014 3 44.581
40.652 37.065 39.125 38.253 37.588 4 42.015 40.206 40.126 36.001 35.921 37.263 5 41.076 38.254
36.008 35.759 38.205

The first objective of the present disclosure is to provide a method for
manufacturing a fiber having better functions. The method is
characterized in utilizing multifunctional particles, thermoplastic elastomer
(TPE) and polyolefine, compounding in a preferred ratio and spinning to
obtain the fiber. Through the elasticity of the thermoplastic elastomer, the
.functional particles can exhibit the best performance. The fiber produced
according to the method of the present disclosure comprises 5-30% of the
multifunctional particles (particles such as tourmaline, nano metallic
particles, photocatalyst, enzyme, and microcapsule). Once the fibers are
weaved to form a web and to compose functional fibers, the indoor air
quality (IAQ) can achieve the healthy self-air cleaning effects such as
sufficiently  effective  bacteria-killing, anti-bacterial, mildew-proof,
anti-mite, negétive ion, far-infrared ray, flame-proof, antistatic,
anti-electromagnetic wave, elimination of contaminants such as odor, hair,
TVOCs, PMx, and so on, through the mechanisms such as air flow and
temperature difference, friction vibration of fibers to excite the
piezoelectric effect, pyroelectric effect, catalytic effect, photoelectric effect,
catalytic effect, catalyst effect, slow release effect and odor neutralization
of the multifunctional particles in the fibers.

The second objective of the present disclosure is to provide a method
for manufacturing a fiber having higher economic effect and being able to
generate negative ions. The method is characterized in that the utilized

functional particles are submicron tourmaline, through the elasticity of the

¥}



36.952 Average 41.1718 38.259 37.4544 37.2442 37.2282 37.2064 From the experiment results of
Table 1, it is realized that as the tourmaline content gets higher, the tensile strength will decrease
gradually,  while it is still kept at the required strength, and therefore the tourmaline 5particles added
in the present invention are preferably in the amount of 1-5% by weight based on the total weight. (2)
Tensile strength Table 2 (kgf/cm2) Test times No additive 1% tourmaline 2% tourmaline 3% tourmaline

4% tourmaiHE HRPiRstRakhesiongss te 7iabyie 7esvedadrony dho fibwss 2eam poyide

better vibration during flow of air and thus allow the submicron tourmaline
to generate negative ions effectively.

The third objective of the present disclosure is to provide a method for
manufacturing a fiber having anti-bacterial effect. The method is
characterized in that the utilized functional particles can be nano silver and
also enzyme.

The fourth objective of the present disclosure is to provide a method
for manufacturing a fiber capable of exhibiting plant fragrance persistently.
The method is characterized in that the utilized functional particles are
microcapsules and plant extracted essential oils are encapsulated inside the
microcapsules. Through appropriately blocking the release of essential
oils with the thermoplastic elastomer, the objective of allowing the fibers to
exhibit fragrance persistently is achieved.

For the healthy and health care demand stated above, through the
influences of the mechanisms such as air flow and temperature difference,
friction vibration of the fibers or light, the multifunctional particles fiber
can exhibit a plurality of effects and form a persistent, water-washable,

functional, healthy, health care, self-cleaning filter.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The present invention is focused on researching and testing functional
fibers. The basic features of the technique is that the fibers of the present
invention are manufactured by compounding materials including

polyolefine, thermoplastic elastomer (TPE) and multifunctional particle to

5



21.129 22.349 20.609 20.308 3 26.816 24.627 21.764 22.047 21.086 21.117 4 21.314 18.03221.796
19.449 21.625 20.598 5 22.108 24.49922.229 23.603 21.855 21.717 Average 23.1698 ,22.012
21.936621.7586 21.5762 21.1652 From Table 2, it is realized that as the tourmaline content gets
higher, io the tensile strength of the fabric of the present invention will decrease, too. When tourmaline
content is 1%, the warpwise tensile strength decreases by approximately 5%, and when tourmaline

content isfegs) tHaneiipwide fEthaife strddgpi@dréagedSLhppisRIthatIghB. 6%, aikildlew.tensile

strength is still kept relatively high. Thus, within the ran?e of adding 1-5% of o
temperature difference, friction vibration of fibers and sunlight illumination,

the piezoelectric effect, pyroelectric effect, photocatalytic effect, catalyst
effect, slow release effect, etc. of the multifunctional particles are

5 intensively excited, such that the healthy self-air cleaning effects such as
sufficiently  effective bacteria-killing, anti-bacterial, mildew-proof,
anti-mite, negative ion, far-infrared ray, flame-proof, antistatic,
anti-electromagnetic wave, elimination of contaminants such as odor, hair,
TVOCs, PMx, and so on, are achieved. The fibers are weaved to form a

10 filter having 3D structure or honeycomb structure, which can decrease
wind resistance, enhance loading ability, enhance filtration performance,
remove pollen and dust, thus achieving the environmental demands such as
persistent, water-washable, acid and basic resistant and the effects of
environmental protection and energy saving.

15 To facilitate the examiner to understand the practicability of the

present invention, certain embodiments will be described in detail below.

A. Basic technical features of the present invention
The present invention is focused on researching and testing the
20 functional fibers. The basic features of the technique is that the fibers of
the present invention are manufactured by compounding functional
particles, thermoplastic elastomer and polyolefine, such that the fibers have
special functions, and can be used to produce fabrics. The fabrics can be
an air filter, or a shoe pad, or a hat, or a screen window, or a curtain, or a

25 TV goggle.



tourmaline, the tensile strength is not affected. (3) Washing fastness test (conditions during test:
humidity 58%; temperature 29C) Table 3 (lon/cc) Added amount of negative ion Before test Average
after test for five times Decrease percentage of negative ion 1% 265 26399% 2% 350 3,4-398% 3%
383 365 95% 4% 435 416 96% 5% 489 46194% 5As shown in Table 3, the fastness is well
maintained before and after test. The amount of negative ions generated does not decrease due to
washing. b. Negative ion release analysis of the present invention 10(1) Negative ion static release
performance analysis:  Static mode negative ion release performance analysis, environment
condition: humidity 58%; temperafBrd'Bgers of the present invention

The fibers of the present invention are mainly fibers produced from

compounding functional particles (the functional particles can be

5 submicron tourmaline particles, microcapsule encapsulated with plant

extracted essential oil, nano silver particles, or enzyme), thermoplastic

elastomer (TPE) and polyolefine (for example, polypropylene or

polyethylene) together.  Through the addition of the thermoplastic

elastomer, the fibers of the present invention have better elasticity and

10 friction characteristic, and thus allow the functional particles added to
generate better performance.

In the first embodiment of the present invention, the functional

particles used are tourmaline having a particle size ranging from ! pm to

]

100 nm, and the fibers produced have a diameter of 0.01 mm ~ 3 mm.
15 The tourmaline particles are in an amount ranging from 1 to 10% by weight

based on the total weight of the fiber, and the far-infrared radiation rate of
the tourmaline: 0.948um (3.48%102 W/m®), particle size distribution: D50

(average particle size: 493 nm). It is found by the experiment that
tourmaline particles in an amount of 3% by weight based on the total
20 weight of the fiber will have best economic effect. The web weaved from
the fibers exhibits the effects of generating negative ions, far-infrared ray,
self-cleaning, deodorization, anti-static, anti-electromagnetic wave.
Furthermore, one or more microparticle self-cleaning factors such as nano

bamboo carbon, zinc oxide, cupric oxide, ferric oxide, silica, tungsten



Table 4-1 (lon/cc) Added amount of tourmaline Filter 1 layer Filter 2 layers Filter 3 layers Filter 4 layers
ggtzer 5 layers 1% 265 412 532 620 712 2% 350 523 652 734 825 3% 412 589 756 834 985 4% 465
oxide, manganese oxide, cobalt oxide, nickel oxide can also be added.

In the second embodiment of the present invention, the functional
particles used are nano silver particles, so as to generate the functions of
anti-bacteria and mildew-proof. The nano silver added is in an amount

5 ranging from 1 to 10% by weight based on the total weight of the fiber, so
as to allow the web weaved from the fibers to exhibit the healthy effects of
bacteria-killing, anti-bacteria, mildew-proof, anti-mite, and so on.
Furthermore, one or more particulate bacteria-killing, anti-bacteria,
mildew-proof factors, such as chitin, enzyme, or nano noble metal copper,

10 zinc, aurum, platinum, palladium, niobium, can also be added.

The method of producing functional synthetic fibers of the present
invention mainly comprises: preparing plural first polyolefine chips as a
substrate, wherein the first polyolefine chips are in the amount of 70%-95%

by weight based on the total weight of the fiber and can be polypropylene

15 chips with molecular weight of 3.15%10° g/mole or polyethylene chips with

molecular weight of 1.5~2.5%10° g/mole (as embodiments, the following

tests of the present invention are explained by 80 wt. % of polypropylene),
and functional particles (as examples, this paragraph is explained with
submicron tourmaline), in the amount of 5%-30% by weight based on total
20 weight, and a thermoplastic elastomer (TPE or EPDM), in the amount of
1~40% by weight based on total weight, and compounding by a twin-screw
extruder to form plural masterbatches, and then combining the plural
masterbatches with an additional second poiyolefine which is the same as

the first polyolefine, and melting and mixing the plural masterbatches and



852 9351080 5% 489 712 867 973 1115 15By analyzing Table 4-1, it is realized that the added
amount of tourmaline and number of layers are both significant factors of influence, wherein number
of layers is the major factor of influence. In the case of one layer, for different contents of submicron
tourmaline polypropylene filter material, negative ions are released by 265-489 ion/cc. For 1% of 5
submicron tourmaline polyprop lene filter material, negative ions are released by 265-712 ion/cc. The
differencd e torsemehamlisodeBnentec feigeraneosapesiisiumaterids isush iHebabe ilnglers is more
effective than an increase in tourmaline amount, for the increase of negative ion release amount to(2)
Negative Wﬁﬁlﬁaﬁﬁctﬁmlﬁér@nﬁ}&%@@hﬁ%@ MaHgH P@do@@gﬁ@ba%/%

performance anaIyS|s environment conditign; humidity 64%; temperat re 29 Tabl 4 2 (%) Added

amount oFHSURSEANEETRGKRMP RIS SRAE RS IO SPURNENRy SROINSO; DorpaLs E.2956 206

15232573 3012 3325 3456 s
and heat setting to form the fiber. The spinning temperature is within the

5 range of 200°C~300°C (in the actually operated examples of the present
invention, the spinning temperature for polypropylene is 200°C~250°C rise,
and for polyethylene is 250°C~300°C), the drafting factor is 3~8 times (in
the actually operated examples of the present invention, drafting factor is 6
times), the heat stretching temperature is 130°C~160°C (in the actually

10 operated examples of the present invention, 100°C hot water is used for
stretching), and the heat setting temperature 1s 70°C~100°C.

The melt-spinning mentioned above i1s conducted by heating and
melting the composite material, and extruding the melted material from
spinning holes into air, while cooling in the air, winding at a constant speed,

15 and solidifying while the melted composite material is thinning, a fiber is
thus formed, and then executing thermal stretching to enhance mechanical
properties of the fiber. In the melt-spinning process, the spinnable
polymers obtained from a polymeric process at a temperature higher than
the melting point thereof are extruded from the holes in the spinning plate,

20 and then cooled and refined to silky solid, and winded at the same time.

C. Embodiments of the functional particles of the present
invention
To generate negative ions from the fiber, the functional particles used

25 in the present invention are submicron tourmaline particles. To exhibit



3% 1856 3212 3512 3759 3956 4% 1956 3512 3725 3856 4120 5%1983 3603 3901 3921 4220
15From Table 4-2, it is realized that for dynamic negative ion release amount, the added amount of
tourmaline and the number of filter layers are both important factors, wherein the number of filter
layers is the major important factor. 20b. Deodorization and antibacterial performance test of the
present invention  The deodorization and antibacterial perfoimance test results of the fabric weaved
from the fibdishsfteeipleehrinildaviopraelstidaei helboy fmaslonad prilakes isesspedhvely applying
JEM 1467 test method to the 5 fabrics of the present invention for testing the removing performance of
the concepiRsRt TEgnthon AN DaBpasidvescRatériide o 3eHbyuRY hdheeflgwHaZoncentration
of acetic acid (CH3COOH). Based on Table 4, the fabric of the present invention has better
deodorizd§6h p&soithantts 10Mes84 InkeRtiORmBISR deata lekite apdiidagigrial and

mildew-proof effects. Furthermore, to exhibit other functional effects, the
5 functional particles compounded and added in the fiber of the present
invention are microcapsule (in the examples of the present invention, the
microcapsule is included in an amount of 1% by weight), and a functional
material is encapsulated in the microcapsule, wherein the material of the
microcapsule can be chitin, and the functional material can be plant
10 extracted essential oil, so as to exhibit the effect of generating fragrance,
and as shown in the following test results, the present invention has the
effect of persisting the fragrance. Besides, the functional particles used in
the present invention can also be enzyme, which contributes to the human

body to a certain extent.

D. Test Examples of the present invention

In the test examples of the present invention, polypropylene with

molecular weight of 3.15%10° g/mole is used as the substrate. Firstly,
g

20% by weight of polypropylene and the following materials: (1)
20 functional particles of flame-proof material, 15% by weight, (2) functional
particles of submicron tourmaline, 10% by weight, (3) functional particles
of anti-bacterial and mildew-proof material, 5% by weight based on the
total weight, (4) functional particles of deodorization material (removing
gas), 10% by weight, (5) functional particles of anti-static and

25 anti-electromagnetic wave material, 5% by weight, and (6) thermoplastic

10



(NH3) (CH3CHO) (CH3COOH) The beginning concentration 24.00PPM 8.00PPM 0.20PPM The
concentration after 30 minutes 4.00PPM 1.00PPM 0.04PPM The removing rate of multi pollution
84.33% 87.50% 80.00% Total Removing Rate 84.58% c. Test Example The antibacterial
performance test results of the fabric weaved from the fibers of the present invention are shown below.
15Table 5 Test strain Initial Inoculation (CFU/ml) (0 hr) Contact Time (1 hour later) Reduction (%) (1
hour latery BsiphytscotEld adels boxaesghasspagided, and the materials stated

above are compounded and granulated by a twin-screw extruder to form
plural masterbatches. Then, 40% of the plural masterbatches and 60% of
additional polypropylene are provided, and the masterbatches and the
5 additional polypropylene are compounded to a composite material, with the
functional masterbatches is in an amount of 32% by weight based on the
total weight. Finally, the composite material is subjected to spinning,
cooling, thermal stretching, and heat setting to form the fiber. The
spinning temperature is within 240°C, drafting factor is 5-6 times, thermal

10 stretching temperature is 100°C, and heat setting temperature is 85°C.
To conduct specific experiments, the fibers of the present invention
are further weaved to a fabric; that is, plural fibers in warp direction and

plural fibers in weft direction are weaved to form a fabric, the sample size

thereof being 101.6 mm x 203.2 mm (4 in *x 8 in}, the amount of fibers

15 in warp direction distributed in an unit length is 42 stripe per inch, and the
amount of fibers in weft direction distributed in an unit length is 34 stripe

per inch.

a. Mechanical test of the present invention

20 The mechanical test results of the above samples of the present
invention are as below.

(1) Tensile strength

11



Escherichia coli 2.1x105 1.6x103 99.2 Klebsiella pnewnoniae 7.3x105 3.0x104 95.8 Table 6
Mildew-killing JIS Z 2911 Aspergillus niger ATCC9642 0 growth JIS Z 2911 Penicillium spp.
ATCC9849 0 growth JIS Z 2911 Chactomium globosum ATCC6205 0 growth JIS Z 2911
Myrothecium verrucaria ATCC9095 0 growth ASTM G21-96 Trichophyton mentagrophytes
ATCC9533 0 growth 5Table 7 Antibacterial mildewAntibacterial effect Test itemproof zone
Staphylococcud 2l dsii@men00(%) Escherichia coli4.5 mm100(%) Klebsiella pneumoniae3.5

mmZ100(%6) ,Péaphyi?\fzooccus AlreusTZ mmifo[%o) 3% 49, 50,

times | additive | tourmaline | tourmaline | tourmaline | tourmaline | tourmaline

1 38.704 36.075 36.005 37.085 36.251 36.215

2 39.483 36.108 38.068 38.251 37.511 38.014

3 44.581 40.652 37.065 39.125 38.253 37.588

4 42.015 40.206 40.126 36.001 35.921 37.263

5 41.076 38.254 36.008 35.759 38.205 36.952

Average | 41.1718 38.259 37.4544 37.2442 37.2282 37.2064

From the experiment results of Table 1, it is realized that as the
tourmaline content gets higher, the tensile strength will decrease gradually,
while it is still kept at the required strength, and therefore the tourmaline

5 particles added in the present invention are preferably in the amount of
1~5% by weight based on the total weight.

(2) Tensile strength

Table 2 (kgt/ cm?)
Test | No 1% 2% 3% 4% 5%
times | additive | tourmaline | tourmaline | tourmaline | tourmaline | tourmaline
1 21.886 23.728 22.765 21.345 22.706 22.086
2 23.725 19.174 21.129 22.349 20,609 20.308
3 26.816 24.627 21.764 22.047 21.086 21117
4 21.314 18.032 21.796 19.449 21.625 20.598
5 22.108 24,499 22.229 23.603 21.855 21.717
Average | 23.1698 22.012 21.9366 21.7586 21.5762 21.1652

From Table 2, it is realized that as the tourmaline content gets higher,

10 the tensile strength of the fabric of the present invention will decrease, too.
When tourmaline content is 1%, the warpwise tensile strength decreases by
approximately 5%, and when tourmaline content is 5%, the warpwise
tensile strength decreases by approximately 8.6%, while the tensile strength

is still kept relatively high. Thus, within the range of adding 1-5% of



Escherichia coli2 mm100(%) From ASTM E 2149-01 test method of Table 5 and J1SZ2911 and ASTM
G21-96 test methods of Table 6, it is proved that the fibers added with the nano silver particles of the
present invention have better anti-bacterial and mildew-proof performance. From AATCC 147 test
method of Table 7, it is realized that the present invention with synthetic enzyme added also has better
anti-bacterial performance. d. Fragrance persistency performance test of the present invention The
fragrancetpurenadingy Hreftansalecetreseth dsaababedidved from 15 the fibers of the present
invention. As shown in Table 8, the present inventign still has effective fragrance effect after three
months, which (3 theMerhing, therness e tRERHE BTk HHEIEN §G¥etHBIBIIHY préSént invention
and the fibers manufactured therefrom can ensure the fragrance persistency of the essential oil in the
microcapé@ﬂ@@.%‘bl@ﬁ‘éﬁgﬁrance persistency test for microcapsules added with essential oils Test
itemResult (Initiatjon)Result (test after three months) smell function evaluation3.44.0 5Furthermore,
the result of thérﬁhllt’?vﬁr@%f)"l’é‘]s obtained by GC-MS test for the web fiber with natural essential oil of

the present inyeRHoR, A5ShowikiB.d able 9. the w be%fﬁ@%%ejerbé@y@aag cangffigiently achieve the
cleaning ability of essential loil components. Ta&lf Compound name CAS number Testjng result (ug)
Testing limit i8S esult (uglg) Testing It LG Reetone 00086284190 38 0.110.25 0.06
2-methylpentane 009107-83-5 0.L£85 263 99%

2% 330 343 98%

3% 383 365 95%

4% 435 416 96%

5% 489 461 G4%

5 As shown in Table 3, the fastness is well maintained before and after

test. The amount of negative ions generated does not decrease due to

washing.

b. Negative ion release analysis of the present invention

10 (1) Negative ion static release performance analysis:

Static mode negative ion release performance analysis, environment

condition: humidity 58%; temperature 28°C.,

Table 4-1 (Ion/cc)

Added Filter Filter Filter Filter Filter
amount of | 1 layer 2 layers 3 layers 4 layers 5 layers
tourmaline
1% 265 412 532 620 712
2% 350 523 652 734 825
3% 412 589 756 834 985
4% 465 652 852 935 1080
5% 489 712 867 973 1115

15 By analyzing Table 4-1, it is realized that the added amount of

13



0.1 0.07 0.06 1,1-Dime hvlallene 000598-25-5 0.48 0.1 0.31 0.06 2.4-dimethylliexane 000589-43-5
0.22 0.1 0.14 0.06 3,3 dimethylHexane 000563-16-6 0.14 0.1 0.09 0.06 2,3-dimethylHexane
000584-94-1 0.16 0.1 0.11 0.06 4-methylHeptane 000589-53-7 0.12 0.1 0.07 0.06
tourmaline and number of layers are both significant factors of influence,
wherein number of layers is the major factor of influence. In the case of
one layer, for different contents of submicron tourmaline polypropylene
filter material, negative ions are released by 265-489 ion/cc. For 1% of
5 submicron tourmaline polypropylene filter material, negative ions are
released by 265-712 ion/cc. The difference between them is 223 ion/cc
under the same volume. That is, an increase in layers is more effective
than an increase in tourmaline amount, for the increase of negative ion
release amount.
10 (2) Negative ion dynamic release performance analysis:

Dynamic mode negative ion release performance analysis,

environment condition: humidity 64%; temperature 29°C.

Table 4-2 (%)

Added 1 layer 2 layers 3 layers 4 Jayers 5 layers
amount of
tourmaline
1% 1025 1695 2213 2732 2936
2% 1523 2573 3012 3325 3456
3% 1856 3212 3512 3759 3956
4% 1956 3512 3725 3856 4120
5% 1983 3603 3901 3921 4226
15 From Table 4-2, it is realized that for dynamic negative ion release

amount, the added amount of tourmaline and the number of filter layers are
both important factors, wherein the number of filter layers is the major

important factor.

20 b. Deodorization and antibacterial performance test of the present

14



2,4-Di methylheptane 002213-23-2 0.18 0.1 0.12 0.06 4-methylOctane 002216-34-4 0.13 0.1 0.08 0.06
PARA CYMENE 000099-87-6 5.62 0.1 3.64 0.06 .alpha.-pinene 000080-56-8 36.74 0.1 23.78 0.06
Fenchene 000471-84-1 0.19 0.1 0.12 0.06 Camphene 000079-92-5 2.06
invention
The deodorization and antibacterial performance test results of the
fabric weaved from the fibers of the present invention are shown below.
Table 4 is obtained by respectively applying JEM 1467 test method to the
5 fabrics of the present invention for testing the removing performance of the
concentration of ammonia (NH;3) and acetaldehyde (CH;CHO) and then
testing the concentration of acetic acid {(CH;COOH). Based on Table 4,

the fabric of the present invention has better deodorization performance.

10 Table 4
ftem ammonia acetaldehyde acetic acid
(NH;) (CH;CHO)  (CH;COOH)
The beginning concentration 24.00PPM 8.00PPM 0.20PPM
The concentration after 30 minutes 4.00PPM 1.00PPM 0.04PPM
The removing rate of multi pollution 84.33% 87.50% 80.00%
Total Removing Rate 84.58%

¢. Test Example 111

The antibacterial performance test results of the fabric weaved from

the fibers of the present invention are shown below.

15 Table 5
. Initial Inoculation Contact Time | Reduction (%)
Test strain
(CFU/ml) (0 hr) (1 hour later) | (1 hour later)
Staphylococcus aureus ‘ 94.8
P 1.0 x10° 3.0 x10°
Escherichia coli < . 99.2
2.1 x10° 1.6 x10°
Klebsiella pneumoniae 5 4 95.8
7.3 x10 3.0 x10




0.1 1.33 0.06 SABINENE 003387-41-5 21.76 0.1 14.09 0.06 Pseudopinene 000127-91-3 164.98 0.1
106.78 0.06 n-Octanal 000124-13-0 0.35 0.1 0.23 0.06 p-Cymene 000099-87-6 6.58 0.1 4.26 0.06
LIMONENE 000138-86-3 213.81 0.1 138.39 0.06

Table 6
Mildew-killing | JIS Z 2911 Aspergillus niger ATCC9642 0 growth
JIS 7 2911 Penicillium spp. ATCC9849 0 growth
JIS Z 2911 Chaetomium globosum ATCC6205 0 growth
JIS 7 2911 Myrothecium verrucaria ATCC9095 0 growth
ASTM G21-96 Trichophyton mentagrophytes ATCC9533 | 0 growth
5 Table 7
. Antibacterial mildew Antibacterial effect
Test 1tem
proof zone
Staphylococcus aureus 10 mm 100(%)
Escherichia coli 4.5 mm 100(%)
Klebsiella pneumontae 3.5 mm 100(%)
Staphylococcus aureus 12 mm 100(%)
Escherichia coli 2 mm 100(%)

From ASTM E 2149-01 test method of Table 5 and JISZ2911 and

ASTM G21-96 test methods of Table 6, it is proved that the fibers added

with the nano silver particles of the present invention have better
anti-bacterial and mildew-proof performance. From AATCC 147 test

10 method of Table 7, it is realized that the present invention with synthetic

enzyme added also has better anti-bacterial performance.

d. Fragrance persistency performance test of the present invention

The fragrance persistency performance test of the fabrics weaved from
15 the fibers of the present invention. As shown in Table 8, the present
invention still has effective fragrance effect after three months, which is

therefore sufficient to prove that the manufacturing method of the present

16



Gamma-Terpinene 000099-85-4 29.63 0.1 19.18 0.06 Terpinolene 000586-62-9 1.85 0.1 1.20 0.06 |
D-3-carene 013466-78-9 0.98 0.1 0.64 0.06 Isopropenyltoluene 026444-18-8 12.83 0.1 8.30 0.06 e.
Anti-static performance test of the present invention

invention and the fibers manufactured therefrom can ensure the fragrance

persistency of the essential oil in the microcapsules.

Table 8: Fragrance persistency test for microcapsules added with

essential oils

Test item Result (Initiation) Result (test after three months)
smell function evaluation 3.4 4.0
5 Furthermore, the result of the following table is obtained by GC-MS

test for the web fiber with natural essential oil of the present invention.
As shown in Table 9, the web of the present invention can efficiently

achieve the cleaning ability of essential oil components.

Table 9
Compound name CAS number | Testing Testing Testing Testing
result limit (ug) | result limit
(ug) (ug/g) (ug/g)
Acetone 000067-64-1 1 0.38 0.1 0.25 0.06
2-methylpentane 000107-83-5 10.11 0.1 0.07 0.06
1,1-Dimethylallene | 000598-25-5 | 0.48 0.1 0.31 0.06
2. 4-dimethylHexane |+ 000589-43-5 0.22 0.1 0.14 0.06
3.3-dimethylHexane | 000563-16-6 | 0.14 0.1 0.09 0.06
2.3-dimethylHexane | 000584-94-] 0.16 0.1 0.11 0.06
4-methylHeptane 000589-53-7 | 0.12 0.1 0.07 0.06
2.4-Dimethylheptane | 002213-23-2 | 0.18 0.1 0.12 0.06
4-methylOctane 002216-34-4 | 0.13 0.1 0.08 (.06
PARA CYMENE 000099-87-6 | 5.62 0.1 3.04 0.06
.alpha.-pinene 000080-56-8 | 36.74 0.1 23.78 0.06
Fenchene 000471-84-1 0.19 0.1 0.12 0.06
Camphene 000079-92-5 | 2.06 0.1 1.33 0.06
SABINENE 003387-41-5 | 21.76 0.1 14.09 0.06
Pseudopinene 000127-91-3 164.98 0.1 106.78 0.06
n-Octanal 000124-13-0 | 0.35 0.1 0.23 0.06
p-Cymene 000099-87-6 | 6.58 0.1 4.26 0.06
LIMONENE 000138-86-3 | 213.81 0.1 138.39 0.06
Gamma-Terpinene 000099-85-4 | 29.63 0.1 19.18 0.06

17



From the following table, according to AATCC 756-1995, temperature 20C, humidity 40%, it is found
that the web weaved from the fibers of the present invention has good anti-static performance ability.
Test item Test result electromagnetic wave blocking effect DB 300MHZ 0.2 electromagnetic wave

blocking effect DB 1800MHZ 0.1 f. Flame-proof perfollance test of the present invention From

the following tabte, the shoepad of Jhe-present invention fas T0ffarmeproof abitit M-0according to
UL 94-0 SRS Fable 15 Tiﬁ@égﬁégﬁpla&mple—?—[@ampl&& ol 4l -0 Sarg]ple
thicknessI2d%men®.82mm 2.84rfee Bhm [088¥mm Rebahining flathédime of dbéh samgle tl (sec) 0
0000 51QseeeRemriniag flamestime pieachsample Csec) 0 | 8.30 0.06

e. Anti-static performance test of the present invention

From the following table, according to AATCC 756-1995, temperature

20°C, humidity 40%, it is found that the web weaved from the fibers of the

3 present invention has good anti-static performance ability.
Test item Test result
electromagnetic wave blocking effect DB | 300MHZ 0.2

electromagnetic wave blocking effect DB | 1800MHZ 0.1

f. Flame-proof performance test of the present invention

From the following table, the shoe pad of the present invention has

10 flameproof ability VIM-0 according to UL 94-97 method.

Table 15

Test item Sampie 1 Sample 2 | Sample3 | Sample4 | Sampie$ VTM-0
Sample thickness 2.95mm 2.82mm 2.84mm 2.91mm 2.85mm
Remaining flame time of

0 0 0 0 0 £10 secs
each sample ti (sec)
Remaining flame time of

0 0 0 0 0 210 secs
each sample t2 (sec)
Total remaining flame time

0 £50 secs

of every five samples
Data of each sampie after

0 0 ] 0 0 E30 secs
the second ignition
The remaining flame or
remaining embers of any no no no no no no
sample burns

18



0 0 0 0 -510 secs Total remaining flame time of every five samples 0 550 secs Data of each sample
after the second ignition 0 0 0 0 0 530 secs The remaining flame or remaining embers of any sample
bums no DO no no DOno Cotton is burned by burned nononononono particles or melted drops g.
Summary table of test results for major examples Summary table of the test results for major

examplesofthe Ib‘bb‘d-lhlllvellll() r-and the testimg nstitutior are fisted i Tabte 9 Table 9: Fungtion
Effect MethSa735edids e B formance S no 10 no
particles or melted drops l

g. Summary table of test results for major examples

Summary table of the test results for major examples of the present

invention and the testing institution are listed in Table 9.

3
Table 9
Function Effect Method/species Time Performance | testing institution
Nano silver | Bacteria- | ASTM 2149-01 contact time | 94.8 SGS Taiwan
killing Staphylococcus aureus I hour testing technology
(ATCC#6538)
ASTM 2149-01 Escherichia 99.2 SGS Taiwan
coli testing technology
(ATCC#8739)
ASTM 2149-01Z Klebsiella 65.8 SGS Taiwan
pneumoniae testing technology
{ATCC#4352)
Mildew- JIS Z.2911 Aspergillus niger ATCC9642 0 growth SGS Taiwan
killing testing technology
JIS 7. 291 ] Penicillium spp. ATCC9849 0 growth SGS Taiwan
testing technology
JIS Z. 2911 Chaetomium globosum ATCC6205 0 growth SGS Taiwan
testing technology
JI§ Z 2911 Myrothecium verrucaria ATCC9093 | 0 growth SGS Taiwan
testing technology
ASTM G21-96 Trichophyton mentagrophytes 0 growth SGS Taiwan
ATCC9533 testing technology
Function Effect Method/species antibacterial | Growth-free | Testing instituiion
effect zone (mm)
(%o)
Synthetic Bacteria- | AA.T.C.C 147-1998 100 % 16 mm SGS Tatwan
enzyme inhibiting | Staphylococcus aureus testing technology

19



testing institution Nano silver Bacteria- killing ASTM 2149-01 Staphylococcus aureus (ATCC#6538)

contact time 1 hour 94.8 SGS Taiwan testing technology ASTM 2149-01Escherichia coli
(ATCC#8739) 99.2 SGS Taiwan testing technology ASTM 2149-0 | ZKlebsiella pneumoniae
(ATCC#4352) 95.81 SOS Taiwan testing technology Mildew- killing JIS Z 2911 Aspergillus niger

ATCC9
growth

5

420 growthr SOS Tai (i&léggétggg)technoiogy JIS Z 2911 Penicillium spp. ATCC9849 0
AAT.C.C147-1998 100 % 13 mm EPA US
Staphylococcus aureus Environment
(ATCCH#H6538) Protection Agency
AAT.C.C 147-1998 Escherichia | 100 % 4.5 mm SGS Tatwan
coli testing technology
(ATCCH#8739)
AATC.C 147-1998 Escherichia | 100 % 1 mm EPA US
coli (ATCC#8739} Environment
Protection Agency
AATCC 147-1998 Klebsiella | 100 % 3.5 mm SGS Taiwan
preumoniae testing technology
(ATCC#4352)
AAT.C.C 147-1998 Klebsiella | 100 % 6 mm EPAUS
pneumoniae Environment
{ATCCH#4352) Protection Agency
Mildew- AATCC 30 PART I Aspergilius | O growth SGS Taiwan
proof niger AFCC6275 testing technology
Negative ion | Oxygen 4M*4M*4M negative ion 1856 (lon/cc) TTRI Taiwan
amount negative refease amount 1956 (lon/ce) Textiie Research
ion 1983 (fon/cc) Institute
Washing test (washing for 20 Over 98%
times with water)}
Far-infrared | energy Far-infrared radiation rate 0.948 Average Industriaf
ray (30°C); measure 3-15um radiation rate Technology

average radiation rate

Research Institute,
Energy and
Environment
Research

Laboratories

E. Features of the present invention

1. The fibers of the present invention add functional particles (such as

submicron tourmaline).

The mechanical strength of the filter web thus

produced is only slightly decreased, which has no significant influence.

20




i SOS Taiwan testing technology JIS Z 2911 Chaetomium globosum ATCC6205 0 growth SOS
Taiwan testing technology JIS Z 2911 Myrothecium verrucaria ATCC9095 0 growth SOS Taiwan
testing technology ASTM 02 1-96 Trichophyton mentagrophytes ATCC9533 0 growth SOS Taiwan
testing technology Function Effect Method/species antibacterial effect (%) Growth-free zone (mm)
Testing institution Synthetic enzyme Bacteria- inhibiting 1 A.A.T.C.0 147-1998 Staphylococcus aureus
100% 10 mm So$ haifiberseafithadurssmginvention add functional particles (such as

submicron tourmaline). The washing fastness experiment shows that the
fibers thus produced still holds predetermined functions.

3. The present invention adds thermoplastic elastomer and submicron

5 tourmaline particles. For filtration performance, the submicron tourmaline

particle can efficiently enhance filtration performance under electrostatic

adhesion theory since the tourmaline is of negative electricity. On the

other hand, because of the thermoplastic elastomer, the filter produced has

better elasticity and friction. Since water decomposes to negative ions

10 (H;0,") due to the spectal effect of pyroelectricity and piezoelectricity,

vibration frequency increases, friction force grows, a large amount of

negative ions is released in dynamic model, so as to satisfy the standard

requirement (1000-2000 ion/cc) for human health. Through experiment, it

is found that the negative ion release amount of the present invention in 4m

15 X 4m X 4m volume is about 1856~1983 (lon/cc), which has good release

amount.

4. When the present invention adds microcapsule with essential oil,
since thermoplastic elastomer is also added, through the effect of the
thermoplastic elastomer, the essential oil can be prevented from

20 evaporating too soon, and the essential o1l can be released at nearly fixed
amount, so as to enhance the duration.

5. The filter of the present invention has antibacterial effect when nano
silver particles are added in the fibers of the present invention.

6. The present invention has been proved by experiments that it has

]
th

good bacteria-inhibiting and mildew-proof effect when enzyme is added in
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(ATCC#6538) A.A.T.C.0147-1998 Staphylococcus aureus (ATCC#6538) 100% 13 mm EPA US
Environment Protection Agency A.A.T.C.0 147-1998 Escherichia coli (ATCC1(8739) 100% 4.5 mm
SGS Taiwan testing technology A.A.T.C.0 147-1998 Esche chia coli (ATCC#8739) 100% 1 mm EPA
US Environment Protection Agency A.A.T.C.0 147-1998 Klebsiella pneumoniae (ATCC#4352) 100%

3.5 mm SOS Taiwan testing technology A.A.T.C.0 147-1998 Klebsiella pneumoniae
the fibers of the present invention.

7. It has been proved by experiments that indoor air quality can be
effectively improved as shown in Table 9 by using the filter produced from
the fibers of the present invention.

What mentioned above is only feasible example of the present

L

invention, which is not used to limit the patent scope of the present
invention. All variations made based on the contents, features and spirits
of the claims below should be within the patent scope of the present

invention.
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(ATCC#4352) 100% 6 mm EPA US Environment Protection Agency Mildew- proof AATCC 30 PART

[l Aspergillus niger AI'CC6275 0 growth SOS Taiwan testing technology Negative ion amount Oxygen
negative ion 4AM*4M*4M negative ion release amount 1856 (lon/cc)  TTRI Taiwan Textile Research

Institute 1956 (lon/cc) 1983 (lon/cc) Washing test (washing for 20 times with water) Over 98%

WHAT IS CLAIMED IS:
1. A manufacturing method for a functional ﬁber, comprising:
(a) preparing the following materials:
(al) a first polyolefine chip, 70%-95% by weight, as a substrate;
5 (a2) at least one of plural functional particles, 5%-30% by weight;
and
(a3) athermoplastic elastomer (TPE), 1%-40% by weight;
(b) compounding the first polyolefine, the plural functional particles
and the thermoplastic elastomer to form plural masterbatches;

10 (¢) providing the plural masterbatches and a second polyolefine chip,
the second polyolefine being formed of the same material as the
first polyolefine, and melting and mixing the plural
masterbatches and the second polyolefine chip to form a
composite material, such that the content of the plural functional

15 particles is 1-10 wt. % based on the weight of the composite
material; and

(d) subjecting the composite material to spinning, cooling, thermal
stretching, and heat setting to form the fiber.
2. The manufacturing method according to claim 1, wherein the first

20 polyolefine and the second polyolefine are both polypropylene.

The manufacturing method according to claim 2, wherein the

(a2

molecular weight of the polypropylene is 3.15% 10° g/mole.

4. The manufacturing method according to claim 1, wherein the first
polyolefine and the second polyolefine are both polyethylene.

25 5.  The manufacturing method according to claim 4, wherein the

[
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Far-infrared ray energy Far-infrared radiation rate (50C): measure 3-15pm average radiation rate
0.948 Average radiation rate Industrial Technology Research Institute, Enemy and Environment
Research Laboratories E. Features of the present invention 1. The fibers of the present invention
add functional particles (such as submicron towlnaline). The mechanical strength of the filter web thus
5produced is only slightly decreased, which has no significant influence. 2. The fibers of the
present inventimsmﬁtmmi@lhpaﬁmesmml@ésnbriﬁdrdwmmnem%g/ﬁhelavashing fastness
experiment shows that the fibers thus produced still holds predetermined functions. 3. The present

invention gdds fhermplagtis slasiomer A ubmiciam PuibhalingRaricles foeiitratian

performance, the submicron tourmaline particle can efficiently enhance filtration performance under

electrostatic adhgSieREIRM SRR the: tBUrmaling-icahseratinel elefinieiioN hateinsr hand,

because of the thermoplastic elastomer, the filter produced has better elasticity and friction. Since

water decomp%%ﬁp&@gv&gqag 19:(h302de e te, the special effect of pyroelectricity and
piezoelectricity, vibration frequency increases, friction force grows, a large amount of negative ions is

released in dyngruc megelfaanasie satisththe siandadihequdensiihi100-2a08-n/cdidor human
health. Through experiment, it is found that the negative ion release amount of the present invention in

4m 15x 4m x 4y Metiche isatewal 856 83t (tenfackediskehambodd release amount. 4. When the

present invention adds microcapsule with essential oil, since thermoplastic elastomer is also added,
through thg efféchof theitheioapiastic elettaderatherbisentiad oittambeyrevdntesifrothe
20evaporating too soon, and the essential oil can be released at nearly fixed amount, so as to
enhance the dusgiteocapstldhis fitterdef thé present inverdian hzsiahibsdsriatle femwitien nano silver
particles are added in the fibers of the present invention. 6. The present invention has been

proved by expegiroaptsthat tthas a5gdati bagtehamiebititiagedastonildeadodfetieeplebtn enzyme is

~ added in the fibers of the present invention. 7. It has been proved by experiments that indoor air
quatdity can be effestivalgrimproved as shown in Table 9 by using the filter produced from the fibers of
the present invention. 5What mentioned above is only feasible example of the present invention, which
is not use@ to lifitehepatefctopegof thethedercienditign. Wil vlaatond m gsediba the
contents, features and spirits of the claims below should be within the patent scope of the present
invention. WHATNIS onalvanielesi are imadgehniganeons mrtenamarlgal shdrosaiisiising: (a)

preparing the following materials: L .
group consisting of chitin, enzyme, and nano noble metal copper, zinc,

aurum, platiﬁum, palladium, niobium, and silver.

15 10. The manufacturing method according to claim 1, wherein the
functional particles are made of at least one material selected from the
group consisting of submicron tourmaline, nano bamboo carbon, zinc
oxide, cupric oxide, ferric oxide, silica, tungsten oxide, manganese
oxide, cobalt oxide, and nickel oxide.

20 11. The manufacturing method according to claim 1, wherein the particle

size of the submicron tourmaline is ranging from 1pm to 100nm.

12. The manufacturing method according to claim 1, wherein the spinning
temperature is 250°C~300°C rise, the heat stretching temperature is

100°C, and the heat setting temperature is 90°C.



(al) a first polyolefine chip, 70%-95% by weight, as a substrate; 5(a2) at least one of plural functional
particles, 5%-30% by weight; and (a3) a thermoplastic elastomer (TPE), 1%-40% by weight; (b)
compounding the first polyolefine, the plural functional particles and the thermoplastic elastomer to
fowl plural masterbatches; (c) providing the plural masterbatches and a second polyolefine chip, the

e purdl st AT AR SLEGH GOInn B BRI & CBRIBRRHECHCABIES, Bl that the

a0 (@) subjechtt il cOHHSHE HEcEPaT S SpRAL Cobthe: SIMEISro R, S0 Bt setng o
andi e secon 6K RAHEGH Bt DAVRISRSIoRa LT manufactufing method aceording o diaim 2
according i L IRCraIR SIS RS EH 3 (NESLEtha Ry IEF S LA B ethylon.

255 ne merSGHIDY Ml SESRNe BT e BB

pol;s/ethylene is'T g manutacturing met according toc

functional parti%eswtgg &{?%88@9&}%‘? and a functional material is encapsulated inside the

microcapsule. e manufacturtng method according to claim 6, wherein the functional material is a

plant extrq%t,ed?ﬁézﬂg 1&%&@?& nefagivring mgibrd R dndcRsriaim Siahsreia the

microcapsule is made of one or more materials selected from the group consisting of chitin,

polyurethane e@%qmtﬂgég%gggﬁ{%igi@elastomer. 9. The manufacturing method according to

claim 1, where e functional particles are made of at least one material selected from the group
consisting| ef Chitify eNzMecapdiAaNG taklenmeraheRERSh FHCHABaPiRlIB U nRaliadgm, niobium,

and silver. 1510. The manufacturing method according to claim 1, wherein the functional particles are

mage of at least gne,mateyial fedestad Jrapdbrardipneoniisting gl iuplemmntafraalife, nano

bamboo carbon, zinc oxide, cupric oxide, ferric oxide, silica, tungsten oxide, manganese oxide, cobalt

oxide, and nickghpxideRd eThrdnauiaclutiegnngihodiacdarngde. claim 1, wherein the particle
size of the submicron towinaline is ranging from lpm to 100nm 12. The manufacturing method

according 19 claiijel {iBereir dheispinaing 4empel atuiedse2>ABe300t fiseathpdreali stretehing
temperature is 100C, and the heat setting temperature is 90C. 13. A functional fiber produced by the
manufacturing meihehiccoiding torplaimaicnidleseletheddifmetathef thetipecimSifiingmof3mm, and
the fiber includes plural functional particles. 14. The fiber according to claim 13, wherein the
functional partigkibingledesmenioocapsulaalid afeteliongpeateriakis amcapsytatstinside the
microcapsule. 15. The fiber according to claim 14, wherein the functional material is a plant extracted
essential oil. 16pdlhediber, adedviing, wneaiives, wherein the microcapsule is made of one or more
materials selected from the group consisting of chitin, polyurethane elastomer and thermoplastic
elastomer! 8. The fiber according to claim 13, wherein the functional particles are

made of at least one material selected from the group consisting of

submicron tourmaline, nano bamboo carbon, zinc oxide, cupric oxide,

ferric oxide, silica, tungsten oxide, manganese oxide, cobalt oxide,

20 nickel oxide.

19. The fiber according to claim 18, wherein the particle size of the

submicron tourmaline is ranging from 1pym to 100nm.

20. A fabric produced from the fiber according to claim 13, wherein the
fabric comprises plural fibers in warp direction and plural fibers in

25 weft direction weaved with each other.
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17. The fiber according to claim 13, wherein the functional particles are made of at least one material
selected from the group consisting of chitin, enzyme, or nano noble metal copper, zinc, aurum,
platinum, 15palladium, niobium, and silver. 18. The fiber according to claim 13, wherein the functional
particles are made of at least one material selected from the group consisting of submicron tourmaline,
nano ba rbop,.zinc oxide rlc o ide, silica, sten o apganese oxide,
cobalt ol 3%&5@%9@%@1‘ T GeBbrelng WPEFRIN 106 G Snee SR B0of the
submicron tourmall IS. r rom lpm to 100nm. 20. A fabrlc roduce ﬂfg the f| er according to
claim 15, wherHGHE 8 4 i R B S ST AR SFLBRY Bthel ThEREH Sonel

direction weaved with each other 21 The fabric according to claim 20, wherein the fabric is selected
from one of air filter, shoe pad, hat, screen window, curtain, and TV goggle.
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