[Designation of Document] Specification [Title of the Invention] Method of
imparting function to molded polymer and apparatus therefor [Technical
Field] [0001] The present invention relates to a method for imparting a
function to a polymer formed article such as a textile structure and an
apparatus thereof, and more particularly, to a method for imparting a
function-imparting agent to a polymer formed article by using a
supercritical fluid and an apparatus thereof. [Background Art] [0002]
5 Prgviougl. ,a m%th%d of aIIo%/'ng a Watejﬁr,dispersion of a

{ efﬁﬁ@t?o%-irﬁ&arﬁng %188}11{“ of a aaﬁgéjuls fh(ﬁ%ﬁolanmparting agent to be

[ T iabserbed-eencurrentty. with dysing erermetbad of perfamaingpaddings 1 ded
(dipping -4 nipping-4 drying ->curing) using a binder has been solely used

polasee methaod ebadheringstheh funefiom-imparting agent to a polymer formed
article such as a textile structure. [0003] However, from consideration to

[ Tehéylobal eRvitgrihdent (air pollution, waste water pollution, effective use
of resources and the like), it has recently come to be required to highly
clarify Wastd liquid containing various function-imparting agents in the

above-mentioned grqcessing,, 1 ) ,
The present inventlion relates to a method for imparting

afunctiontoapolymer formedarticle suchasatextile structure
and an apparatus thereof, and more particularly, to a method
for imparting a function-imparting agent to a polymer formed
article byusingasupercritical fluid and an apparatus thereof.
[Background Art]

[0002]

Previously, a method of allowing a water dispersion of
a function-imparting agent or an aqgueous function-imparting
agent to be absorbed concurrently with dyeing or a method of
performing padding {(dipping-» nipping — drying — curing) using
a binder has been sclely used as a method of adhering the

function-imparting agent to a polymer formed article such as

a textile structure.

[0003]

However, from consideration to the global environment
{air pollution, waste water pollution, effective use of
resources and the like}, it has recently come to be required
to highly clarify waste liguid containing various

function-imparting agents in the above-mentioned processing,



and it has been desired to decrease chemical cost and equipment cost
required for the clarification. [0004] For example, as a method for
decreasing the cost of waste liquid treatment in dyeing processing, patent
document 1 (JP-A-4-245981) discloses a method of utilizing asupercritical
fluid in dying of a textile structure, thereby allowing waste liquid to
approximate to zero, avoiding the use of a dyeing aid which has hitherto
been used in large amounts, and further, being able to recover a dye not

anc@hsorhed bydextiles@nundyed. dye)s [Q005] Howeveroigithend equipment

above-mentioned method, the dyeing is performed in an autoclave, so
codhat-eirgulation ofca-processingr salution (dye liquor) does not occur.
Accordingly, when this method is intended to be applied to adhering
proceéssing of the function-imparting agent as it is, there has been the
problem that adhesion unevenness of the agent occurs to cause a
decréasecincexpression effisiéhcydof the fgrction fthecdegreeof b of waste
expression of the function to the pickup of the agent) or in durability
1 iqKeréof: BF &5 Edlde Hatdehifg Tifth® ¥&@Geod texBRRb@AkticHFEE8BNT
(J%OOO(S Patent document 2 (JP-A-2002-212884) proposes a method for,
r
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fluid in dying of a textile structure, thereby allowing waste
liguid to approximate to zero, aveilding the use of a dyeing
aid which has hitherto been used in large amounts, and further,
being able to recover a dye not abscrbed by textile (an undyed
dyel .

[0005]

However, in the above-mentioned method, the dyeing is
performed in an autoclave, so that circulation of a processing
solution (dye liguor) does not occur. Accordingly, when this
method is intended to be applied to adhering processing of the
function-imparting agent as it is, there has been the problem
that adhesion unevenness of the agent occurs to cause a decrease
in expression efficiency of the function (the degree of
expression of the function to the pickup of the agent) or in
durability thereof, or to cause hardening in the fexture of
a textile reaction vessel.

(0008]

Patent document 2 (JP-A-2002-212884) propeses a method

for providing amethod for imparting a high-durability function



to a textile structure, which solves this problem, can efficiently impart
various function-imparting agents to a polymer formed article, can
decrease processing waste liquid as much as possible and recover the
waste liquid and the function-imparting agents, and can also reuse them
as needed. According to this patent document 2, when a
function-imparting agent is adhered to a polymer formed article in a
supercritical fluid, the function-imparting agent is adhered while

to Clculatingithe supercritical Huid. However @lsesin this, inethod; thetextile an
structure is treated in a pressure vessel, and the fact remains that it is a

ef flatch systemithereis therefare therproblem-ofinefficiengy.{Batent to a
Document 1] JP-A-4-245981 [Patent Document 2] JP-A-2002-212884

po l[Disctosurenst dhe trviention] fRrolllems ckhat thre invention ¢s ta Sbive] iguid
[0007] An object of the present invention is to provide a method for

as impeaking:a high-esitkdisilitg Athclies & a polyfiter Toridedl dftiglel wWhithccahhe
efficiently impart various function-- imparting agents to the polymer formed

fungrfidiecarfaadieads proTEsSing iWaste ligaitisss Afuthtas Pessivfe apgded.
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fluid, the function-imparting agent 1is adhered while
circulating the supercritical fluid. However, alsc in this
method, the textile structure ig treated in a pressure vessel,
andthe fact remainsthatitisabatchsystem. Thereistherefore
the problem of inefficilency.

[Patent Document 1] JP-A-4-245081

[Patent Document 2} Jp-A-2002-212884
[Disclosure of The Invention]

[Problems That the Invention Is to Solve]

[0007]

An object of the present invention is to provide a method
for imparting a hich-durability function to a polymer formed
article, which can efficiently impart wvaricus function--
imparting agents to the polymer formed article, can decrease
processing waste ligquid as much as possikle and recover the
waste liguid and the function-imparting agents, can also reuse
them as needed, andmoreover, can impart the function-imparting

agents to the polymer formed article by a continucus system,



not by a batch system; and an apparatus thereof. [Means for Solving the
Problems] [0008] The present invention relates to a method for imparting
a function to a polymer formed article, which is characterized in that a
supercritical fluid is sprayed to the polymer formed article to firmly fix a
function-imparting agent to the polymer formed article. Here, in the
method for imparting a function to a polymer formed article in the present
invention, it is preferred that the function-imparting agent is previously

notnixed with:then superertical fiwid, andthatthe mixingrs pedermed in a
mixing coil. Further, the spraying of the mixed fluid to the polymer formed

i Madticle i preferablyperforaned-by asmethod of using a reactor having an
approximately reverse T-shaped space taken in a cross section, allowing
the pblyimériformed article to run through one space portion passing
through from one of the approximately reverse T-shape of this reactor to
the offier, Pard spraying e Aiked fllidtewak® thetpoliner fortddaricle ng
from the other space portion existing between from an upper_end portion

2 fonst apprdtntately eariter Portisitte Aidweérent "pértion? IRtRE présent 2

. invention, preferred is.a method of further mixing the mixed fluid in a
lnatdlﬁffoﬁais ﬁﬁﬁﬁiﬁb? dg&u&é 18 Sprayec?to tnple poﬁymer %ormed

article to firmly fix a function-imparting agent to the polymer
formed article.

Here, in the method for imparting a function to a polymer
formed article in the present invention, it is preferred that
the function-imparting agent is previously mixed with the
supercritical fluid, andthat themixingisperformedinamixing
coil.

Further, the spraying c¢f the mixed fluid to the polymer
formed article is preferably performed by a method of using
a reactor having an approximately reverse T-shaped space taken
in a crosg section, allowing the polymer formed article to run
through one space portion passing through from one of the
approximately reverse T-ghape of this reactor to the other,
and spraying the mixed fluid toward the polymer formed article
from the other space portion existing between from an upper
end portion of an approximately center portion to a lower end
portion.

In the present invention, preferred is amethodof further

mixing the mixed fluid in an additional mixing coil provided



in the vicinity of an upper side of the reactor and performing heating by a
heater provided in the vicinity of the additional mixing coil. Further, in the
present invention, a method of providing a heater in the vicinity of a
bottom of the reactor and heating the reactor thereby is also preferred.
Furthermore, in the present invention, a method of providing an infrared
ray lamp in the vicinity of a bottom of the reactor and heating the reactor
thereby is also preferred. On the other hand, in the method for imparting a

in fupstipn-ta.a pelynesfouped articleofthe-preseptinventionasingte rming
nozzle type jet nozzle may be used, the supercritical fluid and the

he dunetiphymparting agent sndylbe previdusly fmixed witho Bacheothedandonal
supplied to a supply port of the jet nozzle, and this mixed fluid may be

mixsprgyedfrom a tip of the nozzle to the polymer formed article. In this
case, it is preferred that the mixed fluid of the supercritical fluid and the
funclior-ihgarting abe At i hieated i Hielitiaty of tretdupply bt 6 e ng
upstream side of the single nozzle type jet nozzle. Further, the polymer

2 Dffiiried ARIdE iy Belaser Reated® RhA'StcesaR/dig ARBOT and heating

above-mentioned mixed fluid may be sprayed from the single nozzle type
EN e §6471E fo thaHextdd %I?e.ali%rﬁ/]é%}%%& ih T method for imparting a

function 19, &,polyrmer formed.article of the presgtinvention.a dauble,d o«
providing an infrared ray lamp in the vicinity of a bottom of
the reactor and heating the reactor thereby is also preferred.

On the other hand, in the method for imparting a function
to a polymer formed article of the present invention, a single
nozzle type jet nozzle may be used, the supercritical fluid
and the function-imparting agent may be previously mixed with
each other and supplied to a supply port cf the jet nozzle,
and this mixed fluid may be sprayed from a tip of the nozzlie
to the polymer formed article.

In this case, it is preferred that the mixed fluid of
the supercritical fluid and the function-imparting agent is
heated in the vicinity of the supply port cn the upstream side
of the single nozzle type jet nozzle.

Further, the poiymer formed article may be laser heated,
and successively, the above-mentionedmixed fluidmay be sprayed
from the single nozzle type Jjet nozzle to the heated site.

Furthermore, in the methed for imparting a function to

a poilymer formed article of the present invention, a double



nozzle type jet nozzle may be used, the supercritical fluid and the
function-imparting agent maybe each supplied to separate supply ports of
the jet nozzle without previously mixing both and mixed at a tip of the
nozzle, and this mixed fluid may be sprayed to the polymer formed article.
In this case, it is preferred that the supercritical fluid and the
function-imparting agent are each separately heated in the vicinity of the
supply port on the upstream side of the double nozzle type jet nozzle.

noFirther the palymes formedarticleanay be laseldheatedrand 1 cal fluid
successively, the above-mentioned mixed fluid maybe sprayed from the

andlouble mozzledype jeinozzleda theheated-sitea thenyibe presebtseparate
invention relates to an apparatus for imparting a function to a polymer
sufgrimed articlepin which atfluidzstérage! containep fervstorisg. & fluic ihickoth
can be converted to a supercritical state, a fluid pump for compressing
an@rigit@ssportiagtthe flid L& furcionlimpattisy abénat pampdfdrluid may be
transporting a function-imparting agent and a_function-imparting agent
SP&fofafe eonidiferdie degtentidlliye cofitéctéd through connecting pipes, a

mixing pipe.is branched from the connecting pipe between the fluid pump .
and thE FrCOA Iparii AUERE BUMp: & Pebiator PAVIRG BT | -Lea - 10

pproximately reverse T-shaped space taken in a cross section facing to, _ .
o e o e T e S e BaEa e Aol Toderoes re

m%ﬁ@a{?‘?@f}?%‘g}Cc?fn%%r‘gu%ﬁ%p%%?r@ on the upstream side of the

double nozzle type jet nozzle.

Further, the poclymer formed article may be laser heated,
and successively, the above-mentionedmixed fluidmay be sprayed
frem the double nozzle type jet nozzle to the heated site.

Then, the present invention relates to an apparatus for
imparting a function to a polymer formed article, in which a
fluid storage coentainer for steoring a fluid which can be
converted toasupercritical state, a fluidpump for compressing
and transporting the fluid, a functicn-imparting agent pump
for transpcrting a function-imparting agent and a
function-imparting agent storage container are sequentially
connected through connecting pipes, a mixing pipe is branched
from the connecting pipe between the fluid pump and the
function-imparting agent pump, a reactor having an
approximately reverse T-shaped space taken in a cross section
facing to a tip direction of the mixing pipe is disposed, the

approximately reverse T-shaped space comprising one space



portion for allowing a polymer formed article to run therethrough which
passes through from one of the approximately reverse T-shape of this
reactor to the other and the other space portion for spraying the
function-imparting agent existing between from an upper end portion of
an approximately center portion to a lower end portion, further, a nozzle
mounted on a tip portion of the mixing pipe is connected to the upper end
portion of the other space portion of the reactor, and furthermore, a

po XY eqikis conngetechto apath of the aixing pipecln the apparattisefugh
the present invention as used herein, preferred embodiments include an

wh iagparates 4% whichcanothér enixing <oit is further pcommected: to=Retweenerse
the mixing pipe between the mixing coil and the reactor, and a heater is

T~ givovided toyetheeimthewitinihef the:ethemdixing cdil Furtiercim thgetion
apparatus of the present invention, preferred embodiments also include

foppmpppatatis rewWhier b Heatdr Reprovide & tjetes irf thenddsityisrea from
bottom portion of the reactor. Furthermore, in the apparatus of the

an BreBErt iRVENEGH, " pratefred®emBERATEMts a6 tHclite BhagparatuSint© &
which an infrared ray #am hlgf 1[i)rovided together in the vicirpitg/ %f.a bottom
& )

Lot} th& PERE0F. [Atantabes of the TnV&Hton] [DO0B] Adcortifg 1okh8 = - -7
of p{%%e%jjg]{\éer{]c}iogi%}Q—zerj“?scacr:]ek%?n%@%/gedc?dtg the upper end portion of
the other space portionof the reactor, and furthermore, amixing
coil is connected to a path of the mixing pipe.

In the apparatus of the present invention as used herein,
preferred embodiments include an apparatus in which another
mixing coil is further connected to between the mixing pipe
between themixing ceoil and the reactor, and a heater is provided
together in the vicinity of the other mixing coil.

Further, in the apparatus of the present invention,
preferredembodiments also include an apparatus inwhichaheater
is provided together in the vicinity of a bottom portion of
the reactor.

Furthermore, in the apparatus of the present invention,
preferred embodiments also include an apparatus in which an
infrared ray lamp is provided together in the vicinity of a
bottem of the reactor.

[Advantages of the Invention]

(00097

According to the present invention, there can be provided



a method for imparting a high-durability function to a polymer formed
article, which can efficiently impart various function-- imparting agents to
the polymer formed article, can decrease processing waste liquid as
much as possible and recover the waste liquid and the function-imparting
agents, can also reuse them as needed, and moreover, can impart the
function-imparting agents to the polymer formed article by a continuous
system, not by a batch system; and an apparatus thereof. [Brief

a reeseiption-of e Prawingsh (00 {Rig k] 1Hig 1 s asehematic Xiew 1 yme r
showing one example of a function-imparting apparatus of the present

foinvention.: [Hig., 21hEigh 2 iaesthemiaticvigw siowing another exampléof - -
a function-imparting apparatus of the present invention. [Fig. 3] Fig. 3is a

imgehénmaticadev showing istillambthes rexamplecofea functien-impartisg rease
apparatus of the present invention. [Fig. 4] Fig. 4 is a cross-sectional

pr yfsekediagra of a singlel Aozze WpeljefoZAé B5ed $n tHecpresenter the
invention. [Fig. 5] Fig. 5 is a cross-sectional block diagram of a double

wa o ze- ffpedet o721 Usedin H preBRAE nvEAtiBA S Y, 6] Eig26 fiPar euse
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agents to the polymer formed article by a continuous system,
not by a batch system; and an apparatus thereof.
[Brief Descripticn of the Drawings]
(00101
[Fig. 1] Fig. 1 is a schematic view showing one example
of @& function-imparting apparatus of the present invention.
[Fig. 2] Fig. 2 is a schematicview showing another example
of a function-imparting apparatus of the present invention.
[Fig. 3] Fig. 3 is a schematic view showing still another
example of a function~imparting apparatus of the present
invention.
[Fig. 4] Fig. 4 is a cross~sectional block diagram of
a single nozzle type jet nozzle used in the present inventicn,
[Fig. 5] Fig. 5 is a cross-sectional block diagram of
a double nozzle type jet nozzle used in the present invention.
[FFig. 6] Fig. 6 is a block diagram for illustrating a
laser-heating assist cluster Jjet method of the present

invention.

[Fig. 71 Fig. 7 is a perspective view of Fig. 6.



[Description of Reference Numerals and Signs] [0011] LI: Pipe L2: Pipe
L3: Mixing Pipe L3p: Nozzle P1: Fluid Pump P2: Function-Imparting
Material Pump R1, R2, R3: Reactor hl, h2: Space Portions 11: Gas
Cylinder 12: Reaction Solution Container 13: Mixing Coil [Best Mode for
Carrying Out the Invention] [0012] The supercritical fluid used in the
present invention is a fluid at a temperature exceeding the critical
temperature and under a pressure exceeding the critical pressure, and is

| pedefinedasca nemcendensableshighgensity. fluids Thissstate is a state
which can not be said to belong to either a gas phase or a liquid phase,
and theosupercritical fluid has a diffusive performance equivalent to that of
gas, although it has a density equivalent to that of liquid. [0013] That is to
say, the supereritical fluid largely changes 9

LZ2: Pipe

L3: Mixing Pipe

L3p: Nozzle

Pl: Fluid Pump

P2: Function-Imparting Material Pump

R1, RZ, R3: Reactor

hi, hZ2: Space Portions

11: Gas Cylinder

12: Reacticn Solution Ceontailner

13: Mixing Ceil
[Best Mode for Carryving Out the Invention]

[0012]

The supercritical fluid used in the present invention
is a fluid at a temperature exceeding the critical temperature
and under a pressure exceeding the critical pressure, and is
defined as a noncondensable high-density fluid. This state
igs & state which can not be said to belong to either a gas phase
or a liguid phase, and the supercritical fluid has a diffusive
performance equivalent to that of gas, although it has a density

equivalent to that of liguid.

[0013]

That is to say, the supercritical fluid largely changes



in density by a slight change in pressure, and has a low viscosity and a
high diffusibility. It is therefore possible to dissolve various
function-imparting agents. In particular, it well dissolves a
function-imparting agent having no polarity. Accordingly, it can allow
these function-imparting agents to penetrate into details of a polymer
formed article, and can be said to be a liquid suitable for
function-imparting processing. [0014] The above-mentioned supercritical

1in fuidsinelides-adluidiHin thesfermafgas o« Hiquid jnaa high-pressure st s ity
sufficiently higher than the pressure of an apparatus used in usual textile

andpeopesgingi(asubcrticdlfluid) TThedfluiddnstch a dugh-prassire stateolve
can dissolve various function-imparting agents just like the supercritical

va iffuid, anfieasily penetratest intg details iof the polymer formedrarticlel well
Accordingly, this fluid exhibits a function similar to the supercritical fluid.

d1 J0015ESpetifid exarhpias-oftae above-mentoted superdtiticsl fRfdsirity.
(including subcritical fluids which are fluids in the form of gas or liquid in a

ACHightpreastire State} h@ddé Catboit dioxiae Noe (Jdpanese NaRgents to

nitrous oxide), water, ethanol and the like. However, carbon djoxide is

PenFEGAIrEfet At (ERH in' Cortsidération BFeAsih8ES G caiditicne for 2 &7

e CYNELSION o, supercriical fid state spfety, heal FESiSiancs. RIGSSUIS, g
processing.

[0014]

The above-mentioned supercritical fluid includes a £1luid
intheformofgasorliquidinajﬂgh—pressurestatesufficiently
higher than the pressure of an apparatus used in usual textile
processing f(a subcritical fluid). The fluid in such a
high-pressure state can dissolve various function-imparting
agents just like the supercritical fluid, and easlly penetrates
into details of the polymer formed article. Accordingly, this
fluid exhibits a functicn similar to the supercritical £luid.

F0015]

Specific examples of the above-mentioned supercritical
fluids (including subcritical fluids which are fluids in the
form of gas or 1liguid in a high~pressure state) include carbon
dioxide, N20 (Japanese Name: nitrous oxide), water, ethancl
and the like. However, carbon dioxide is most preferably used

in consideration of easiness of conditions for conversion to

a supercritical fluid state, safety, heat resistance, pressure

10



resistance and corrosion resistance of equipment, and the like. The
critical temperature of carbon dioxide is 31.1C, and the critical pressure is
7.2 Mpa. [0016] In the present invention, the supercritical carbon dioxide
fluid is more specifically described. There is shown a carbon dioxide fluid
under supercritical conditions of 31.1C, the critical temperature of carbon
dioxide, or more and 7.48 MPa, the critical pressure thereof, or more.
Further, it is also one preferred embodiment in the present invention to

re 456t ArstBGIHical carbon diexide flyich a-carbpn gioxidestuid underne 1ike.

subcritical conditions, namely conditions near the critical points. In the
Thresemtipventientbe subettical carbon rdigxide fluid indicatesa caren the
dioxide fluid having a pressure of 7.0 MPa or more and a temperature of
cr 265G e more andbeing: not ih dpapercritical state. [0017] The
supercritical carbon dioxide fluid (including the subcritical carbondioxide
fluid) Wsedtih the present invention is low in both the critical temperature
and critical pressure, inexpensive next to water, innocuous,

flame-Fetdrdant 2he° RBhcotfosRet ARl smaltfh efvRErmEntal foad. TRE PO
ai sgicific ﬁgravity, can be ap rog,iat,e%y varied b%chan%ing the ressyre S%néjwn

tEmiper Pel,dsc}ﬁwﬁ‘ﬁﬁs Rérehca A deRsity Fom-water, an 6rganic
a cSENL Qr & mixed Foltion gt the Tunction MParing i tions of 31. 1%,
the critical temperature of carbon dioxide, or more and 7.48
MPa, the critical pressure thereof, or more. Further, it is
also one preferred embodiment in the present invention Lo use
a subcritical carbondioxide fluid, a carbondioxide fluidunder
subcritical conditions, namely conditions near the critical
points. In the present invention, the subcritical carbon
dioxide fluidindicates acarbondioxide fluidhaving apressure
of 7.0 MPa or more and a temperature of 25°C or more and being
not in a supercritical state.

[0017]

The supercritical carbon dioxide fluid (including the
subcritical carbon dioxide fiuid) used in the present invention
is low in both the critical temperature and critical pressure,
inexpensive next to water, innocuocus, flame-retardant and
noncorrosive, and small in envircnmental locad. The specific
gravity can be appropriately varied by changing the pressure

and temperature, so that the difference in density from water,

anorganic solvent or amixed solution of the function-imparting

11



agent can be easily secured. Further, an operation for removing the
supercritical carbon dioxide fluid (subcritical carbon dioxide fluid), an
extracting agent, from the function-- imparting agent extracted to a
supercritical. carbon dioxide fluid (subcritical carbon dioxide fluid) phase
is also easy. Furthermore, carbon dioxide is a weak acid, and if the
function-imparting agent is a weak base, the supercritical carbon dioxide
fluid (subcritical carbon dioxide fluid) is used as an extracting agent

agepitable for extragtingdbe peedeterminack fungtiondmparting, agent-femam g
agueous solution or an organic solvent solution by an acid-base

t hdnteraeiionhetiveen the: :superctiticak earbon dioxidesflirie {Subicriticalca rbon
carbon dioxide fluid) and the function-imparting agent. [0018] Then, the

dipalytnerfformed articte used i thel present: inventionomedrisea fonmedion—--
article to which the function-imparting agent can be adhered, such as a

imgextile siruetiird lsueh asaEin d woven faprie knitidd: fabficor Homvovenx 1de
fabric, a film or a resin sheet mainly composed of a polyester-based

£l ﬁdﬁynﬁéi&b&: %Wééyl@ﬁé%e@l%%@r fdiacetabdipased %oﬁﬂrﬁé’r PSY-
polyvinyl chloride-based polymer or an aramid-based polymer. It may b

Pur it heredf IR PartiEHaFE 1 Suchiusas tHEF theArtitle |sar88ea3[é€dlfhe

shed for use, ane mai omposed of polyester fiber is preferabl
fu%é%nu)megpﬁ%ﬁbrﬁzagé%% B wea£ Bése, QE é)perchtlcal

carbon dioxide fluid {subaritical carbon dioxide fluid) is used
asanextractingagent suitable forextracting thepredetermined
functicon-imparting agent froman agueocus solution or an organic
solvent solution by an acid-base interaction between the
supercritical carbon dioxide fluid (subcritical carbondioxide
fluld) and the function-imparting agent.

[6018]

Then, the polymer formed article used in the present
inventionmeans a formedarticletowhichthe function-imparting
agent can be adhered, such as a textile structure such as yarn,
woven fabric, knitted fabric or nonwoven fabric, a film or a
resin sheet mainly composed of a polyester-based polymer, a
polypropylene-based polymer, an acetate-based polymer, a
polyvinyl chloride-based polymer or an aramid-based pclymer.
It may be a mixture thereof. In particular, in such uses that
the article is repeatedly washed for use, one mainly composed
of polyester fiber 1is preferably exemplified.

[C0191

12



As the above-mentioned polyester fiber, preferred is one having ethylene
terephthalate as a main repeating component, more preferred is one in
which 90 mol% or more of repeating units are ethylene terephthalate, and
still more preferred is one in which 95 mol% or more of repeating units
are ethylene terephthalate. [0020] In the above-mentioned polyester, a
small amount of a copolymerizable component may be copolymerized.
Specifically, there are exemplified aromatic dicarboxylic acids such as

isophthalicaeido Ssodivim sulfeisopbthalisacid ander, preferred is one
naphthalenedicarboxylic acid, aliphatic dicarboxylic acids such as adipic
haacichandsebacic acidcaliphatic diols such as: tetramethytenesglycnbamncnt,
hexamethylene glycol, and the like. Further, the above-mentioned
mo pelyestardiberdnaybecore towhithcla stbilizer; anantioxidant; anepeating
antistatic agent, a f luorescent whitening agent, a catalyst, a colorant or
un e [ike s dudde wathire tHefahe ot fmpaitihPthelobjersr this fdhgesc 18
[0021] In the present invention, the supercritical fluid is sprayed to the
onpolyinéffdtetPafticletdddREre the LfurfdtiB A-impartify agert 16 the v -ene
polymer formed article. Preferably, the function-imparting agent is
Cenfiaidly Hhiked with the supercritical fluid, and this mixed fluid is

sprayﬁsjo ﬁ% ﬁhe polymer formed article to firmly fix the function-- 13

In the above-mentioned polyester, a small amount of a
copolymerizable component may be copolymerized. Specifically,
there are exemplifiled aromatic dicarboxylic acids such as
isophthalic acid, 5-sodium sulfoisophthalic acid and
naphthalenedicarboxylic acid, aliphatic dicarboxylic acids
such as adipic acid and sebacic acid, aliphatic diols such as
tetramethylene glycol and hexamethylene glycol, and the like.
Further, the above-mentioned polyester fibermay be one towhich
astabilizer, anantioxidant, anantistaticagent, afluorescent
whitening agent, a catalyst, a colorant or the like is added
within the range not impairing the object of this range.

(00211

In the present invention, the supercritical fluid is
sprayed to the polymer formed article to adhere the
function-imparting agent to the polymer formed article.
Preferably, the function-imparting agent is previously mixed
with the supercritical fluid, and this mixed fluid is sprayed

to the polymer formed article to firmly fix the function--
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imparting agent to the polymer formed article, thereby improving durability
of the function. [0022] As such a function-imparting agent, there can be
used a function-imparting agent having low or no polarity, and the
function-imparting agent is preferably a compound soluble in the
supercritical fluid. Specifically, preferred examples thereof include
function-imparting agents shown below. Further, in order to enhance
processability, developability and reproducibility of the function, and the
imgdike tit is;raeee preferreddbat,the functiesdmparting agenthasg highetving
solid concentration (purity). [0023] The function-imparting agents for
dutmpattingy high-durabilitynwaterrepellency include fluorine-based
compounds, silicone-based resins, paraffin (wax) resins and the like.
[0024]0 The function-imparting agents for imparting high stain-proofing
properties and/or high moisture absorption properties include
polydikylEHE Gyt ofsI Préfepred’ dikiiiies Softhe polyalkiyisiie gijtolee used

include polyethylene glycol having a molecular weight of 20,000 or less.

1

2 15025} The fiifcionmparing agehts st iparifg RighWater A% 2nd the

function-imparting agent is preferabkly a compound scluble in
the supercritical fluid. Specifically, preferred examples
thereof include function-imparting agents shown below.
Further, in order to enhance processability, developability
and reproducibility of the functicn, and the like, it is more
preferred that the function~imparting agent has a higher solid
concentration (purity).

[0023]

The function-imparting agents for imparting
nigh-durability water repellency include fluorine-based
compounds, silicone-based resins, paraffin (wax) resins and
the like.

[0024]

The function-imparting agents for imparting high
stain-proofing properties and/or high molsture absorption
properties include polyalkylene glycols. Preferred examples
of the polyalkylene glycoles include polyethylene glycel having
a molecular weight cof 20,000 or iess.

[00257

The function-imparting agents for imparting high water
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repellency and/or high oil repellency and/or a hand magnified in sliminess
include dimethylpolysiloxanes (silicones) , and the molecular weight of
the dimethylpolysiloxanes (silicones) is preferably 10,000 or less. [0026]
Preferred examples of the function-imparting agents for imparting high
flame retardant properties include condensation type halogenated
phosphoric esters, condensation type phosphoric esters, halogenated
phosphoric esters, phosphoric esters and hexabromcyclododecane.

red@02dn Pieterred-examples of thestuactien-imparting-agentsfon mparting cd
high water absorption properties and/or high sweat absorption properties

in atidierihigh maoisture @bsatpiionh piapetjesi andienkigh stainiproofing , and
properties and/or high antistatic properties include a polycondensation

therodiuetofl an pelyalkylere ghyrol heavingya moleculdrowneightof 4;000tones )
3,000 and terephthalic acid, wherein the degree of polycondensation

is teredfissfrdrid 3'to. £6.J002Z8] FRE function-imparting agents for imparting
high light_resistance improving properties include ultraviolet absorbers,
and Q&%rly, preferred examples of the ultraviolet absorbers include

benzotriazole derivatives.or a benzophenone . derivatives. 15
Preferred examples © 'ghé)ganctlon—lmpart%ng'agents for

imparting high flame retardant properties include condensation
type halogenated phosphoric esters, condensation Ttype
phosphoric esters, halogenated.phosphoric esters, phosphoric
esters and hexabromcyclododecans.

[0027]

Preferred examples of the functicn~imparting agents for
imparting high water absorption properties and/or high sweat
absorption properties and/or high moisture absorptiocon
properties and/or high stain-proofing properties and/or high
antistatic properties include a polycondensation product of
an polyalkylene glycol having a molecular weight of 1,000 to
3,000 and terephthalic acid, wherein the degree of
polycondensation therecof is from 3 to 10.

[0028]

The function-imparting agents for imparting high light
resistanceimprovingpropertiesincludeultraviolet absorbers,
and particularly, preferred examples of the ultraviolet
absorbers include benzotriazole derivatives or a benzophenone

derivatives.
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[0029] As a dye for dyeing the polymer formed article, a disperse dye is
preferred. As such a disperse dye, there can be used a dye slightly
soluble in water and used in dyeing of hydrophobic fiber from a system in
which it is dispersed in water. There can be arbitrarily used benzeneazo
(such asmonoazo and disazo), heterocyclic azo(thiazoleazo,
benzothiazoleazo, quinolineazo, pyridineazo, imidazoleazo and
thiopheneazo), anthraquinone or condensation (quinophthaline, styrine
and coymarin) dyes which are generally used in dyeing of polyester fiber,
acetate fiber and the like. Further, the higher concentration of coloring
solidanaiteria aclye peafetablysesuligrir the eastef dyeing. 40030} isperse
Furthermore, the function-imparting agents for chemically plating to the

dy epalygmer édremed=articlé:include nretall complexesyMetdlsdn theean be used
above-mentioned metal complexes include copper, silver, nickel, gold or

a dyifedikégbirhet cds theemétal2 Eeiplas, tied isTprefefdblyusBd dherhoblc
which is high in solubility in the subcritical fluid or the supercritical f luid,

fikgaxpendive, ahdifRdredver isducitielat dibiPlehisctatireiavidg a Iktfe e

influence, on the, polymer formed article, such as 20 to 100C. Specifically,
Ca TS prETerieT thad et COBIRXRS TasteseHider By MIGACOBN: 5222

e, M ORI DO e,
pyridineazo, imidazoleazo and thiopheneazo), anthraguinone or
condensation (guinophthaline, styrine and coumarin) dyes which
are generally used in dyeing of polyester fiber, acetate fiber
and the like. Further, the higher concentraticn of ccloring
solid matter ine;dye;ueferably‘results in the easier dyeing.

[0030]

Furthermore, the function—imparting agents for
chemically plating to the polymer formed article include metal
complexes.

Metals in the above-mentioned metal complexes include
copper, sllver, nickel, goldor the like. Further, as themetal
complex, thereispreferablyusedcecnewhichishighinsolubility
inthesubcritical fluidcer the supercritical fluid, inexpensive,
and moreover, reducible at a low temperature having a little
influence on the polymer formed article, such as 20 to 100°C.
Specifically, it is preferred that metal complexes represented
by MnXm {COD) w, Mn (COD)m (COT) w, Mn (CCD)m(0SiPhs)w,

Mn (COT)m{OSiPhs}w, Mn{R)m(0SiPhy)w, Mn{RX)m(OSiPhs)w, M{OR)n,
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M(OCOR)n and M (RCOCH2COR) n are used. These metal complexes
are easily reduced to metals with a reducing agent. In these metal
complexes, Xis F, Cl, Br, I, CN, NO3 or C104, and R is a hydrocarbon
group, a halogenated carbon group such as fluorine or a
phosphor-containing hydrocarbon group. Further, COD is cyclooctadiene,
COT is cyclooctatriene, and OSiPh3 is a silanol group. Furthermore, M is
a plating metal (Cu, Ag, Ni, Au or the like) , and n, m and w are an integer

M (etenmingdiby thevalenes nuaberefdhie metak When-Mis-divalest:es are
more, X and R exist in a metal-containing compound in a plurality of

ea fofingsr lowever: dhesedfbrmsimaybe théwsaime; arahifferent for eaelsdmetal
particular, it is desirable to use a metal complex in which COT or COD is

corgohtained dsis ligand, dre, of iwo einererséleeted:frdrh theadgradp ocarbon
consisting of siloxo group, an alkyl group and a silanol group are used as

Srifgand ofkret HEH et CandthBse ligdhaE Paré B6Rcufrenthy et acr &

metal, because it is easily hydrocracked with hydrogen at a low ,
ph?é%%ﬁﬁ@&@%ﬁ%e%ﬁé%%@%@ﬁg gHitiAnfluedce & fife pofyter +3

cyddaaed aaéti‘é'ﬁ’?wh Iehy, Delng. a0IC 10 ODIAL eta, PAIEes, 1903 T1e- o1

L lern
ag redu e meatalrcomﬁéx carried on ace o

o= JIf POk I aLiile @ PrETANY o8 AL oL IO R e T o

group consisting of hydrogen, “carbon monoxi é, a boron

th@meQ_lj'Odaﬁcpﬂg’%P@;ﬁi @ asi“éﬁ}ﬁq BQ%Q@@?@E&@?W&’@W@?}JQ@@G lence

formalin, 17

number of the metal. When M is divalent or more, ¥ and R exist
inametal~containing compound inapluralityof forms. However,
these formsmaybe the sameordifferent foreach. Inparticular,
it is desirable to use a metal complex in which COT or COD is
contained as a ligand, one or two or more selected from the
group consisting of siloxo group, an alkyl group and a silancl
group are used as a ligand other than that, and these ligands
are concurrently linked to a metal, because it is easily
hydrocracked with hydrogen at a low tTemperature or rcom
temperature having a little influence on the polymer formed
article, tﬁereby being able to obtain metal particles.

0031}

The reducing agent which reduces themetal complex carried
on a surface of the polymer formed article is preferably one
or two or more selected from the group consisting of hydrogen,
carbon monoxide, hydrazine, a boron compound, a phosphite, a

sulfite, Rochelle salt, diethylaminebcrane, formalin,
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hydroquinone, a saccharide and an organic acid. A reducing reaction with
the reducing agent for the metal complex carried on the surface of the
polymer formed article may be conducted in the subcritical fluid or
supercritical fluid after defatting and etching of the polymer formed article,
or in a gas phase after pressure reduction. As described above, the
subcritical fluid or supercritical fluid in which the metal complex containing
the same metal as the plating metal is dissolved is sprayed to and

hy dreughtriatec.contact withhthe: prlymen formed:arbelecwheteby the suefaee ng
of the polymer formed article is defatted and etched, and then, the metal

reoomplexys. carredondtie sunfacesefrthef polyrher fermed adtiglé. <Fher théed
metal complex carried on the surface of the polymer formed article is

on redaced uSigethe! rétecing- agent, theralsyddepositidg the métal irptheucted
metal complex on a surface of a substrate to form metal nuclei. That is to

in iy feanetdl E6mplex tafriell BRIRE StiffadE of the poRymer FerfetRtting
article is reduced with the reducing agent such as hydrogen to easil

& liftffiate the igand n the HAl COMPIEY. fromithe efdl, therépyas Phase

fd(%)gosi;[:in trllli%rgnertgl %n %\sc%face of a substrate to form metal nuclei.
& th Erthier: an éijec(frolress'plating method further comprises the step

of imgersing.the polymer farped artile,on the syfage gf whichihe metal,

nuclei are formed,’in a plating solition 1

supercritical fluid in which the metal complex containing the
same metal as the plating metal is dissolved is sprayed to and
brought into contect with the polymer formed article, whereby
the surface of thepolymer formedarticle isdefattedand etched,
and then, the metal complex is carried on the surface of the
polymer formed article. Then, the metal complex carried on
the surface of the polymer formed article is reduced using the
reducingagent, therebydepositingthemetal inthemetal complex
on a surface of a substrate to form metal nuclei. That is to
say, the metal complex carried on the surface of the polymer
formed article 1s reduced with the reducing agent such as
hydrogen to easily eliminate the ligand in the metal complex
from the metal, thereby depositing this metal on a surface of
a2 substrate to form metal nuclei.

[CG032]

Further, anelectroless platingmethod further comprises
the step ¢f immersing the polymer formed article cn the surface

of which the metal nuclei are formed, in a plating sclution
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containing the above-mentioned plating metal, in addition to the
above-mentioned pretreatment step. As the metal in the plating solution,
the same metal as the metal in the above-mentioned metal complex is
used. Further, the reducing reaction with the reducing agent for the metal
complex carried on the surface of the polymer formed article may be
conducted in the plating solution to which the reducing agent is added,
not in the subcritical fluid or supercritical fluid after defatting and etching
coraf dhe pelymerformedarticler onnetdin thergas;phase after presstifte ion to
reduction. As described above, by immersing the polymer formed article
thonthewsurface tof which theemetsd uetel ase- deposited, tingdheglatingin the
solution of the plating metal, a deposition reaction is allowed to
plaontiguoasiyproceed usting thesdepositeda metakas ahcautoestalystias itthe
is, to form a plated layer. That is to say, the metal in the plating solution is
ab@eposred s e Reta nGaBrBy guicc ataRSis toforh e plated faysidugd ng

a result, the adhesiveness between the metal nuclei and the plated layer

zeqah BB M proved, Sd At T Blad Ty &rdan Be Tade difitit 6 peaf ot =
on [ 100 SUTBEE S Vg byt o A 03 WIS 0o
in Lm%%ﬂ%%é%ﬁ?%i%%%é% dissolvad. ina solyent fo-yse ag a[gaction y ey,
not in the subcritical fluild or supercritical fluid after
defatting and etching of the polymer formed article, or not
in the gas phase after pressure reduction.

As described above, by immersing the polymer formed
article on the surface of which the metal nuclel are deposited,
in the plating solution of the plating metal, a deposition
reaction is allowed to continuously proceed using the deposited
metal as an auvtocatalyst, as it is, to form a plated laver.
That is to say, the metal in the plating solution is deposited
on the metal nuclel by autocatalysis te form a plated laver.
As a result, the adhesiveness between the metal nuclel and the
plated layer can be improved, so that the plated layer can be
made difficult topeel off fromthe surface of the polymer formed

article.

{0033}

When the above function-imparting agent 1s not liquid,
it is preferred that the functicon-imparting agent is dissclved

in a solvent to use as a reaction solution.
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Such solvents include polar solvents such as methanol, ethanol,
propanol, isopropyl alcohol, butanol, benzyl alcohol, acetone,
acetophenone, N-methyl-2-pyrrolidone, methyl ethyl ketone,
dimethylsulfoxide, dimethylformamide,ethylene glycol and acetonitrile,
aromatic solvents such as toluene, benzene and xylene, and the like. The
concentration of the function-imparting agent in the above-mentioned
reaction solution is usually from 1 to 60% by weight, and preferably from

about bdp 409%0-hy-weight.Rurtherp theseoreentation ofiihe, as methanol,
function-imparting agent in the supercritical fluid (including the subcritical
et Hiuid) Imayberappropriately adjusted depending wn:the properties] and-thiec 1,
like of the function-imparting agent used. [0034] Further, although the
acegmount ofthé forictionrimpaiting Ageht adheredad the pelynver formed thy 1
article varies depending on the kind of function-imparting agent, it is
ke YshalysInt 1o 50%06 By dfeight s rmstersohit cofteft WhéeR thelycol
amount adhered is less than 1% by weight, the exhibition of the function

ands Hot sAistactbryin 0eTases 20035 i the predehtifvetftion; tmenzere

ercrltlcal qu%ﬂs sg yed to the above polymer formed article to firmly
ancﬁlx & SiRetsh: fig‘r % agent to the polymer formed article, thereby

impaghng the 3ReFIG u ”&ﬁo@ft%heﬂ?%@%r formed apicle, 20 ent in the
above-mentioned reacticn solution is usually from 1 te 60% by
weight, and preferably from about 5 to 40% by weight.

Further, the concentration of the function-imparting
agent in the supercritical fluid {(including the subcritical
filuid) maybe appropriatelyadjusteddependingonthe properties
and the like of the function~imparting agent used.

[0034]

Further, although the amount of the function-imparting
agent adhered to the polymer formed article varies depending
on the kind of function-imparting agent, it is usually from
1 to 50%% by weight in terms of solid content. When the amount
adhered is less than 1% by weight, the exhibition of the function
is not satisfactory in some cases.

[0035]

In the present invention, the supercritical fluid is
sprayed to the above polymer formed article to firmly fix the
function-impartingagent to thepolymer formedarticle, thereby

imparting the specific function to the polymer formed article.
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As a firmly fixing procedure, there may be used a method of treating the
surface of the polymer formed article with the above-mentioned various
function-imparting agents such as the dye, the metal complex and the
flame retardant, and spraying the supercritical fluid to this treated polymer
formed article to firmly fix the function-imparting agents to the polymer
formed article. Further, in a firmly fixing procedure in the present
invention, the function-imparting agent is previously mixed in the

supergriticalfluid .and then; thisdnixed fluid is,sprayesy, 1o, the pelymefe thod
formed article such as the textile structure, thereby firmly fixing the

of fupetion-impearting agentto the polymel {ermed adiclete impart Heith the
specific function. Preferred is the latter method. [0036] The

ab domctioarimpartingvmethodoffthe present inyentionngnadhe apparatus:s the
used in this function-imparting method will be described below using the

dyelraWirgstéry afupetion-impamingtdpparatuscl 0 of Figdana fluith dterageying
container 11 (CO2 gas cylinder) for storing a fluid which can be converted

theossFgerentidal Stafel ‘& ffidpiamps P for eBfh pressing and fFansporing: L ©
the fluid, a_ function-imparting agent pump P2 for transporting a

£ fUnEHON-mpaTtiRg HGET A & TasEhon SOREGH comaingr s L ymer formed

ar1gfygcitelqn-lmpartlng agent storage container) are sequentially 21

Further, in a firmly fixing procedure in the present
inventicn, the function-imparting agent is previocusly mixed
inthe supercritical fluid, andthen, thismixed fluidis sprayed
to the polymer formed article such as the textile structure,
thereby firmly fixing the function-imparting agent to the
polymer formed article to impart the specific function.

Preferred is the latter method.

[0036]

The function-imparting method of the present inventiocn
and the apparatus used in this function-imparting method will
be described belcw using the drawings.

In a function-imparting apparatus 10 of Fig. 1, a fluid
storage container 11 (CO; gas cylinder) for storing a fluid
which can be converted to a supercritical state, a fluid pump
Pl for compressing and transporting the  fluid, a
functicon-imparting agent pump P2 for transporting a
function~imparting agent and a reaction solution container 12

{(functicn-imparting agent storage container) are sequentially
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connected through connecting pipes L1 and L2. Then, a mixing pipe L3 is
branched at a branch point A from the connecting pipe between the fluid
pump P1 and the function-imparting agent pump P2. A filter for removing
dirt in carbon dioxide, rust of the gas cylinder and other foreign matter
and a high-pressure container cooler for storing carbon dioxide may be
sequentially disposed between the pump Pi and the branch point A.
Further, the reaction solution container 12 may be a mere solvent
cokBtainel. {n this case; AN apparaius fokinjectinghimpartingragant sugh 2sn g
a syringe is additionally provided between the pump P2 and the point A.
pidirthermere, therisdisposed-a Girculasseaaton Ri-kavinthan connect ing
approximately reverse T-shaped space taken in a cross section facing to
pi@etipaireetontofe théuidipgupipé L3 and coniprising. one space portipmbent
for allowing a polymer formed article such as textile to run therethrough,
puhiélR pasBe$ thiotighfromciecd of thid ¥sacton toakheotheriPandehe rust
other space portion h2 for spraying the function-imparting agent existing
o hétEST fromditGpper it porioR BRoPan s PprSXimately Cetter porivAYL e
to a lower end. portionC, and a nozzle L3p on a tipportion of the above,

ConhnlisiedChisind Pipé £37d BEnMBERY S tHe dpirel BXd Forfor 8 bF tie - ¥
. other space portion_of the reactar. Further, a mixing_coil .13 is connect
By o1 R ABoU A Uareh g B Co Fiors Wt & nosble L8

_ he above ed mixing pi tahozzle L
oy Cxoé‘é‘ggfgnto é'%%‘#@%%%e” %%chg%e% of the feacter.alsp inclydes e, .
case where a nozzle L3p is 2

container. Inthis case, an apparatus for injecting imparting
agent such as a syringe is additionally provided between the
pump PZ and the point A. TFurthermore, there 1s disposed a
circular reactor Rl having an approximately reverse T-shaped
space taken in a cross section facing to a tip direction of
the mixing pipe L3, and comprising cne space portion hl for
allowing a polymer formed article such as textile to zrun
therethrough, which passes through from one D of this reactor
70 the other E and the other space portion h2 for spraying the
function—imparting agent existing between from an upper end
perticn B of an approximately center portion to a lower end
portionC, andanozzleL3ponatipportionof theabove-mentioned
mixing pipe L3 is connected to the upper end portion B of the
other space portion of the reactor. Further, a mixing ceil
13 iz connected to a path of the above~mentioned miXing pipe
I.3. Here, thatanozzleL3pisconnectedtothe upperendportion

B of the reactcor also includes the case where a nozzle L3p is
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inserted in the upper end portion B and the case where both are integrally
connected to each other. [0037] In the function-imparting apparatus 10,
carbon dioxide supplied from the carbon dioxide gas cylinder 11 is
elevated in pressure and temperature to a supercritical state (or a
subcritical state) by the pump PI through the pile L1, and reaches the
mixing pipe L3 at the blanch point A. On the other hand, a reaction
solution (function-imparting agent solution) of the reaction solution

in&ontaineri1? passesthreuah the-pipe iZ-and dhe pump B2sandreachesotn
the mixing pipe L3 at the branch point A to be mixed with carbon dioxide
ardn thecsupercritical state -t this case;, Supetdritical fluid carbon dioxide
and the reaction solution are homogeneously mixed with each other in
the mikithg 7 c¢oil 13 connected to the mixing pipe L3. Here, the mixing coil
13 performs mixing and extraction of the function-imparting agent into the
supefctitidat flbie: By dlowiat thethiid t6 FIew 1R alcoil-fike feW pathdTRe 1de
mixed state in this coil is more facilitated by adjustment of flow rate

SURGAchfiq of afiler RsEAERER of abatiEpias, Ghd thefike Ih the = evated

. apparatus of Fig. 1, the mixed fluid is sprayed from the nozzle L3p of the
i RS TGS SSUREF AR At S G R AGT e o7 2

su Sg%%%geggg&lég the, direction Do & of the tin-tube L iype 6aetor B, o o
the mixing pipe L3 at the blanch point A. On the other hand,
areaction solution (function-imparting agent solution) of the
reaction solution container 12 passes through the pipe L2 and
the pump P2, and reaches the mixing pipe L3 at the branch point
A to be mixed with carbon dioxide in the supercritical state.
Inthiscase, supercritical fluidcarbondicoxideandthe reaction
solution are homogeneously mixed with each other in the mixing
coil 13 connected to the mixing pipe L3.

Here, the mixing ccill 13 performs mixing and extraction
of the function-imparting agent into the supercritical £luid
by allowing the fluid to flow in a coil-like flow path. The
mixed state in this coil is more facilitated by adjustment of
flow rate, loading ¢f a filler, installaticn of 2z baffle plate,
and the like.

In the apparatus of Fig. 1, the mixed fluid is sprayed
from the nozzle L3p of the mixing pipe to the polymer formed
article such as textile running in the space portion hl in the

direction D to E of the thin-tube T type reactor R1 through
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the space portion h2 in the direction B to C, thereby imparting the

function-imparting agent to the running polymer formed article such as

textile. In this case, the mixed fluid is sprayed from the nozzle Lap,

whereby there is a fear of a rapid decrease in pressure and temperature

in the mixing pipe L3. In Fig. 1, therefore, a mixing coil 14 is additionally

provided in a passage of the mixing pipe L3 in the vicinity of B of the

reactor R1, and a heater 15 is provided in the vicinity of this mixing coil 14
theomaintaip the: Superctiticaltdresubicriticalistat® in ¢hé pathweyoef theparting

mixing pipe L3. Although the reactor R1 has an approximately reverse
the-shapedispacetakert ima ciesesection,taril iswonstittited byrasehollowrmed

pipe made of aluminum, stainless steal or the like, the dimensions thereof
argré hBt particuldfly lifditett: As for the above respective pipes and devices,

the insides thereof are ground, thereby decreasing the fluid resistance to

keep &’siriobth ffoW: Firtifer e foZzié datieteP bf e dbove-fentidhiéd @

- 4 hozz eeLIS is, for exa%pleéfrgéna% t% 150{%) m, alng prgferaglggr%@ abrogé égm
%3 20 m.é%@B f%faunc%ion-imparting apparé%us 2?) ocfrlﬁg. had thé

an34MG, Cé’@%% gni%c' lt%@gmﬂ‘ﬂlﬁ tl%eiﬁéC%%tiion EqnatEai%a:t (1i’sc nge ore,
reactopls used as a reactor R2, and that a heater 16 is rowdea together

a ﬂﬁ&%\ﬁicggtyloﬁaﬂbﬂ?goé?daggi.?@rfg]m%%rovided in a passage of the

mixing pipe L3 in the vicinity of B of The reactor R1l, and a

heater 15 is provided in the vicinity of this mixing coil 14

tomaintainthesupercritical orsubcritical stateinthepathway

of the mixing pilpe L3.

ARithough the reactor Rl has an approximately reverse
T-shaped space taken in a cross section, and is constituted
by a hollow pipe made of aluminum, stainless steal or the like,
the dimensions thereof are not particularly limited.

As for the above respectivepipes and devices, the insides
therecf are ground, thereby decreasing the fluid resistance
to keep a smooth flow. Further, the nozzle diameter of the
above-mentioned nozzle L3p is, for example, from 1 to 500 um,
and preferably from abcout 10 to 200 um.

[0038]

A function~imparting apparatus 20 of Fig. 2 has the same
constitution as in Fig. 1 with the exception that a fiat disc
type reactor is used as a reactor RZ, and that a heater 16 is

provided together in the vicinity of a bottom portion of the
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reactor, in place of the mixing coil 14 and the heater 15 of Fig. 1.
According to the function-imparting apparatus 20 of Fig. 2, there is a fear
of failing to sufficiently maintain a sprayed mixed fluid in the supercritical
state or the subcritical state on spraying. Accordingly, a running polymer
formed article itself such as textile is heated with the heater 16 provided
in a bottom portion of the reactor R2, thereby preventing the effect of
imparting the function-imparting agent from decreasing. Although the
redeaetol R has ateverserTrshaped space taken iaaLross seetion arndisc £
constituted by an approximately disc-like (taken from the front) pipe made
Fiof aluminum, stainless steal or the like, the dimensions thereof are not
particularly limited. The other constitutions and functions are the same as
in Figick; socthatthe deseriptions thereofBrecGrhitted 0 [0039TAs 20 of Fig.
function-imparting apparatus 30 of Fig. 3 has the same constitution as in
2, FleIswith thé exéepliorpthht Bdrafspatent Ape redclicn CeRR3 fstikégyed
as a reactor R3, and that an infrared rag lamp 17 is provided together in

mEARE Viditiity! o h boRoHCFGTtion of tie reactor ﬁFpH’c% BF tHe thixifg cofl 74~ ©

on 33010 Reater 15,91 Fig 4 According fo he o pearing PR,

itself such as textile is heated with the heater 16 provided
in a bottom portion of the reactor R2, thereby preventing the
effect of imparting the functicon-imparting agent from
decreasing.

Although the reactor R2 has a reverse T-shaped space taken
in a cross section, and is censtituted by ah approximately
disc-like {takenfromthe front) pipemadeof aluminum, stainless
steal or the like, the dimensions thereof are not particularly
limited.

The other constitutions and functions are the same as
in Fig. 1, so that the descriptions thereof are omitted.

(00397

A function-imparting apparatus 30 of Fig. 3 has the same
constitution as in Fig. 1 with the exception that a transparent
type reactioncell R3isusedas areactor R3, andthataninfrared
ray lamp 17 is provided together in the vicinity of a bottom
portion of the reactor, in place of the mixing coil 14 and the

heater 15 of Fig. 1.

According to the function-imparting apparatus 30 of Fig.
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3, there is a fear of failing to sufficiently maintain a sprayed mixed fluid in
the supercritical state or the subcritical state on spraying. Accordingly, a
running polymer formed article itself such as textile is heated with the
infrared ray lamp 17 provided in a bottom portion of the reactor R3, and
the mixed fluid is heated in the vicinity of the nozzle L3p on the tip
portion of the mixing pipe, thereby maintaining the supercritical or
subcritical state of the mixed fluid. Although the reactor R3 has a reverse

3, Trehapedspdceatakeh finalérogs-seetidn, lantas eonsttuted dyrahelione yed

. pipe made of quartz or the like, which is shaped so that a center portion

L Réreofin thedireGisH BRI E S inffated tthedirrehSiBris et bt arendt 2t e

particularly limited. The other constitutions and functions are the same as

N iy Bl 1158 that tHe déschiptisis therdofareorfiitied ™ {6040} i the above "

.. description of Figs. 1 ta 3, there has been explained the example in which
e T S o The S polomer ToAgea Arddd 16 =P

17?{;@!}’\@8@& fypction-imparting agant.fo the sydace.of Ing polymer, .4 p

ormed article. However, the polymer formed article such as the textile
m1 SHHCEUreQf the flBunaybe.fixad, and-the:supereritical fuidmaybs, on the

sprayed to the polymer formed article while moving the nozzle L3p back
t i gnabforthiand/er froamaghtiiadlefly [Q043d 26 thereby maintaining the
supercritical or subcritical state of the mixed fluid.

Although the reactor R3 has a reverse T-shaped space taken
in a creoss section, and is constituted by a hollow pipe made
of gquartz or the like, which is shaped so that a center portion
thereof in the direction D to E is inflated, the dimensions
thereof are not particularly limited.

The other constituticns and functions are the same as
in Fig. 1, so that the descriptions thereof are omitted.

[Q040]

In the above description of Figs. 1 to 3, there has been
explainedtheexample inwhichthesupercritical fluidisspraved
to the running polymer formed article to firmly fix the
function-imparting agent to the surface of the polymer formed
article. However, the polymer formed article such as the
textile structureor the filmmaybe fixed, and the supercritical
fluid may be sprayed to the polymer formed article while moving
the nozzle L3p back and forth and/or from right to left.

(00417
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Further, in the method for imparting a function to a polymer formed article
of the present invention, a single nozzle type jet nozzle may be used, the
supercritical fluid (C02) and the function-imparting agent (sample) may be
previously mixed with each other and supplied to a supply port of the jet
nozzle, and this mixed fluid may be sprayed from a tip of the nozzle to
the polymer formed article, as shown in Fig. 4. In this case, it is preferred
that the mixed fluid of the supercritical fluid and the function-imparting

agent-(sarple) is:heatedsinmibg viciityof the supplyportephes a polymer
upstream side of the single nozzle type jet nozzle. When the single nozzle

f o typeijetnozziesisaised; ¢hp rsupercriticalsftuid (CQ2kandthe ¢ nozzle type
function-imparting agent (sample) are mixed with each other before they
1eemerzthenozzlie b4t isthereféieenecessary thiat thelsdmpledis($8lubleimthehe
superecritical fluid such as C02. Further, the supercritical fluid such as C02
fuishydrophobie! §6 taptheTunctishbmparting agent (sample)isaiseed with
required tobe hydrophobic. Furthermore, C02 and the sample are heated
cagh i 85medtithe, StPihat Ehea? dectmiposabRPsdmpie &ditnathe BSEd ¢

In the method for imparting a function to a polymer formed article of the
2L IR MG (1P Gngfe RS e Tevhyate Bt Flg. 3 nao 221
tooIE er conftitution% an% élénctiogésic;re thgssaéne as in. IrzligF %gs_o gh_at the

desgriﬁjtfjon%qﬁgreo? “are omitt 7’ oW

In this case, 1T is preferred that tThe mixed fluid of
the supercritical £luid and the EUHctionwimparting agent
(sample} is heated in the vicinity of the supply port on the
upstream side of the single nozzle type jet nozzle.

When the single nozzle type Jjet nozzle is used, the
supercritical fluid (CC;) and the function-imparting agent
{sample) aremixed with each other before they enter thenczzle.
It is therefore necessary that the sample is soluble in the
supercritical fluid such as CO;. Further, the supercritical
fluidsuch as CO; is hydrophobic, so that the function-imparting
agent (sample) isalsorequiredtobehydrophobic. Furthermore,
CO, and the sample are heated at the same time, so that a heat
decomposable sample can not be used.

In themethod for imparting a function to a polymer formed
article of the present invention using the single nozzle type
jet nozzle of Fig. 3, the other constitutions and functions
are the same as in Fig. 1, so that the descriptions thereof

are omitted.
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For example, the arrangement and piping paths of the supercritical fluid
(C02) and the function-imparting agent (sample) , the arrangement of the
mixing coil, and the like are the same as in Fig. 1. [0042] Further, in the
method for imparting a function to a polymer formed article of the present
invention, a double nozzle type jet nozzle may be used, the supercritical
fluid (C02) and the function-imparting agent (sample) may be each
supplied to a separate supply port of the jet nozzle without previously

mixing ‘ot & iixed Bfa fip "G Rb22le ZaHY MiFmidediHRid ay bé e
sprayed to the polymer formed article, as shown in.Fig. 5. In this case, it
U bt et e Spdihtbar o) SAT e eUBR g oen
agent (sample).are_each arately heated.in the vicinity of the supply
o e P o BIL Mg (oo Tk e e e =
th@oy%nggzlglty%eijst. nqzzle is used, the supercritical fluid (C02) and the
function-imparting agent (sample) are mixed with each other in the
nozzlg; Aegprdingly, the function-imparting agent (sample) may not be
soluble in the supercritical fluid (C02). Further, the function-- imparting
agent{saimple) may he eihechyosephabic-eripalar £ Fudbesmare dhe 1 yme -

supercritical fluid (C02) and the function-imparting agent (sample) are

foimdependentlychedtedp L@ resent invention, a double nozzle type
jet nozzle may be used, the supercritical fluid (CO;) and the
function-imparting agent (sample) may be each supplied to a
separate supplyport of the jet nozzle without previouslymixing
both and mixed at a tip of the nozzle, and this mixed fluid
may be sprayed to the polymer formed article, as shown in Fig.
5.

Inthis case, it ispreferred that the supercritical fiuid
(CO;) and the function-imparting agent (sample) azre each
separately heated in the vicinity cof the supply port on the
upstream side of the double nozzle type jet nozzle.

When the double nozzle type Jjet nozzle is used, the
supercritical fluid {CO;) and the function-imparting agent
(sample} aremixed with each other in the nezzle. Accordingly,
the functicn~imparting agent (sample) may not be soluble in
the supercritical fluid (C0s.). Further, the function--
imparting agent (sample) may be either hydrophobic or polar.
Furthermore, the supercritical fluid {CO2) and the

function-imparting agent (sample) are independently heated,
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so that a heat decomposable sample is also applicable. In the method for
imparting a function to a polymer formed article of the present invention
using the double nozzle type jet nozzle of Fig. 5, the other constitutions
and functions are the same as in Fig. 1, so that the descriptions thereof
are omitted. For example, the arrangement and piping paths of the
supercritical fluid (C02) and the function-imparting agent (sample) are the
same as in Fig. 1 with the exception that the pipe LI does not unite with

so the, piped Zattheprangh paint 1A, andiihat thesmixing, ceib 3 is-aehused,

in Fig. 1. [0043] In a jet nozzle specification such as the above single

nozzletype:jetozzie o5 double nozzle type iet nozzle,dA) shejetorifiecaned
diameter and jet orifice length and (B) the kind of function-imparting agent
ar fthe kind Hf thetab nanecadllcid vearticles (geld; silvér coppet orther ike) type
conductivity-- expressing material such as sodium citrate or aurichloric
Jehclth zadiresive Maderidl suehascdetanedithislorttinziprethiol ccohuplex,i ons
alcohol or metal] are changed, thereby being useful for (C) uses such as
arel)the fishdef erectrie gﬁdé‘elel:troﬁfé bses [the tiefotabricaliibh ot RFipreot

(wireless tags), organic transistors, IC wafers and the like, and the
2rqusfiée ttting of thin films and glass], (2) the field of transport

equipent (ulualight conductive members for aytomablies and ateratt,

supercritical fluid (C0:) and the function-imparting agent
{sample) are the same as in Fig. 1 with the exception that the
pipe L1 does not unite with the pipe L2 at the branch point
&, and that the mixing coil 13 is not used, in Fig. 1.

(0043}

In a jet nozzle specification such as the above single
nozzle type jetf nozzle or double nozzle type jet nozzle, (A}
the jet orifice diameter and jet orifice length and (B) the
kind of functicon-imparting agent [the kind of metal nanocolloid
particles {gold, silver, copper or the like), conductivity--
expressingmaterial such as sodiumcitrate or aurichloric acid,
adhesive material such as decanedithicl or triazinethicl,
complex, alcchol or metal] are changed, thereby being useful
for {C) uses such as (1) fhe field of electric and electronic
uses [the microfabrication of RFID (wireless tags), organic
transistors, IC wafers and the like, and the dust-free cutting
of thin films and glass], (2} the field of transport equipment

(ultralight conductive members for automcbiles and aircraft,
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and the like) , (3) textile (high-function fiber, conductive fiber, special.
dyeing technology and the like), (4) surface printing technology and (5)
adhesive materials. [0044 On the other hand, in the method for imparting
a function to a polymer formed article of the present invention using the
above single nozzle type jet nozzle or double nozzle type jet nozzle, the
polymer formed article maybe previously laser heated, and successively,
the mixed fluid of the supercritical fluid and the function-imparting agent
antayhbke spiayed fram thessirigle nozzigntypesjetnazrzlerabdayblenozziet ive
type jet nozzle to the heated site, as shown in Figs. 6 and 7 (this method
1 is=hereiraftet 2dlsd vefered tocas a ager-heating assisticiusterjet surface
method". The jet nozzle shown in Figs. 6 and 7 is the single nozzle type
oI jet bz dleterdouble itz ZIB dypecjet ABREE 18t i is-sHown Ehat this
method is applicable to either of them. In this case, the film is laser
heated; WHilé moving the polymer formed article such as the film in one
direction at a constant moving speed V, and s ccessiveI%/ the mixed fluid
of the SubBRMICAT Fiuid Bid the nctBRARTpArtiNg adett Fis Spraged-from -
the jet nozzle to the heated site, after. T seconds from laser irradiatian, at
BN i LRt Fbwt G heed B el ey L1 Ehe
abakes:it pessible todecrease s the feating.width ;a0 adiysiment of the. jet

heating depth is also 30

nozzle, thepolymer formedarticlemaybeprevicusly laserheated,

to

and successively, the mixed fluid of the supercritical fluid
and the function-imparting agent may be sprayed from the single
nozzle type jet nozzle or double nozzle type Jet nozzle tc the
heatedsite, asshowninFigs. 6 and”7 (thismethod is hereinafter
alsoreferredtoasa “laser-heatingassist cluster jet methoed”.
The Jetf nozzle sheown in Flgs., 6 and 7 is the single nozzle type
det nozzle or double nozzle type jet nozzle, and it is shown
that this method 1s applicable to either of them.

In this case, the film is laser heated, while moving the
polymer formed article such as the £ilm in one direction at
a constant moving speed V, and successively, the mixed fluid
of the supercritical fluid and the function-imparting agent
issprayedfromﬁjnejetnozzletotﬁmaheaﬁedsite,afteri?seconds
from laser irradiation, at a position Lmm apart from the heated
site.

Thus, the laser heating makes it possible to decrease

the heating width, and adjustment of the heating depth is also
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easy. Further, when the function-imparting agent is driven in the surface
of the heated site by the mixed fluid using the jet nozzle after the laser
heating of the surface of the polymer formed article such as the film, as
described above, diffusion of a heated portion is inhibited by cooling. Like
this, the jet nozzle performs cooling of the heated portion by the laser
heating, as well as it drives the function-imparting agent (sample) in the
surface of the polymer formed article. [0045) In the above method in
eahich the laser heating and the jet nozzle are combined with each other
(the laser-heating assist cluster jet method), the function-imparting agent
(sample) can rbevdrivertimethie hedte d portiorefor arshort period ofdimeren in
after the laser heating. According to this method, the height, depth and
thevigthr 6hthre surfddecofthe polyriérforied Brtcle bftef pfocesdings taw behe
~optimized by the distance between the nozzle and the surface of the
1 eformeéd aftivfet tie MevintPSgeat of tHeférmed Safiicié the Rihd bf polymer
function-imparting agent and the amount thereof added, the surface

£0 Reififerdtire of the fofmic aificle. ‘dh fie Tk s Wel A% thedn of aser ™
o< et e o e g, T ghod e
je%h%%%%%@gggg§5¥ks cooling'of the heated portion by the laser
heating, as well as it drives the function-imparting agent
(sample)} in the surface of the polymer formed article.

(00457

In the above method in which the laser heating and the
jetnozzlearecombinedwitheachother {the laser-heatingassist
cluster jet method)}, the function-imparting agent {sample) can
be driven in the heated portion for a short period of time after
the laser heating.

According to this method, the height, depth and width
of the surface of the polymer formed articie after processing
can be optimired by the distance between the nozzle and the
surface of the formed article, the moving speed of the formed
article, the kind of function-imparting agent and the amount
thereof added, the surface Temperature of The formed article,
and the like, as well as the kind of laser and the diameter
and length cof the jet nozzlie.

This method is applicable for users similar to those for

the above jet nozzle specification by making these conditions

31



aptitudinal. The laser light output in the above laser heating is from 1 to
50 W, and preferably from about 1 to 30 IN. [Examples] [0046] The
present invention will be illustrated in more detail with reference to the
following examples. Physical properties in the examples were measured
by the following methods. [0047] (1) As for adhesion of the
function-imparting agent to the polymer formed article and the presence
or absence of adhesion of the various function-imparting agents to the

apipotyrmiemn fdrmed article, qualitative analysis was performed by any one of
the following methods. (i) Line analysis (XMA) was performed using a
scanfilng lelection Mikoseopeimanufabured BieRigalar Corporationt (il rom
After the function-imparting agent was extracted from the polymer formed

1 ticle, ualitativersitalysis pEABrnIetPWith & fiiorésceht X-ray
analyzer manufactured by Rigaku Corporation. (iii) After the

[ E$GAdtiohSimparting agent was dissolved with hexaf luoroisopropanol,

qualit]aéig% alysis was performed by NMR. (iv) After the
function-i %!;rting agent was dissolved 32

The present invention will be illustrated in more detail
with reference to the following examples.

Physical properties in the examples were measured by the
following methods.

(0047]

(1) As for adhesicn of the function~imparting agent to
the polymer formed article and the presence or absence of
adhesionofthevarious function-impartingagents tothepolymer
formed article, qualitative analysis was performed by any one
of the following methods.

(i} Line analysis (XMA)} was performed using a scanning
electron microscope manufactured by Rigaku Corporation.

(ii) After the function-imparting agent was extracted

rom the polymer formed article, gualitative analysis was
performed with a fluorescent X-ray analyzer manufactured by
Rigaku Corporation.

(iii) After the function-imparting agent was dissolved
withhexafluocroisopropanol, gqualitativeanalysiswasperformed
by NMR.

(iv) After the function-imparting agent was dissolved
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(extracted) with hexafluoroisopropanol, qualitative analysis was
performed by NMR. [0048] (2) For evaluation of dyeability, the apparent
color density K/S was determined by the Kubelka-Munk equation shown
belowfromthe reflectance (R) at a maximum absorption wavelength of the
dyed polymer formed article, using Macbeth COLOR-EYE Model
CE-3100. Then, the value of K/S in the case when the same polymer
formed article was dyed in a usual aqueous system was measured, and

{ e xdyieabilityi wasi evaluatedriy: theoratiod percentage afihe tvaluer of KIS of s s
the above-mentioned polymer formed article to that value. When this ratio

wads 8594 ormode dheNdifned article can be judged to be dyeable
approximately equivalently to the case when dyed in the usual aqueous
systdrOKAS=(1-R)2/2R [0049] (3) Flame Proofness (Flame Retardant
Properties) The LOI (limiting oxygen index) was measured based on JIS

K 7202) WhHeh LOIE 27atheFormad SitRfPéanbe juddesl t8PRAVEERigh 0 Lot

fl ies, ifi
o 2me retprdant propertes 10050), Bxample L Adrayn puiilamentya

belowfromthe reflectance (R) at amaximumabscrptionwavelength
of the dyed polymer formed article, using Macbeth COLOR-EYE
Model CE-3100.

Then, the value of K/S in the case when the same polymer
formed article was dyed in a usual agueous system was measured,
and dyeabillity was evaluated by the ratic {(percentage} of the
value of K/3 of the above-mentioned polymer formed article to
that value.

When this ratio 1s B85% or more, the formed article can
be judged to be dyeable approximately equivalently to the case
when dyed in the usual agueous system.

K/S=(1-R}*/2R

[0049]

(3) Flame Proofness (Flame Retardant Properties)

The LOI (limiting oxygen index) was measured based on
JIS K 7201. When LOI=27, the formed article can be judged to
have high flame retardant properties.

[0050]

Example 1

A drawn multifilament yarn of 83 dtex/24 filaments
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obtained by melt spinning polyethylene terephthalate containing 0.05% by
weight of titanium oxide and having an intrinsic viscosity (measured in
o-chlorophenol at 35C) of 0.65 dl/g was scoured with 1 g/l Scorerol #400
(manufactured by Kao Corporation) at 70C for 20 minutes. After washing
with water and drying, a mixed fluid was sprayed from the nozzle L3p of
the tip portion of the mixing pipe L3 while allowing the yarn to run in the
space portion hl in the direction D to E of the thin-tube T type reactor of

obthe apparatg shewndn FHeg.ihat 200 miningte hkadis:to Seyragaswas:te
sent out of the carbon dioxide gas cylinder 11 to the mixing pipe L3

cothreughthe pipedd Byythespuhp Pif Onitherother handianaguebasing an
dispersion of a water repellency function-imparting agent,

indmethylsiloxane having(amociecutar weight oh10,000kavidg at 35°C) of
concentration of 10% in the reaction solution container 12 was sent out

0. firodighIthErsiped 21y the bimp P2/ and @llewed Yo bW tofefier it ured
the carbon dioxide fluid at the branch point A. After well mixed in the

by HxinG el asatheomixad filid Was FurtRek Faixéd Sn th hrisingresil 14 angl th

heated with the heater 15. Thig rg'%ed luid was sgr?%? from th%ﬁ]ozzle N
"3E5p of e Thikingpipe L3 Raving ahozzlEsizE 70t 18T to g -"'e "ozzie

o e E R TR
th§4yarn Lo run in the space portion hl in the direction D to
E of the thin-tube T type reactor of the apparatus shown in
Fig. 1 at 200 m/minute.

That is to say, a gas was sent out of the carbon dioxide
gas cylinder 11 to the mixing pipe L3 through the pipe L1 by
the pump P1. On the other hand, an agueous dispersion of a
water repellency function-imparting agent, dimethvlsiloxane
having a molecular weight of 10,000, having a concentration
of 10% in the reaction solution container 12 was sent out through
the pipe L2 by the pump P2, and allowed to flow together with
the carbon dioxide fluid at the branch point A. After well
mixed in the mixing coil 13, the mixed fluid was further mixed
in the mixing coil 14 and heated with the heater 15.

This mixed fluid was sprayed from the nozzle L3p of the

mixingpipel3havinganozzliesizeof 10umtothe above-mentioned

running vyarn.
In the apparatus 10 of Fig. 1, for the reactor R1, the

space portion hl in the direction D to E has a diameter of 2
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mm and a length of 60 mm, and the space portion h2 between B and C
has a diameter of 2 mm and a length of 15 mm. Then, the resulting yarn
was thoroughly washed with water and dried. It was confirmed by XMA
that dimethylsiloxane was adhered to the resulting yarn. Further, this yarn
had water repellency. [0051] Example 2 Treatment and evaluation were
performed in the same manner as in Example 1 with the exception that
the function-imparting agent was replaced by polyethylene glycol having
mm & molecular yeightrofs10,0Q0. Hwas-eenfimeddhyNMR thatipolyethylene &
glycol was adhered to the resulting yarn. Further, this yarn had water
anabsorptonzpraperntiese [0052] Exampled Treatmentand evdluation were
performed in the same manner as in Example 1 with the exception that
the fdiction-imparting ldgent was repiacdad by hegabromocycisdodétaneter
It was confirmed by XMA that hexabromocyclododecane was adhered to
anghél¥éstitting yarn. Further, this.yarn had a LOI of 27 or more. [0053]

Example 4 35 , , .
It was confirmed by XMA that dimethylsiloxane was adhered

tothe resultingvyarn., Further, thisvyarnhadwater repellency.

[0051]

Example Z

Treatment and evaluationwereperformed in the samemanner
as in Example 1 with the exception that the function-imparting
agent was replaced by pcelvethylene glycoeol having a molecular
weight of 10,000.

It was ccenfirmed by NMR that polyethylene glycol was
adhered to the resulting varn. Further, this yvarn had water
absorption properties.

[0052]

Example 3

Treatment andevaluationwereperformed in the samemanner
as in Example 1 with the exception that the function-imparting
agent was replaced by hexabromocyclododecane.

It was confirmed by XMA that hexabromecyclododecane was
adhered to the resulting yarn. Further, this yarn had a LOI
of 27 or more.

[0053]

Example {4
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Treatment and evaluation were performed in the same manner as in
Example 1. with the exception that the function-imparting agent was
replaced by an ultraviolet absorber (benzotriazole derivative. It was
confirmed by XMA that the benzotriazole derivative was adhered to the
resulting yarn. Further, this yarn had absorption performance in an
ultraviolet region. [0054] Example 5 Treatment and evaluation were
performed in the same manner as in Example 1 with the exception that
6% byrweight ot a disperse udye, SMiP-tmanufactteed by CibasSpecialtyner
Chemicals Inc.: C.I. Disperse Blue 60), was added to the reaction

as solufisainl addition totthe farctigrcimpartingtagent, topedform treatment. ng
concurrently with dyeing. It was confirmed by XMA that dimethylsiloxane

agayds adherad 16 Usirésuliing yar: Further thidyaratiad watsrzotriazole
repellency, and the K/S value of 95% of the case when the same yarn

deXja&? ©y88 in a usual aqueous system was obtained. [0055] Example 6
Treatment and evaluation were %erformed in the same manner as in

Examplé‘2 with'the BRE&ptian that 6% by Weitfit' 6r4 tisparse” dye, Sitip 7
w8 Y 15 ORI el I o PPEE P 8o
absorption performance in an ultraviolet region.

(0654}

Example b5

Treatment andevaluationwereperformedin the samemanner
as inExample 1 with the exception that 6% by weight of a disperse
dye, SM1P {manufactured by Ciba Specialty Chemicals Inc.: C.I.
Disperse Blue 60}, was added tc the reaction sclution, in
addition to the function-imparting agent, to perform treatment
concurrently with dyeing.

It was confirmed by XMA that dimethylsiloxane was adhered
to the resultingyarn. Further, this yarnhadwater repellency,
and the K/S value of 95% of the case when the same yarn was
dyed in a usual agueous system was obtained.

[0055]

Example 6

Treatment andevaluationwere performed in the same manner
as in Example 2 with the excepticn that 6% by weight of a disperse
dye, SM1P (manufactured by Ciba Specialty Chemicals Inc.: C.I.

Disperse Blue 60), was added to the reaction solution, in
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addition to the function-imparting agent, to perform treatment concurrently
with dyeing. It was confirmed by NMR that polyethylene glycol was
adhered to the resulting yarn. Further, this yarn had water absorption
properties, and the K/S value of 98% of the case when the same yarn
was dyed in a usual aqueous systemwas obtained. [0056] Example 7
Treatment and evaluation were performed in the same manner as in
Example 3 with the exception that 6% by weight of a disperse dye, SM1P
addmanufactureddy Ciba Spectatty Ghemigals e, Cilo DispersenBlue 60)ent
was added to the reaction solution, in addition to thefunction- imparting
coragent;da perfornhttreatent cconcurrently with dyeing. It was confirmed by
XMA that hexabromocyclododecane was adhered to the resulting yarn.
Furthet, thissyararhadra e Ol kof 2716t moret ap@ e KIS/ Valne of 9196 of was
the case when the same yarn was dyed in a usual agueous system was
adlgptfifed © (0057 ERAMPIE S Trédtment Bt Riuatidhivie E pErfoRfed fi o F
the same manner as in Example 4 with the exception that 6% by weight

aﬂ%?a%éﬁé*is@a’ﬁeeém?éf(w%%f&é?&réa /by Eiba Epédialy’ Chefh |8£|§ case

Dlsgerse Blue 6 Was added to the reaction %olutloap notamed
%&Pon e Fanctions % r‘tmg ager?t toqpen%rm%%a er“ é./o

[0056]

Example 7

Treatment andevaluationwereperformedin the samemanner
as in Example 3with the exception that 6% by weight of a disperse
dye, SM1P {manufactured by Ciba Specialty Chemicals Inc.: C.I.
Disperse Blue 60), was added to the reaction solution, in
addition to the function~imparting agsent, to performtreatment
concurrently with dyeing.

It was confirmed by XMA that hexabromocyclododecane was
adhered to the resulting varn. Further, this varn had a LOT
of 27 or more, and the K/S valus of 91% of the case when the
same yarn was dyed in a usual agueous system was obtained.

[CG57]

Example 8

Treatment andevaluationwereperformed inthe samemanner
as inExample 4 with the exception that 6% by weight of a disperse
dye, SM1P (manufactured by Ciba Specialty Chemicals Inc.: C.T.
Disperse Blue 60), was added to the reaction solution, in

addition to the function~imparting agent, to perform treatment
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concurrently with dyeing. It was confirmed by XMA that the benzotriazole
derivative was adhered to the resulting yarn. Further, this yarn had
absorption performance in an ultraviolet region, and the K/S value of 89%
of the case when the same yarn was dyed in a usual aqueous system
was obtained. [0058] Comparative Example 1 Treatment and evaluation
were performed in the same manner as in Example 1 with the exception
that no function-imparting agent was used. No dimethylsiloxane was

coradheredchtol thewesulting/any at all, and this yarn exhibited no water
repellency. [0059] Comparative Example 2 Treatment and evaluation
werelgerfermetin thesdmyg MahneraastinEkamptett withathe exceptiohive
that a minicolor dyeing machine manufactured by Texam Giken Co., Ltd.

wa yasisertifl placeidfthé cappdratid of Fig. -1 td PeTForaT usiidl immetsion had
exhaustion treatment (130Cx60 min) without injecting carbon dioxide gas.

2b SiivetyISiXah e WaS SC4rctly Adhered’td fhe %eeswfﬁg?wn AR witér /S
repellen was not exhibited for the ost art. [0060 Co rative

Va’é%(%rﬁﬁl 3 Tréhtmehit ande éiﬁa?u& ”beer%’ thied fh th §ame niaiidi®

aqggcus system was obtained.

[0058]

Comparative Example 1

Treatment andevaluationwereperformed in the samemanner
as in Example 1 with the exception that no function-imparting
agent was used.

No dimethyisiloxane was adhered to the resulting yarn
at all, and this varn exhibited no water repellency.

[0059]

Comparative Example 2

Treatment andevaluationwere performedinthe same manner
asinixample lwiththeexceptionthat aminicolordyeingmachine
manufactured by Texam Giken Co., Ltd. was used in place of the
apparatus of Fig. 1 to perform usual immersion exhaustion
treatment {(130°Cx60 min) without injecting carbon dioxide gas.

Dimethylsiloxane was scarcely adhered to the resulting
varn, and water repellency was not exhibited for the most part.

[0060]

Comparative Example 3

Treatment and evaluatioconwere performed in the samemanner
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as in Example 1 with the exception that an autoclave was used in place of
the apparatus of Fig. 1 to perform treatment at 145Cx60 min without
circulating supercritical carbon dioxide. Dimethylsiloxane was locally
adhered to the resulting yarn, and some parts exhibited a hard hand or no
water repellency. [00611 Example 9 An experiment was conducted in the
same manner as in Example 1 with the exception that the apparatus 20 of
Fig. 2 was used in place of the apparatus of Fig. 1 in Example 1. The

as temperatupe cofltheidatend 6owas 8et tor200C.tAs a restitcit was was used
confirmed by XMA that dimethylsiloxane was adhered to the resulting

in yamc Fathidre thizoyara thae waterd repeliapey fnthd apparatus: 20 ofiRiY: < 60

2, for the flat disc type reactor R2, the space portion hl in the direction D

mifo El iR End ot diéction) T8 fiif andiasa 08Pt Pt and -a
length of 600 mm, and the space portion (right and left) h2 between B. .
and C 1A SIARTERET F £ i S fonbth GF IS AifA. 0065 Examplel 179
10 An experiment was_conducted, in the same manner as in. Exam 1

varn %¥¥gmﬂ gﬁfﬁ%f%lteda£§5%%ﬁawgrnow%terr g@%l

with the excé%géar? t e apparatus .3 was used 1n |§1 ce of the’ -

apparr?g@% 9§ Fig. 1 in Example 1. As a result, it was confirmed by XMA
that dimethylsiloxane 39

Examnple 9

Anexperiment was conductedinthe samemanner as in Example
1 with the exception that the apparatus 20 of Fig. 2 was used
inplaceof theapparatusof Fig. 1 inExample 1. The temperature
of.the heater 16 was set tc 200°C.

As a result, it was confirmedby XMA that dimethylsiloxane
wag adhered to the resulting varn. Further, thisyarnhadwater
repellency.

In the apparatus 20 of Fig. 2, for the flat disc type
reactor RZ, the space porticn hl in the direction D to E
{up-and-down direction) is 2 mm and has a depth of 2 mm and
a length of 600 mm, and the space portion (right and left) h2
between B and C has a diameter of 2 mm and a length of 15 mm.

[(0062]

Example 10

Anexperiment wasconductedinthe samemanner as inExample
1 with the exception that the apparatus 30 of Fig..3 was used
in place of the apparatus of Fig. 1 in Example 1.

As aresult, it was confirmedby XMA that dimethylsiloxane
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was adhered to the resulting yarn. Further, this yarn had water

repellency. In the apparatus 30 of Fig. 3, for the reactor R3, the portion D
and the portion E have a diameter of 2 mm, the center portion in the
direction D to E has a diameter of 8 mm, the length from D to E is 60 mm,
and the space portion h2 between B and C has a diameter of 2 mm and a
length of 15 mm. [0063; Example 11 An experiment was conducted in the
same manner as in Example 1 with the exception that the

wa fundtien-irdpastingcagent\was rreplaced byFpattadium adetemate (alcatalyst e v
for plating) . The yarn was externally changed in color from white to black,
reandligwas.confirmed that the catalyst was imparted to a surface thereof.
In plating to the resulting yarn, activation was performed at 303 Kin a 0.72
N-H i raduepusseitiohdsr 5hmintitds: Furtherf pratiftfréamidmt was’ » the
performed using 100 mL/L of "OPC500A" manufactured by Okuno

PoEhetical HiLSHESS. LT dnd 160 nEA S EPCEE08 Manfdctirdt =
el e e s AT 100,800 Mcuoer
B and C has a diameter of 2 mm and a length of 15 mm.

(00631

Example 11

Anexperiment was conductedinthe samemanner as inExample
1 with the exception that the function-imparting agent was
replaced by palladium acetonate {a catalyst for plating). The
yvarn was externally changed in color from white to black, and
it was confirmed that the catalyst was imparted to a surface
thereof.

Inplatingte theresultingyarn, activationwas performed
at 303K ina0.72 N-HCl agquecus solution for bminutes. Further,
plating treatment was performed using 100 mL/L of “OPC500A”
manufactured by Okuno Chemical Industries Co., Ltd. and 100
ml/L of “OPC500B” manufactured by Okuno Chemical Industries
Co., Ltd. as first electroless copper plating reagents under
plating conditions of 303 K for 30 minutes. Externally, a
lustrous plating film (the thickness of a plating layer: 10
um} having no blistering was formed con the yarn.

(0064
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Example 12 An experiment was conducted in the same manner as in
Example 11 with the exception that the apparatus 20 of Fig. 2 was used
in place of the apparatus of Fig. 1 in Example 1. The temperature of the
heater 16 was set to 200C. As a result, the yarn was externally changed in
color from white to black, and it was confirmed that the catalyst was
imparted to a surface thereof. Plating treatment to the resulting yarn was
performed in the same manner as in Example 11. As a result, a lustrous
platifigk filnp {the YRickness of a plating layer: 10 m) having no blistering
was externally formed on the yarn. In the apparatus 20 of Fig. 2, for the
flat dSE e TeREDF R25the'space poition htinAE difectioh 15 forExamnple
up-and-down direction) is 2 mm and has a depth of 2 mm and a length of

11 %@%M%ﬁ%ﬁ@%ﬁé@@ poridn iGhERRE Fe‘?t?%ﬁ pEnRceh B and tfar%aélﬁed
Codi t f 2 dal th of 15 . JO065] E le 13 A
i R LR ho Al o MR e e e pacure

N the dame manneras im Exam
the ex eeptkon th?%thcha appar tusOSOZBfOE@: 3 was used in place of the

of a%p%ra Gs o‘?ﬁig. in Examp efl. Asa result, the yarn was externally

changed in £oloy \fromwhite o blagk and it was confimped thatdhe n, colox
catalyst was imparted to a surface thereof. 41
from white to black, and it was confirmed that the catalyst
was ilmparted to a surface therecof.

Plating treatment to the resulting yvarn was performed
in the same manner as in Example 11. As a result, a lustrous
plating film (the thickness of a plating layer: 10 pm) having
no blistering was externally formed on the vyarn.

In the apparatus 20 of Fig. 2, for the flat disc type
reactor RZ, the space portion hl in the directien D to E
(up~and~down directicn) is 2 mm and has a depth of 2 mm and
a length of 600 mm, and the space porticn {(right and left) hZ
between B and C has a diameter of 2 mm and a length of 15 mm.

10065]

Example 13

Anexperiment was conductedinthe samemanner as inExample
11 with the exception that the apparatus 30 of Fig. 3 was used
in place of the apparatus of Fig. 1 in Example 1.

As a result, the yarn was externally changed in color
froem white to black, and it was confirmed that the catalyst

was imparted to a surface thereof.
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Plating treatment to the resulting yarn was performed in the same manner
as in Example 11. As a result, a lustrous plating film (the thickness of a
plating layer: 10 m) having no blistering was externally formed on the
yarn. In the apparatus 30 of Fig. 3, for the reactor R3, the portion D and
the portion E have a diameter of 2 mm, the center portion in the direction
D to E has a diameter of 8 mm, the length from D to E is 60 mm, and the
space portion h2 between B and C has a diameter of 2 mm and a length
of 15prant. i[td ustried Applicability} {0 66]sACCoiding e the wiethod forcrmed
imparting a function to a polymer formed article of the present invention

in dntctheapparats thereofpfunetoRimphaiting fréatmen® patticufarh s trous
excellent in durability becomes possible without using an apparatus such

p1 ssig abicelave. cddrdinliye five piethddarid-apparay§s of tHe HtesBaty 1ng
invention are useful for uses such as the field of electric and electronic

no | 3essthetidld of #anSorE sty Yard HESeId Bf fextile¥ad Bescribed
above. 42 [Designation of D un][;rerll Claims Igln%1ﬁleArrrelcf,:\;[(l:w,ggrfo%3  the

impartihg a fuiEtion 1 a polymer forméd  article, Which comprises

oo FUMDS SISl I o ol et i BB

portiocn in the direction D to E has a diameter of 8 mm, the

length from D to E is 60 mm, and the space portion hZ between

B and C has & diameter of 2 mm and a length of 15 mm.
Industrial Applicability]

[0066]

According to the method for imparting a function to a
polymer formedarticlecf thepresent inventionandtheapparatus
thereof, function-imparting treatment particularly excellent
in durability becomes possible without using an apparatus such
as an autoclave. Accordingly, the method and apparatus of the
present lnvention are useful for uses such as the field of

electric and electronic uses, the field of transport supply

and the field of textile as described above.
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[Claim 2] The method for imparting a function to a polymer formed article
according to claim 1, wherein the function-imparting agent is previously
mixed with the supercritical fluid, and the mixing is performed in a mixing
coil. [Claim 3] The method for imparting a function to a polymer formed
article according to claim 2, wherein a reactor having an approximately
reverse T-shaped space taken in a cross section is used, the polymer
formed article is allowed to run through one space portion passing
[Degrotighisin ohe R approxinfatély@verse T-shape of this reactor to
the other, and the mixed fluid is sprayed toward the polymer formed
article frohi the ‘other space portion existing between from an upper end

portign _of .an approximately center portion tq a lower end portion. [Claim
o THS Hehe o hpAtE & i 16 A boFuer el carts ToPhed

ar EEEAEINGA0 P F WhETEndhe [xed WIS Bner Mixed JA 8R4 ¢o cne

additional mixing coil provided in the vicinity of an upper side of the

noleagiorsand beatingiis perfermed by, & heater provided, in; thevicinity, of o o ¢
said additional mixing coil. [Claim 5]yThe method for imparting a function

t o @ adalynerformedr-agiglesaecordiag to claim 3, wherein the reactor is
heated

{Claim 2}

The method for imparting a function to a polymer formed
article according to claim 1, wherein the function-imparting
agent 1s previously mixed with the supercritical fluid, and
the mixing is performed in a mixing coil.

[Claim 3]

The method for imparting a function to a polymer formed
article according to claim 2, wherein a reactor having an
approximately reverse T-shaped space taken in a cross section
is used, the polymer formed article is allowed to run through
one space portion passing through fromone of the approximately
reverse T-shape of this reactor to the cther, and the mixed
fluid is sprayed toward the polymer formed article from the
other space portion existing between from an upper end portion
cf an approximately center pertion to a lower end portiocon.

{Claim 4]

The method for imparting a function to a polymer formed
article according to claim 3, wherein the mixed fluid is further

mixed in an additional mixing coil provided in the vicinity
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with a heater provided in the vicinity of a bottom of the reactor. [Claim 6]
The method for imparting a function to a polymer formed article according
to claim 3, wherein the reactor is heated with an infrared ray lamp
provided in the vicinity of a bottom of the reactor. [Claim 7] The method
for imparting a function to a polymer formed article according to claim 1 or
2, wherein using a single nozzle type jet nozzle, the supercritical fluid and
the function-imparting agent are previously mixed with each other and
of suppligd to-asupplyportiof saickiet pezzlenand this mixed <flyid is sprayaedn v
from a tip of said nozzle to the polymer formed article. [Claim 8] The
a methed farrimpadting arfunctiontoca polymes formed: articletaccardingnto:ing
claim 7, wherein the mixed fluid of the supercritical fluid and the function-
colmparting agent is heated in the vicinity of the supply port on the
upstream side of the 44 single nozzle type jet nozzle. [Claim 9] The
method ferimnparting a function to a polymer formed article according to
claim 7 or 8, wherein the polymer formed article is laser heated, and

succdLevaly e b AiaS ‘sprdyd oMt ihe’Singfe Hio2olepe jéTmed

nozzle to said heated .
artgcie according to claim 3, wherein tThe reactor i1is heated

with a heater provided inthe vicinity of abottomof the reactor.

{Claim ©]

The method for imparting a function to a polymer formed
article according to claim 3, wherein the reactor is heated
with an infrared ray lamp provided in the vicinity of a bottom
of the reactor.

[Claim 7]

The method for imparting a function to a polymer formed
article according to claim 1 or 2, wherein using a single neozzle
type Jet nozzle, the supercritical fluid and the
function~imparting agent are previcusly mixed with each other
and supplied toeasupplgrport,of said jJet nozzle, and this mixed
fluid is sprayed froma tip of saidnozzle to the polymer formed

article,.

[Claim 8]

The method for imparting a function to a polymer formed
article according to claim 7, wherein the mixed fluid of the
supercritical fluid and the function-imparting agent is heated

in the vicinity of the supply port on the upstream side of the
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site. [Claim 10] The method for imparting a function to a polymer formed
article according to claim 1, wherein using a double nozzle type jet
nozzle, the supercritical fluid and the function-imparting agent are each
supplied to separate supply ports of said jet nozzle without previously
mixing both and mixed at a tip of said nozzle, and this mixed fluid is
sprayed to the polymer formed article. [Claim 11] The method for
imparting a function to a polymer formed article according to claim 10,

s ivdlereindhe stipereriticakfiuiel cand the function-imparting agent are each
separately heated in the vicinity of the supply port on the upstream side of
the deuble pozzle type jet nozzle. [Claim 12] The method for imparting a
function to a polymer formed article according to claim 10 or 11, wherein

the polymerformed: article s laser heated, angisuccessively, thednixedrned
fluid is 45 sprayed from the double nozzle type jet nozzle to said heated
arsitel[€laim d 3} Ancapparatus for imparting.afeinction to.a palymee forfaeded
article, in which a fluid storage container for storing a fluid which can be
ar convertéd tbassupéretitica statel asfluid paianjpre Ly, the mixed fluid is
sprayed from the single nozzle type jet nozzle to saild heated

site.

[Claim 10)]

The method for imparting a function to a polymer formed
article according to claim 1, wherein using a double nozzle
type Jet nozzle, the supercritical fluid and the
function-imparting agent are each supplied to separate supply
ports of said jet nozzle without previously mixing both and
mixed at a tip of said nozzle, and this mixed fluid is sprayed
to the polymer formed article.

{Claim 11]

The method for imparting a function to a polymer formed
article according to claim 10, wherein the supercritical fiuid
and the function-imparting agent are each separately heated
in the vicinity of the supply port on the upstream side of the
double nozzle type Jet nozzle.

[Claim 12}

The method for imparting & function to a polymer formed
article according to claim 10 or 11, wherein the polymer formed

article is laser heated, and successively, the mixed fluid is
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for compressing and transporting said fluid, a function-imparting agent
pump for transporting a function-imparting agent and a function-imparting
agent storage container are sequentially connected through connecting
pipes, a mixing pipe is branched from the connecting pipe between the
fluid pump and the function-imparting agent pump, a reactor having an
approximately reverse T-shaped space taken in a cross section facing to
a tip direction of the mixing pipe is disposed, the approximately reverse
sp Maskapdd spaté scomprisingome. dpade pertipntforatlowing a polymeneated
formed article to run therethrough which passes through from one of the
sitapproximately reverse T-shape of this reactor to the other and the other
space portion for spraying the function-imparting agent existing between
from éﬁgltﬁ)ﬁér &Ad portion of an approximately center portion to a lower
end portion, further, a nozzle mounted on a tip portion of said mixing pipe

na
is coffietfed™ id the ubpér eRerpdrtiod 6 the bther8phRepBitior 6t 'said ™

reactor, and furthermare, a mixing coil is connected ta a path of said .
B S A S fluia

wh I%S’ met.frmed, artigle agcording to claim 13, wherein anather @M%C?i%mp

urther connected to between the mixing pipe between the mixing col
£oANd the reactor. and a heatar is provided tagether in the dcinity-gf said 4

other mixing coil.
function-imparting agent pump for transporting a
function-imparting agent and a function~imparting agent
storage container are sequentially connected through
connecting pipes, a mixing pipe is branched from the connecting
pipe between the fluld pump and the function-imparting agent
pump, a reactor having an approximately reverse T-shaped space
taken in a cross section facing to a tip directicn of the mixing
pipée is disposed, the approximately reverse T-shaped space
comprising one space peorticn for allowing a polymer formed
article to run therethrough which passes through from one of
the approximately reverse T-shape of this reactor to the other
and the other space portion for spraying the function-imparting
agent existing bketween from an upper end portion of an
approximately center pertion to a lower end portion, further,
anozziemountedonatipportionof saidmixingpipe is connected
to the upper end portion of the other space poertion of said
reactor, and furthermore, a mixing coill is connected to a path

of gald mixing pipe.
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[Claim 15] The apparatus for imparting a function to a polymer formed
article according to claim 13, wherein a heater is provided together in the
vicinity of a bottom portion of the reactor. [Claim 16] The apparatus for
imparting a function to a polymer formed article according to claim 13,
wherein an infrared ray lamp is provided together in the vicinity of a
bottom of the reactor. 47

[Claim 14)

The apparatus for impartinga function to a polymer formed
article according To claim 13, wherein another mixing coil is
further connected to between the mixing pipe between themixing
coil and the reactor, and a heater is provided together in the
vicinity of saild other mixing coil.

[Claim 15}

The apparatus for imparting a function to a polymer formed
article according to claim 13, wherein a heater 1s provided
together in the vicinity of a bottom portion of the reactor.

[Claim 16]

The apparatus for imparting a function toapolymer formed

article according to claim 13, wherein an infrared ray lamp

is provided together in the vicinity of a bottom of the reactor.
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