- 1 METHOD OF REFORM NG ELEMENT SURFACE, ELEMENT WTH REFORMED SURFACE,
METHOD OF MANUFACTURI NG ELEMENT W TH REFORMED SURFACE, SURFACE TREATMENT

LI QUI D FOR FORM NG REFORMED SURFACE, AND METHOD OF 5 MANUFACTURI NG SURFACE
TREATMENT LI QUID Background of the invention Field of the invention The
present invention relates to a nethod of 10 reform ng surface of an el enent
for changing characteristics, properties, .or the likes to provide desired
characteristics and properties, which is §p61ied to the surface of an

el ement (the inner face, outer face, or both of the elenment) or the surface
of 15 an el enent whose surface has been subjected to sone treatnment and the
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Background of the invention
Field of the invention
The present invention relates to a method of
10 reforming surface of an element for changing
characteristics, properties, or the likes to provide
desired characteristics and properties, which is
applied to the surface of an element (the inner face,
outer face, or both of the element) or the surface of
15 an element whose surface has been subjected to some
treatment and the present invention also relates to any
element subjected to the surface reforming treatment.
The present invention especially relates to a
surface reforming method which can be carried out to
20 reliably reform the surface of an element such as a
fiber, a particle, or a container made of an olefinic
resin difficult to be surface-treated but harmless to
environments and relates to a method of manufacturing
an element and a fiber having reformed surface.
25 Related Background Art
Conventionally, though the characteristics and the

properties of an element are dominated with the



characteristic is provided by reformng the surface characteristic. The
desired characteristic sonetines neans a reactive group having a reactive
property such 5 as water-repelling property and hydrophilicity or a

reactive group reactive to an adduct or the like. In general, such a
conventional surface reforming is carried2out by making the surface radica
using ozone or WV or ozone in conbination with UV and formng 10 chem cal
bond of a main conponent of a treatnment agent wth the surface. On the

ot her hand, a desired characteristic is obtained for a _nmonent by sticking a
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el enent surface w thout, mpgking the 15 surface radi.cal .and in this case, the
continuity isCharFaieFisida gy PEQYSdes By & &WHFﬁbtﬁﬁés Bphilicity
for an olefinic resin harness _to nV.i_r nts, it .is.only known that
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bonded to the - surface of an elenment only by the c reaction, the
element has to be tmpRYRfhdd P&UGRH idkhventional surface reforming

is carried out by making the surface radical using
ozone or UV or ozone in combination with UV and forming

10 chemical bond of a main component of a treatment agent
with the surface. On the other hand, a desired
characteristic is obtained for a moment by sticking a
treatment agent having the very desired characteristic
itself to the element surface without making the

15 surface radical and in this case, the continuity is
usually lacking. Especially, regarding the
hydrophilicity for an olefinic resin harmless to
environments, it is only known that incomplete
hydrophilic condition, which is insufficient in the

20 continuity for a long duration, can temporarily be
provided by mixing a surfactant with a treatment agent
for producing hydrophilicity in the presence of a
liquid.

On the other hand, an adhesive or a primer is

25 conventionally used to form an additive layer on an

element. Regarding them, in order to use a primer such

as a silane coupling agent which is bonded to the



As anot her type priner, those which are of simlar materials to that of an
el enent are available to 5 utilize the affinity to the elenment. As such a
prinmer, an acid-deformed pol ypropyl ene chloride is known which is used at
the tinme when an upper coating |layer of a polyurethane resin is fornmed on
pol ypropyl ene. However, in the case where & prinmer of a simlar 10 materi al
to that of the surface of an elenent, the elenent is consequently increased
in the volunme and additionally requires a technique to forma thin and

uni formcoating. A so, the priner can_not be supplied evenly to a fine
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aci d-def ormed . . pol ypropyl ene chl oride can not be used .i,n an aqueous
sol ution stat&hﬁbeﬁﬁmpg%iﬁﬁﬁlﬁ& § FTREES hdenEPATt V&sing it is |imted.

As a result, no nmaterial _has heen avail abl soluble in water to
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surface reform l.ayer ,reqardl of the shape of th l.e t even anong
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standards. The surface reformng only based on the chem cal

is used at the time when an upper coating layer of a
polyurethane resin is formed on polypropylene.
However, in the case where a primer of a similar

10 material to that of the surface of an element, the
element is consequently increased in the volume and
additionally requires a technique to form a thin and
uniform coating. Also, the primer can not be supplied
evenly to a fine element or to the inner parts of a

15 porous body. Especially, the acid-deformed
polypropylene chloride can not be used in an aqueous
solution state as it is insoluble in water, the way of
using it is limited.

As a result, no material has been available which

20 is soluble in water to be an agqueous solution and can
be applicable to form a thin and uniform surface
reforming layer regardless of the shape of the element
even among materials different from that of the surface
of an element.

25 To describe the present invention in relation to

the background of the related arts in the relevant

field, the present invention is innovative and achieved



bondi ng by radicalizing the surface in a conventional 5 manner is valid to
treat an extrenely narrow plane but often invalid to carry out sufficient
and even surface reform ng of the whole spherical surface, the inner or
outer surface of a tube. Further, it is especially difficult to carry out
the surface reformng treatnment 10 for thedinside of an el enent conprising a
conplicated porous part such as a sponge and fi brous conposite body and
void parts anong fibers. In addition to that, in the case where a

surfactant or the like is added to a liquid, the 15 surface reformng of an
el ement i s nobeidagulisgdc &y ney fdomdiags dieanchdracramisding ithe ost at the
time when the surfactant is elimnated and the original characteristic of
the surface i £oBVeNtdongdt AeCchndGed] Ftansgesdss. 20 Moreover, though an
olefinic resin has excellent in water-repelling property neaning that the
contact angle to iRCeSYWLase F&fOFiRg pdiePamsd o0 (e icheliqal al nost

all fields ang¥?pplicable to a_.consi derabl w de range of use purposes, the
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characteristic durabl.e for qﬁduration. Theeﬁresent i nvent or ave
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focused reforming of the whole spherical surface, the inner or

outer surface of a tube. Further, it is especially

difficult to carry out the surface reforming treatment

10 for the inside of an element comprising a complicated
porous part such as a sponge and fibrous composite body
and void parts among fibers.

In addition to that, in the case where a
surfactant or the like is added to a liquid, the

15 surface reforming of an element is not actually carried
out and the characteristic is lost at the time when the
surfactant is eliminated and the original
characteristic of the surface itself is instantaneously
appears.

20 Moreover, though an olefinic resin has excellent
in water-repelling property meaning that the contact
angle to water is 80 degree or higher and is utilized
in almost all fields and applicable to a considerably
wide range of use purposes, the surface reforming

25 method is scarcely available as to provide a desired
characteristic durable for a long duration.

The present inventors have examined as to provide



5 upon the use of a liquid phase treatnent solution presupposing that the
surface treatnent is possible even to an elenent with a conplicated shape.
As new findings of inventors of the present invention, the inventors have
found that the bal ance 10 between functional groups (e.g. hydrophilic
groups) and the surface of an elenent to he-treated is well controlled to
be a desired state by utilizing the surface energy in a relation between
the surface to be treated and a pol yner having the functional groups 15
(e.g. hydrophilic groups) and that the durability of the reformed surface
and t he st abi ki mptdbdt Herqualfioryingasunfieidee o fhe@nyeiedietmemdd byy anal yzi ng t he
polymer itself. 20 SUMMARY OF THE | NVENTI ON The follow ng is the

descri pti on ofrathenaldyheerayiical ool ssirface efosmiad byt Hegstesarft
invention. The present invention is neither to process an elenent in the
above descri be@d edefdnier resing@ndalsxpligatiad famedhed Forc of an el enent
with ozone or W rays nor to forma prinmer coating of such as a silane
coupl i ng agenfraipfdpisgmithiengefes chagact@atiistd uf@de fiRsy$asut  ai s

mainly tgo provide an innovative surface reform ng nethod capabl e of
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obtai ned by even to an element with a complicated shape.
As new findings of inventors of the present

invention, the inventors have found that the balance

10 between functional groups (e.g. hydrophilic groups) and
the surface of an element to be treated is well
controlled to be a desired state by utilizing the
surface energy in a relation between the surface to be
treated and a polymer having the functional groups

15 (e.g. hydrophilic groups) and that the durability of
the reformed surface and the stability of the quality
can further be heightened by analyzing the polymer

itself.

20 SUMMARY OF THE INVENTION
The following is the description of the
technological objects to be solved by the present
invention. The present invention is neither to process
an element in the above described manner of
25 radicalizing the characteristic of an element with
ozone or UV rays nor to form a primer coating of such

as a silane coupling agent, which sometimes causes



the surface treatnent. A first purpose of the present invention is to
provide a |iquid-phase treatnent solution capable of 10 carrying out a
desired surface treatnent to a whole inner surface of an el enent having a
conplicated shape, such as a porous body and a finely processed el enent,
and a surface reformng nmethod using the-téeatnent solution. 15 A second
purpose of the present inventionis to provide a new surface reformng
nmet hod capable of maintaining the refornmed characteristic for a |ong
duration as conpared with a conventional nethod for an olefinic resin,
whi ch has beefcaigmss amavemmessi it @immainlye o rastidorasur f ace
reformng, and to provide a surface structure itself. A third purpose of
the present i AvEAViaddvies W faseoReferRingymalied Canshlsridy SRR apabl e
of formng athin layer of a thickness in a nolecular 25 | evel, preferably
a nononol ecul &4Y & &esized; suntFan Fefarmidd hassd Pmhid MRt changing a
structure of an _elenment oy w,th scarcely .increasing the ight of the - 7
ol ement and t FSTEUIGE 283 AoE SRR (R AR 110 A9 HT THh f% of the
present inventiqQn is to rQvi de t rreat nent t.ho it mhicqha esired
eform ng can sy 10 BN dh BRI SRNES Y nl aiHem | nto a
surface refor g AL idSGhle «ftdddd LAIRASR ofcddi RFSENted pnti on
is to provide a nethod for easily manutfacturing a surface-
the surface treatment.
A first purpose of the present invention is to
provide a liquid-phase treatment solution capable of
10 carrying out a desired surface treatment to a whole
inner surface of an element having a complicated shape,
such as a porous body and a finely processed element,
and a surface reforming method using the treatment
solution.
15 A second purpose of the present invention is to
provide a new surface reforming method capable of
maintaining the reformed characteristic for a long
duration as compared with a conventional method for an
olefinic resin, which has been supposed to be difficult
20 to be treated for surface reforming, and to provide a
surface structure itself.
A third purpose of the present invention is to
provide a new surface reforming method capable of
forming a thin layer of a thickness in a molecular
25 level, preferably a monomolecular level, as a reformed

surface itself without changing a structure of an

element or with scarcely increasing the weight of the



reforned el enment with high productivity. A sixth purpose of the present
invention is to 10 provide an innovative nmethod for reform ng el enent
surface utilizing interfacial physical adsorption based on an energy |evel
approximately simlar to cleaving of a polynmer fromthe view point of
interfacial energy of a group (or groups)7of the polyner. 15 A seventh
purpose of the present invention is to provide an innovative surface
reform ng method capable of evenly reformng a circunference of an el enent
and at the sane tinme to provide a surface structure which has not been
obt ai ned by aedemeertt iagwaltompmeside emsurE 2@ \stewaming idfsdlfe. whol e
circunference of the surface structure itself. Oher purposes of the
present invention @ayfdvethupdersissodff ride tresegil dwveptdascriptions, and
the present invention can achi eve conpounded purposes in an 25 optional
conbi nati on ofPTOvd dgbey & rgesdierie dhatdise stiithe whi@pes eiesimad f ol | owi ng
inventions are included in the - 8 present invention in order to achieve
the above ded&HOBEH UGS &5 CYe BEs O 161 £WutYadd fRaBIGHn®Y 3ret hod of
the present invention is a surface reformng method for 5 reformng a part
of surface by SroReENPishANEnE SHHRce WISt tseld- a part of

the surface of a prescribed el enent be sub ect ed tto surfacte ref orm ng
with a functional dﬁ}ﬁj frettr"(ﬁ RaRre it invention is to

provide a method for easily manufacturing a surface-
reformed element with high productivity.

A sixth purpose of the present invention is to

10 provide an innovative method for reforming element
surface utilizing interfacial physical adsorption based
on an energy level approximately similar to cleaving of
a polymer from the view point of interfacial energy of
a group (or groups) of the polymer.

15 A seventh purpose of the present invention is to
provide an innovative surface reforming method capable
of evenly reforming a circumference of an element and
at the same time to provide a surface structure which
has not been obtained by a conventional manner from the

20 view point of the whole circumference of the surface
structure itself.

Other purposes of the present invention may be
understood from the following descriptions, and the
present invention can achieve compounded purposes in an

25 optional combination of the above described respective
purposes.

The following inventions are included in the



and is characterized in that the above described supply 10 of the functional
group to the above described partial surface is carried by a nethod
involving a first step of supplying, to the above described parti al

surface, a liquid containing a polynmer which is different froma
constituent material of the partial surfac& and which 15 conposes a first
part having the functional group and a second part having a group with an
interfacial energy of approximately equal to the surface energy of the
partial surface but different fromthe interfacial energy of the forgoing
functional gr PFesENt dnyerdri@®REstaplest & iaghiiavg tthe part of the
above described polyner toward the above described partial surface and
orienting the dESCHLIBSS PUIRRESEthe different side fromthe above described
partial surface. 25 Another aspect of_ a surface reformng net hﬁ? accordi ng

to the present invéM§ @FRSCTH Hud £ TaSE FSFHPIRG MEFHEE 3PS ng a part
of the surface by - 9, providing a partial surface,, which _co ses at | east
2 part of t hETEREed BINEIRL S P AT ke LS MEHRCLRE to t he
surface reform wi.th a functignal roup._for surface reformng and is
charact e zed i T & Weargboqu ST 23&' ﬁﬁ?ﬁ'lldld}g t"’hé’af’iﬁfc"‘pi onal group
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reforming with a functional group for surface reforming
and is characterized in that the above described supply

10 of the functional group to the above described partial
surface is carried by a method involving a first step
of supplying, to the above described partial surface, a
liquid containing a polymer which is different from a
constituent material of the partial surface and which

15 composes a first part having the functional group and a
second part having a group with an interfacial energy
of approximately equal to the surface energy of the
partial surface but different from the interfacial
energy of the forgoing functional group and a second

20 step of orienting the second part of the above
described polymer toward the above described partial
surface and orienting the first part toward the
different side from the above described partial
surface.

25 Another aspect of a surface reforming method

according to the present invention is a surface

reforming method for reforming a part of the surface by



10 by cl eaving of a polyner conposing a first part having the above

descri bed functional group and a second part having a group with an
interfacial energy of approximtely equal to the surface energy of the
partial surface but different fromthe interfacial 15 energy of the forgoing
functional group and which contain the ab®%ve described first part and the
above described second part, a second step of orienting the second part of
t he above described fractionalized products toward the above descri bed
partial surface and 20 orienting the first part toward the different side
from the aboP&EOCY¥dddnPhEedPRETLral SYTIRECe, WAAEha COMPOSes &F 16askt 3 east
partially polynerizing the fractionalized products oriented on the above

descri bed par PREE Sfr FhCe SHy L86RdOHs &t PR SFSIPREr BL&MEG . 3% BFe aspect of

an el ement havi t he surface reforned a .nethqod of the present invention
is an eIenenFu%389F&§d%ﬁ Fﬁea585ﬁﬁﬁ§rr gﬁﬁgﬁﬁﬁ " %Q Fa WQﬂ%¥pqé; sur f ace
conposi ng at Ie%§t Qaghr f th% %%}kgce an L% %%%r%;%gﬁjz jhp that the
above descri b&§ HBI%ﬁbr coﬁSSUn P W e &° WICERG S ¢3S ert S0l ubl e in a

solvent or hag,a.mun skelet qacdifienent fromine, s miorial, Al .oy

partially conpoSing the tTorgoing “partia face an conprises a
first part haying,ea el iy %%'ri%r ‘&“@.afr%ri rlefs‘?ﬁfPa%%f e ci%l}(}\ﬁ%dd%sf.r | bed
partial surface and a second par Ha I'ng the Sinter aci a energy “ditferent
fromthe intepfagidl ilQcARENYY Ofritrid AL ALY HSA AN el group and
above described partial surface, a liquid containing
fractionalized (dragmented) products which are obtained
10 by cleaving of a polymer composing a first part having
the above described functional group and a second part
having a group with an interfacial energy of
approximately equal to the surface energy of the
partial surface but different from the interfacial
15 - energy of the forgoing functional group and which
contain the above described first part and the above
described second part, a second step of orienting the
second part of the above described fractionalized
products toward the above described partial surface and
20 orienting the first part toward the different side from
the above described partial surface, and a third step
of at least partiaily polymerizing the fractionalized
products oriented on the above described partial
surface by condensation polymerization.
25 One aspect of an element having the surface

reformed by a method of the present invention is an

element provided with a polymer compound in a partial



approximately equal to the surface energy of the above described partial
surface and the above descri bed second part is oriented toward the above
described partial surface and the above described first part is 15 oriented
in the direction different fromthat of the above described partial

surface. Another aspect of an el enent haviog-the surface reforned by a

nmet hod of the present invention is an elenent provided with a pol yner
conpound in a face made 20 of a polyner material having 80 or w der contact
angle to water and is characterized in that the above described polyner
conpound i s asmatfeceakcowposhngs ateilehet soballte oifn thes surdriceom@nidavisng a
mai n skel etal structure different fromthe above described pol yner 25

mat eri al and whierhctempriededna thiaftstthgapbogy degcaibkddpedlimerc group and a
second part having the interfacial energy |lower than the interfacial energy
of - 11 the &bBPeuBEsdsi Bedappdigghmbichgisupizhgragpleoleatid® @ equal to
the surface energy of the above described face nade of the polyner material
and the aboveS@é¥erithed hescEndapar kededrreAiddershdr §TOMe e made of the
5 above descri bed polyner materi al ag& t he above described first part is

orienped5in tﬂétﬁFﬂéégﬁﬁnleéﬁﬁfEPEﬁﬁ #gnFPWBPéépgtﬁ@ef§8§gﬁ&89 of the above
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partial surface and a second part having the
interfacial energy different from the interfacial
10 energy of the above described functional group and
approximately equal to the surface energy of the above
described partial surface and the above described
second part is oriented toward the above described
partial surface and the above described first part is
15 oriented in the direction different from that of the
above described partial surface.

Another aspect of an element having the surface
reformed by a method of the present invention is an
element provided with a polymer compound in a face made

20 of a polymer material having 80° or wider contact angle
to water and is characterized in that the above
described polymer compound is a material which is
either soluble in a solvent or having a main skeletal
structure different from the above described polymer

25 material and which comprises a first part having a
hydrophilic group and a second part having the

interfacial energy lower than the interfacial energy of



having an olefinic resin at least in the surface and provided with a

pol ymer conpound in the above described surface and is characterized in
that the above 15 described pol yner conmpound is a material which is either
soluble in a solvent or having a main skeletal structure different fromthe
above described material forming the surfldce and which is a

pol yal kyl si |l oxane conprising a hydrophilic group and the al kyl group of 20
t he pol yal kyl sil oxane is oriented toward the above described surface and

t he above descri bed hydrophilic roup i.s, oriented toward the direction
di T erent fromhe RPHSIESRIItEh AW SRR & (HROUR, FHD\ARRF PHINSRA

descri bed surface w.th drophilicity. 25 e .aspect of_a netho or

manuf act uri ng 828R e 17 "’lﬁenﬁfyesﬁ% é& Be 1 3ReY: éisee?ﬁmit?ﬁfgrg?%% is a
met hod of manufact uri a fiber having an olefinic - 12 esin .at.least in
the surface aﬁ'}?adgc?r&ﬁ WHIeT _r“éq‘to%?e%l Sl écg'ée BRAYRY Fﬁﬁ%lpt?ﬁqi city in
the above descride surd ace And s Fharasterhred by, somrisingha  first
step of supplying a &t'uti'on Con aining a I ssol ved "al Kyl si | oxane pol yner

havi ng a dhydr ﬁ?g‘}%%eﬁdtg%é %eédﬂ’;’ff%?ﬁs'ﬁéjﬁ%cfim f &and a second step

of orienting above descri oxane to the above descri bed

surf ace and ordenbiiied e ,aR0YS oSl | bl ORIE ArQPidh the different
e

direction 10 fromthe above scri bed surface. Another aspect of a nethod

of manuf act ur igie ferdritherrai tihdefor rad tdaRdy dheaHy eagife i nvention is

described polymer material to give hydrophilicity to
the face made of the above described polymer material.

10 A fibrous body with reformed surface formed by the
present invention is a fibrous body made of a fiber,
having an olefinic resin at least in the surface and
provided with a polymer compound in the above described
surface and is characterized in that the above

15 described polymer compound is a material which is
either soluble in a solvent or having a main skeletal
structure different from the above described material
forming the surface and which is a polyalkylsiloxane
comprising a hydrophilic group and the alkyl group of

20 the polyalkylsiloxane is oriented toward the above
described surface and the above described hydrophilic
group is oriented toward the direction different from
the above described surface side to provide the above
described surface with hydrophilicity.

25 One aspect of a method for manufacturing a fiber
with reformed surface by the present invention is a

method of manufacturing a fiber having an olefinic



a nmethod of manufacturing a fiber having an olefinic resin at |least in the
surface and provided with a 15 reforned surface having hydrophilicity in the
above described surface and is characterized by conprising a first step of
supplying to the above described surface a solution containing dissolved
fractionalized products obtained by cl eadizag of an al kyl si | oxane pol yner
havi ng 20 a hydrophilic group and a second step of condensing the above
described fractionalized products on the above described surface, orienting
t he above described alkylsiloxane to the above descrjbed surface and

ori enting the I8iFdVe ade I e d thydpeo fiiufiacey @dh Drevite D avicgih faer ent
direction fromthe above described surface. Another aspect of a nethod of
manuf act ur i ng T8TorMes sHTERCeefGVeY Qvdrapd iy ity dreddif 3hR¥htion is -
13 a nethod of manufacturing a fiber having an olefinic resjn at least in
the surface aﬂ&sﬁrd\ﬂe%e(f%fta%ea ando iy ﬁgﬁ’r&tle&(?@%\ﬂyné’%’cﬁfﬁ?q i®ity in

t he above described surface a%% i.s characterized by conprising a 5 step of

forming a fi bér T8 165:_(%’ Coat BRI % % tsé’gt“ﬁﬂ'rﬂ“ & f}?t’i”d'rpgcd%t aining a
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above described surface and orienting the above
described hydrophilic group in the different direction
10 from the above described surface.
Another aspect of a method of manufacturing a
fiber with reformed surface by the present invention is
a method of manufacturing a fiber having an olefinic
resin at least in the surface and provided with a
15 reformed surface having hydrophilicity in the above
described surface and is characterized by comprising a
first step of supplying to the above described surface
a solution containing dissolved fractionalized products
obtained by cleaving of an alkylsiloxane polymer having
20 a hydrophilic group and a second step of condensing the
above described fractionalized products on the above
described surface, orienting the above described
alkylsiloxane to the above described surface and
orienting the above described hydrophilic group in the
25 different direction from the above described surface.

Another aspect of a method of manufacturing a

fiber with reformed surface by the present invention is



resin at least in the surface and provided with a 15 reforned surface having
hydrophilicity in the above described surface and is characterized by
conprising a step of formng a fiber surface coated with a treatnent

sol ution containing a polyal kyl sil oxane having a hydrophilic group, an acid,
an al cohol, and water and a 20 step of _dijging the treatment sol ution
coating the above described fiber surface while nmaking the above descri bed
surface hydrophilic by orienting the above described hydrophilic group in

t he opposed direction to the above described surface. 25 Another aspect of
a surface refarnenpodedliodnanacactdiriggt a thbepr hRaebhgi aneollefiinie a surface
reform ng nmethod of the surface of a prescribed elenent - 14 and is

charact eri zedregiconpr leasg anf thet ssirépcef anduppbyidgd wdthhe above
described surface, a liquid containing a diluted sulfuric acid, a volatile
agent for refrefpirmgdt Burdhtenheyingt hydnepbidkentysinf sbe ahdve a treat ment
agent of a polyner conprising a second part having a group with an
interfaci al efes§yikppr surkacel gndedgal P639ﬁ6réﬁﬁga€¥ EABPE¥S&NTt Re above
described surface and a first part having a group with an interfacial
energy deff er 84ePf PEMEPRBLRPoPe fdbEE T SHEA2EE Fﬁ?&?ﬂaﬂ#ﬁb entFgptmgndecond
step of renoving the above _described agent for reformng the affinity by
heating the FQ&HFﬂaﬁtCQBFP&BéngaatRP}H dkghsHEoxpBEVNAYLREed pol ymer in the

above descri bed LreaLIvnt (2050t B L808CeOLLaL g, LR 20Qug degeLlbel

of drying the treatment solution coating the above
described fiber surface at a temperature higher than a

10 room temperature.

Another aspect of a method of manufacturing a

fiber with reformed surface by the present invention is
a method of manufacturing a fiber having an olefinic
resin at least in the surface and provided with a

15 reformed surface having hydrophilicity in the above
described surface and is characterized by comprising a
step of forming a fiber surface coated with a treatment
solution containing a polyalkylsiloxane having a
hydrophilic group, an acid, an alcohol, and water and a

20 step of drying the treatment solution coating the above
described fiber surface while making the above
described surface hydrophilic by orienting the above
described hydrophilic group in the opposed direction to
the above described surface.

25 Another aspect of a surface reforming method
according to thé present invention is a surface

reforming method of the surface of a prescribed element



15 to a concentrated sulfuric acid, and a fourth step of condensing the

ri ng- opened pol yner on the above described surface and at the sane tine
orienting the second part of the polyner toward the above descri bed

surface and orienting the first part in the different 20 side fromthe above
descri bed surface. Another aspect of a sutdace reform ng nethod according
to the present invention is a nethod for reformng the surface of an

el ement by introducing a functional group to the forgoing surface and is 25
characterized by involving a step of condensing fractionalized products
conprising a §@%oh§ 9b@¥aﬁﬁerh§edab§r69%Pm}$hn@na|ﬁ%§$ta%F%P efier gy

approxi mately equal - to the surface energy of the above descri bed
surface and %UPP}g%n%arFohEOPn@b?ﬁ% d88TELRRd cFIBERCE un®t 1 WAt d group and
obt ai ned by cl eaving, a oI¥n§ gng havi ng the %ﬁ?ve descri bed first
part and the GBBYR1BIREsErfbelteec Hﬁfbﬁ}? A The? cORR LR WRREin the
fractionalize roducts.are, ori ased on the _affi f the group
havi ng the | nteFt BEFSFRARG, 5J° ARETOAPRREbHY B*a%a?l%'ae?ﬂ sdgfrcteaniler oy

with the aboye des r|b d_su t her as ect of _an ele aving a

r ef or med” sur?aEEe% B?Es%n?glnvgﬁﬁ¥%ﬁr SORR %? Wen? RavTh %ar?eforned
surface into whieh 2 fggéﬁ#°9§¥h9§8”9n£ rfé@#éfd %gu%?éé?%n?%€8% rized by

bear i ng a condensa stance O frac I ona IZG ove 15

descri bed Suré&ﬁgi @8dtBQesaP9¥8ed8§8£b999f the above described

surface and a first part having a group with an
interfacial energy different from the above described
10 interfacial energy, a second step of removing the above
described agent for reforming the affinity by heating
the resultant surface, a third step of cleaving the
polymer in the above described treatment agent by
concentrating the above described diluted sulfuric acid
15 to a concentrated sulfuric acid, and a fourth step of
condensing the ring-opened polymer on the above
described surface and at the same time orienting the
second part of the polymer toward the above described
surface and orienting the first part in the different
20 side from the above described surface.

Another aspect of a surface reforming method
according to the present invention is a method for
reforming the surface of an element by introducing a
functional group to the forgoing surface and is

25 characterized by involving a step of condensing
fractionalized products comprising a second part having

a group with an interfacial energy approximately equal



fractionalized products conprise a second part having a group wth an
interfacial energy approximtely equal to the surface energy of the above
described surface and a first part having the above described functional
group 20 are obtained by cleaving a polymer conpound having the above
described first part and the above describ@&d- second part, and are condensed
in the condition wherein the fractionalized products are oriented based on
the affinity of the group having the interfacial energy 25 approximately
equal to the ur%sce engrﬁ with the %gove descri bed, surface. Anot her
aspect of an &Pefrefit SHAVE é SRPEFYr REGTRe18PO¥G RGEET HYCE hBUBFRSENt
invention is an.elenent having a .circunferential pat f _a curved. face
formng a cl o289 ac??fﬁFaPag aBQVéBQaﬁH8u?§?V%i$%ﬁ éﬁ%ﬁtfﬁPCE?BQQl section
and is characjerjzed i.n e,.ab .descr] t ' nferentia
part has a pa%?ogéaggg O&??%n%ng§n§¥§%§éﬂ§i%gbgfggggnééméggggircuIarIy

surrounded W ffi, iR thbMbBe@NEeELPTRMa! HE BoRSphP: LEROLAL HBoLEr 901 ng

surface part; an e above descri pol ymer~ conpound 1s a nmaterial which

i's 10 sokubl egbBcpipBlVEBECRA PaPtaiNBLAeSK8hEl BloAt {HEFHER tHbfferent from
the material of the surface of the elenent and which conprises a first part

having a fUn@%b@ﬂ%bnﬁi@ﬂ@df?fo&ﬁ&@é”&ﬂg bheeAboNEHLH88ET bRedhesurface and a
second part having the interfacial energy 15 different fromthat of the

above describgdfiﬂm@yi@@ahheggeaapansv@ﬁgrexénﬁheéyfsayai éRet @ surface
ener gy of

approximately equal to the surface energy with the

above described surface.

10 Another aspect of an element having a reformed
surface by the present invention is an element having a
reformed surface into which a functional group is
introduced and is characterized by bearing a condensate
substance of fractionalized products in the above

15 described surface: and the above described
fractionalized products comprise a second part having a
group with an interfacial energy approximately equal to
the surface energy of the above described surface and a
first part having the above described functional group

20 are obtained by cleaving a polymer compound having the
above described first part and the above described
second part, and are condensed in the condition wherein
the fractionalized products are oriented based on the
affinity of the group having the interfacial energy

25 approximately equal to the surface energy with the
above described surface.

Another aspect of an element having a reformed



t he above described surface and the above described second part is oriented
toward the above described surface and the above described first part is
oriented 20 in the direction different fromthat of the above described
surface. Another aspect of a surface reform ng nethod of the present
invention is a surface reforming nethod fb¢ -reforning the hydrophobic
surface of an elenent to be 25 hydrophilic and is characterized by invol ving
a step of sticking, to the above descri bed hydrophobic surface,
fractionalized oducts conprising, a, hydrophiljc group - 17 _and a

hydr ophobi ¢ gPBUERGRE BHEEF NEECBYTE LAVTRELER 10| her | SBRRbUREY HA9i Ag t he
above described hydrophilic roup_and the aboyve described hydrophobic group
"o n” anner CHETMFETANGVE ALY TREE oM B T OTE © SHPERRed i b ¢ he

f i d f_th b i d i h b
surf ace 1 do glethceabagedoser Lped, Lo opllh o o agdy he aboue

descri bed hydrophiTic iréciron ditferent from

that = of the fydiophobis L 0URa:A0ELDESoASAECEnL Ak SLissRAt having a

reformed 10 surface by the present Tnvention Is an elenment having a

hydrophobi ¢ sged@rErdi Shitds ELLEQINEEr&RLE Foaty MPPNL | perEULbREEgaNd tO

whi ch fractionalized products conprising a hydrophilic group and a
hydrophobi c ggpeiR anfi PRt dbRediRing! & éi&hé&FEﬁdWEIré@l&ﬁﬂ?ound having the

above descri bed hydrophilic group and the above descri bed hydrophobi c group
are stuck in s@ri@inesd thathtbite abOue L€ Sehé beTbdadrophobas gsoup is
reform the forgoing surface part; and the above
described polymer compound is a material which is
10 soluble in a solvent or has a main skeletal structure
different from the material of the surface of the
element and which comprises a first part having a
functional group for reforming the above described
surface and a second part having the interfacial energy
15 different from that of the above described functional
group and approximately equal to the surface energy of
the above described surface and the above described
second part is oriented toward the above described
surface and the above described first part is oriented
20 in the direction different from that of the above
described surface.

Another aspect of a surface reforming method of
the present invention is a surface reforming method for
reforming the hydrophobic surface of an element to be

25 hydrophilic and is characterized by involving a step of
sticking, to the above described hydrophobic surface,

fractionalized products comprising a hydrophilic group



oriented in the surface side of the above described hydrophobic surface and
t he above described hydrophilic 20 group is oriented in the direction
different fromthat of the hydrophobic group. A surface treatnent sol ution
to be used for the surface reform ng according to the present invention is
a surface treatment solution to be used fbf @a surface 25 reforning method
for carrying out surface reformng by supplying a functional group for
reformng to a partial surface to be reformed conposing at |east a part of
the - 18 surface_of rescribed el erent .and. i s. characterized_ by

contai ning a BaTyRerY FEVIARE (FIRR T19 D BarSAaRY rgioa et onal gr oup
and a second Vi i | al i that of the
above 5 descrﬂg(g%%m%lﬁn%{)}?%anlgﬁ?d g*%%%ﬁ@%p%l?%% %%%{/Ikg%&l;gﬁ Y%%gﬁtl#éﬁ'léur face
energy of the ex08SEekd PegbPardd a1 1584 f 5o atdl o} yent having
sufficient V\%??g i?llqlty to the above rescri}gigcgr%@érrent %n%"ze#{ngga good

sol vent 10 t he, oby "Bhat 2Pe SalbeaVh &S £A5Eh Ys)aRbpHOb L6, Abgy e descr i bed

pol ymer. The surface treatnment solution nay further contain 'a volatile

sol vent havi ngrien¥edt aRithd Ystpride Sy esr daserimssk eheserinamd being a

good solvent to the above described polymer. A method of producing such a
15 surface treparBphobOt UshPradcs &hdrass eibadws dysceliss®! vydEophel fove

described polyner in a volatile solvent having sufficient wettability to
t he above degesupedsedbei@tednin behedbrgooions diefdrdnt t fivombevet
of the hydrophobic group.
Another aspect of an element having a reformed

10 surface by the present invention is an element having a
hydrophobic surface which is reformed to be a
hydrophilic surface and to which fractionalized
products comprising a hydrophilic group and a
hydrophobic group and obtained by cleaving a polymer

15 compound having the above described hydrophilic group
and the above described hydrophobic group are stuck in
a manner that the above described hydrophobic group is
oriented in the surface side of the above described
hydrophobic surface and the above described hydrophilic

20 group is oriented in the direction different from that
of the hydrophobic group.

A surface treatment solution to be used for the

surface reforming according to the present invention is
a surface treatment solution to be used for a surface

25 reforming method for carrying out surface reforming by

supplying a functional group for reforming to a partial

surface to be reformed composing at least a part of the



descri bed pol yner and then m xing a volatile solvent 20 having no
wettability to the above described el enent and being a good solvent to the
above described polymer to the resultant solution. Another aspect of a
surface reform ng method according to the present invention is a surface 25
reform ng method for carrying out surfacel®efornmng for a partial surface
of an elenent and is characterized by reformng the surface by carrying
out, on the above - 19 described partial surface, condensation

ol yneri zation f ring-opened pol rs oriented pbased on the affinit of
Phe It er faci AT EREP JEof B GrORpPer ihShen THE L 1A Sieh 659 FY t he
partial surface of.the eIenEft. § AnotQ&r as ct_of.a surf cg?reforning
met hod accor PRI PHe PRttt i RERKTTSA TEMh Furaet Pa%t AT HYE net hod
for carryin u f ref or m for rfi face an el enment
using a ?/I qgi%-%‘ﬁ%éslél&g‘%} yﬁlé(?ugn%g?sgcﬁ%t?%'g?eéélgéeﬁ%{/lﬁv%r%i ng a 10
Condensat'0”.§$€Qrf8bP§1Céﬁéf§§ 89%f89e+@ef399V€%PQQ§fr ﬁ&“%ﬁ?@é'a' surface
by condensation pol yneri zi ng ractional rzed products of a polynmer conprises

a first 59rougefaviBga arhioeiban! gB6eYPaReSSHPLSxifa b1y | diaPPEsed and
condensation pol yneri zable and a second 15 group having ‘an interfacial

ener gy approxm@t&hyfsaéaénefg?tae £N& f A6EvEN@sQYr Dhed NSaPeidi al surface of
the elenent. Another aspect of an elenment of the present invention is an
el ement whi chshagade SUAT A6 Ba€OIPr §61%6nt having sufficient
wettability to the above described element and being a
good solvent to the polymer, and a cleaving catalyst of
10 the above described polymer.
The surface treatment solution may further contain
a volatile solvent having no wettability to the above
described element and being a good solvent to the above
described polymer. A method of producing such a
15 surface treatment solution is characterized by
dissolving the above described polymer in a volatile
solvent having sufficient wettability to the above
described element and being a good solvent to the above
described polymer and then mixing a volatile solvent
20 having no wettability to the above described element
and being a good solvent to the above described polymer
to the resultant solution.
Another aspect of a surface reforming method
according to the present invention is a surface
25 reforming method for carrying out surface reforming for
a partial surface of an element and is characterized by

reforming the surface by carrying out, on the above



20 at least an olefinic resin and reforned by being made hydrophilic and is
characterized by having a |liquid- contacting surface structure having
practically reciprocally a hydrophilic group with a relatively long chain
and a hydrophobic group with a relatively short 25 chain on the above
described el enment surface and fornmed by #%rﬁing an el enment surface coated
wth a treatnent solution containing a polyner having the hydrophilic - 20
group and a group with an interfaci al energy approxi mately equal to the

surface ener Gy ol tkey SLAEN Siigce COMMILALIOA JsAMetheRRONe

described ol &TTHIC Tesif a5 a Ttons uen coiponen uted sul furic
acid as a cle ¥: b pele] Fa ggg n al cohol ,
evaporating the %%%%ﬁ@& s&%l |on5ac(§(;]}e/1e Qee Cﬁé&%gve descrlfb 1TaBémant
surface and s fLASNGOUSL Y EONE AN ﬂgf@ggldad (Sfhi il LI gp@ici d 1O be a
concentrated sulfuric acid on the 10 “above scribed el ement surface to

ring-open thesgbpyce oSty %Q?fj ﬂ%?@ftléﬁ%ﬁfﬁb&%@%té%&% ymeri zing
t he ring-opened products. BRI EF DESCRI PTI ON OF THE DRAWNGS 15 FIGS. | A and

1B are sghematic fAgeiesr iddpisdt abf g siiEacdhast i@t tio@ pol ymer as a
surface reformng agent fornmed on the object surface to be reforned of an

el ement (a subsdédseding teottite ghrresit sindaceion s alrdweeadd eat mrent net hod
of the present invention and 20 FIG 1A is a figure illustrating the case
where a pol yrefolmwing e tisdd gfatipcaasryai dgineit anat f e ue foxhing for
a partial surface of an element using a liquid-phase
polymer and is characterized by involving a
10 condensation step to be carried out on the above
described partial surface by condensation polymerizing
fractionalized products of a polymer comprises a first
group having a functional group possible to be ring-
opened and condensation polymerizable and a second
15 group having an interfacial energy approximately equal
to the surface energy of the partial surface of the
element.
Another aspect of an element of the present
invention is an element which has a surface comprising
20 at least an olefinic resin and reformed by being made
hydrophilic and is characterized by having a liquid-
contacting surface structure having practically
reciprocally a hydrophilic group with a relatively long
chain and a hydrophobic group with a relatively short
25 chain on the above described element surface and formed

by forming an element surface coated with a treatment

solution containing a polymer having the hydrophilic



second group for adhering to the elenent surface both in the side chains
and FIG 1B is a figure illustrating the case where the second group is
contained in the 25 main chain; FIG 2 is a schematic figure illustrating
the state of applying a treatnent solution containing a - 21 polyner as a
surface refornming agent and forming a To#ling layer on the substrate in a
surface reformng nethod of the present invention; FIG 3 is a generalized
figure illustrating the 5 step of partially renoving a solvent in the
coating layer fornmed.on a substrate and cont ai ni]pg a polymer as a surface
reform ng agefTOTR L7 rHRR fbh 3y Het Cut Effée%%sent i nventi on;

FI GS. 4A and 4B a&({a.rge al i zltladlfjc(gu s 11(13 tiI I ustr{a];i ngoéh step of parti al
di ssoci ati on fPH Jp ?€ F sUT f ate Feform neg eaﬁt auded by an acid

added to a treptumnt SoLMLIOnLOLLON g Sbeslep Ole HBIL AddcromRyi N o

solvent in the coating Tayer ol yner as a” surface f orm ng;

15 FIG 5 i | J fl I ' cQrieati
IS 81«9?{'1‘?{@ L&&fh fAgut ecbh L Upt fatd ’kg?nﬁsélg%?rgt% ,:%l g‘é&jﬂﬁt&ﬁ] Inhg a

pol ymer as a surface reformng agent or its ractionali zed

product ss fol Leeng: & hecd eps of ELELPERG T eIV N Y bdyk the  coating
| ayer containing the polynmer as a surface 20 reformng agent; FIG 6 is a

general i zed faégéﬁiﬁéélﬁ61§ﬁéﬁg dhe aﬁtéibéﬂoIUiéﬁﬁﬂdEhﬁﬁﬂE”ﬂm@r as a
surface reformng
treatment solution coating the above described element
surface and simultaneously concentrating the diluted
sulfuric acid to be a concentrated sulfuric acid on the
10 above described element surface to ring-open the above

described polymer, and then condensation-polymerizing

the ring-opened products.

BRIEF DESCRIPTION OF THE DRAWINGS

15 FIGS. 1A and 1B are schematic figures illustrating
the adhesion state of a polymer as a surface reforming
agent formed on the object surface to be reformed of an
element (a substrate) to the element surface in a
surface treatment method of the present invention and

20 FIG. 1A is a figure illustrating the case where a
polymer has a first group as a functional group and a
second group for adhering to the element surface both
in the side chains and FIG. 1B is a figure illustrating
the case where the second group is contained in the

25 main chain;

FIG. 2 is a schematic figure illustrating the

state of applying a treatment solution containing a



agent or its dissociated and fractionalized products and sticking and
fixing themon the surface following 25 the step of drying and renoving a
solvent in the coating layer; FIG 7 is a generalized figure illustrating
the - 22 step of re-bonding dissociated and fractionalized products one
another derived froma polymer as a surféke refornming agent, which is
stuck, and fixed to and on the surface, by condensation reaction; 5 FIG 8
is a generalized figure illustrating an enbodi nent of a surface reformng
met hod of the D esent invent%on Qgﬁ%ied,to aeg¥d&§§9q$ic surface to convert
the surface t® Y dPDphi FrE-3ART Y RISt of TBHE nY water to a
treat nent solutigqa 10 Fl GS. 9€hand 9B are schematic fi%urgg illustrating
an ermbodi mentCHFTELUTFARRE PR1 5PFi PPFELREH oF T HTER TR | on
applied to the £ﬂg&tanﬁh§f%f@§§ﬁ9 Aavddf gphobi c PP container inner wall

N a I |

face be hydrophrlic n s a schematic figure illustrating the 15
untreated inner watisfage; 9f jt P, i . o chematic
figure_iIIustratingi?he§iﬁ%e? €£T§i3¥g%%§coa.%i%ﬁ%%i#%fﬁéﬁﬁ%%h???c agent
fol I owi ng thestéﬁe@fg%@ftﬂélpj}oférgb@ﬂu%yngéﬂG':ErY;tlEé Goadfhy 10B, 10C
and 10D are figures illustrating a PE/PP fibrous body usable for an ink

absorbent in pRyéPkebAhkda &hG d@bstSate S&m_r@éﬂe‘ai_rtirgg?rs polyméraksng the
utilization enbodinent as an ink absorbent in an ink tank and FIG 10B,
FIG 10C a surface reforming agent in a surface reforming method

of the present invention;

FIGS. 4A and 4B are generalized figures

10 illustrating the step of partial dissociation of a
polymer as a surface reforming agent caused by an acid
added to a treatment solution following the step of
partially removing a solvent in the coating layer
containing the polymer as a’ surface reforming;

15 FIG. 5 is a generalized figure illustrating the
step of orienting a polymer as a surface reforming
agent or its dissociated and fractionalized products
following the step of further removing a solvent in the
coating layer containing the polymer as a surface

20 reforming agent;

FIG. 6 is a generalized figure illustrating the
step of orienting a polymer as a surface reforming
agent or its dissociated and fractionalized products
and sticking and fixing them on the surface following

25 the step of drying and removing a solvent in the
coating layer;

FIG. 7 is a generalized figure illustrating the



and FIG 10D are schematic figures respectively 25 illustrating the whole
shape of the PE/PP fibrous body and the orientation direction Fl of the
fibers and the direction F2 rectangular to the direction FI, the above - 23
descri bed PE/ PP fibrous body in the stataﬁfefore formati on by therma

fusi on, and the above described PE/ PP Ti®fous body in the state after
formation by thermal fusion; 5 FIGS. 11A and 11B are figures illustrating
one exanple of a cross section structure of a PE/PP fibrous body shown in

E:gﬁcgln?rsl cé?ﬁé{ég%lggn@%%@ c%rldesiéfra et a aﬁﬁeﬁo%fi@ﬁﬁ{aoph matela)r/i al and

FIG 11Bis AaSESteBitd Cafd KL dé}ﬂ% £ of eccentrically
coating a PP%ggre natg%?al 6 a PE eat naterla FIGS 12A, 12B, 12C

12D, 12E and JgFrace féwmgpé éﬁér%fkﬂaa{be&mr@ﬁd Oof i Pl tgation a
surface 15 reform ng net hod e present invention to the treatment for

nmeki ng hydr opyadi én sthd aser Picd hepPHidRiehsDE Los Rastyesdown in FIGS. 10A to
10D be hydrophilic and FIG 12A is a schematic figure of an untreated

fibrous Hody, FlIGFIi@B schenmtgetdtylitddistiqinse ilvusirstiany adni Mersing
the fibrous body in a treatnment solution for making the surface be
hydrophilic, emtodfihént 1€ &cherPdce ateformingtnatiasd tde Heprdsent
pressurizing the fibrous body after imersion and renoving the excess
treat nent sol ivemtidn GHpllikdd tto a hydrophobic surface to convert
the surface to be hydrophilic and showing the effect of
adding water to a treatment solution:;
10 FIGS. 9A and 9B are schematic figures illustrating
an embodiment of a surface reforming method of the
present invention applied to the treatment of making a
hydrophobic PP container inner wall face be hydrophilic
and FIG. 9A is a schematic figure illustrating the
15 untreated inner wall face of the PP container and FIG.
9B is a schematic figure illustrating the inner wall
face coated with a hydrophilic agent following the
treatment of providing hydrophilicity;
FIGS. 10A, 10B, 10C and 10D are figures
20 illustrating a PE/PP fibrous body usable for an ink
absorbent in an ink tank, FIG. 10A is a schematic
figure illustrating the utilization embodiment as an
ink absorbent in an ink tank and FIG. 10B, FIG. 10C,
and FIG. 10D are schematic figures respectively
25 illustrating the whole shape of the PE/PP fibrous body

and the orientation direction Fl1 of the fibers and the

direction F2 rectangular to the direction F1, the above



25 12F are partially magnified figures of FIGS. 12A to 12C, respectively;

FIGS. 13A, 13B, 13C, 13D, 13E and 13F are figures - 24 illustrating the
steps successive to the steps illustrated in FIGS. 12A to 12C and FIG 13A
is a schematic figure illustrating the cg ting layer formed on the surface
of a fibrous body, FIG 13B 5 schenati cal ? Tllustrates the step of drying

and renoving a solvent contained in the coating layer, and FIG 13Cis a
schematic figure illustrating the coating on the surface of the fibrous

body with an ggggg%ﬁéé ??ggkngighgﬁﬁgé%gﬁgigzgﬂgg%%ékg.bg%gs. 13D to 13F are

10 partial ly nmagni ures o respecf?vely; FIG 14

is a SEM phOt?Q%ﬂQ@'Bé éé?ﬁﬁ&gﬁ%%iﬁééi8 > aﬁ&béﬁézﬁﬁ$08 &Q§c££98 ©

illustrating untreate rous shapes an elrr surface state of a

reference 15pgyappkentalisupbagatRIcRE- BEaflbLpHsr aPsPnRENbN bf! G 15 is a
SEM phot ograph of 500 magnifications substituting the figure Tllustrating

untreated PP-PRerhhbreysishapes and their surface state of a reference
exanple (an untreated PP-PE fibrous absorbent); 20 FIG 16 is a SEM

phot ogragh of 2, 0081csagniAi 6Adi 008 subSkigutésdilbestiguiggi bhastrating
untreated PP-PE fibrous shapes and their surface state of a reference

exanpl e (an uskafpledoPPaPErbkbr sdetishsstbesthie 25f FA PEIPPI 5ibr&Sid/
phot ograph of 150 nagnifications

body shown in the FIGS. 10A to 10D and FIG. 11A is an
example of approximately concentrically coating a PP
core material with a PE sheath material and FIG. 11B is

10 a schematic figure illustrating the example of
eccentrically coating a PP core material with a PE
sheath material;

FIGS. 12A, 12B, 12C, 12D, 12E and 12F are figures

illustrating an embodiment of application a surface

15 reforming method of the present invention to the
treatment for making hydrophobic surface of the PE/PP
fibrous body shown in FIGS. 10A to 10D be hydrophilic
and FIG. 12A is a schematic figure of an untreated
fibrous body, FIG. 12B schematically illustrates the

20 step of immersing the fibrous body in a treatment
solution fqr making the surface be hydrophilic, and
FIG. 12C schematically illustrates the step of
pressurizing the fibrous body after immersion and
removing the excess treatment solution. FIGS. 12D to

25 12F are partially magnified figures of FIGS. 12A to
12C, respectively:

FIGS. 13A, 13B, 13C, 13D, 13E and 13F are figures



substituting the figure illustrating acid-treated PP-PE fibrous shapes and
their surface state of a conparison - 25 exanple 4 (PP-PE fibrous absorbent
treated only with an acid and an alcohol); FIG 18 is a SEM phot ograph of
150 magnifications substituting the figure illustrating treated PP-PE 5
fibrous shapes and their surface state of24m exanple 2 (a PP-PE fibrous
absorbent treated to be hydrophilic); FIG 19 is a SEM phot ograph of 500
magni fi cati ons substituting the figure illustrating treated PP-PE fi brous

shapes and their surface state of an exanple 2 . 10 (a PP-PE fibrous
absor bent t r éat 8 ¥ b hydiopiitaT)TUC r%l‘éeo §2 téeSEW%ﬁ?ot ograph of 2, 000

magni fi cati Omﬁm%ééﬁ i%]? Ptﬂ'?s.f | Ou etc'; lllé\‘.[steé{rg:{ I(%Pt]]r%@}ll JP- PE fibrous

shapes and their surtace at'e of ~an exanp rous absorbent

treated to b i) i1k : ﬁ;@ C%%tq aé?é} | gures
illustrati ngesacnﬂeggé;yrr% gﬂtﬁd a%p]l]ilcdastgiﬁoan@%rfgt e sur ac@qdlr or ?nfcﬁrgr&érrcgt hod of
the present idgyyerd Alidfdd & t eAlRNls PodPKiphs t hgggpurface of a PP fine
particle 20 be hydrophilTic and FIG 21A is a 'schematic figure of an

untreated PP ééﬁ@n@@ié;;pi%iﬂ@ra?é& KL e Idr dBBIRRFIdNE! Y schematic

figures illustrating the PP fine particle coated with an agent for making
the surface Jumseity ld sdwdie dorepdired Oof teKiduatiey SEace &

hydrophilic, and FIG 21D is a schematic figure illustrating the coating
contai ning theEI@YEI3C fi¥ a schematic figure illustrating the coating

on the surface of the fibrous body with an agent for

making the surface hydrophilic. FIGS. 13D to 13F are

10 partially magnified figures of FIGS. 13A to 13C,
respectively;

FIG. 14 is a SEM photograph of 150 magnifications
substituting the figure illustrating untreated PP-PE
fibrous shapes and their surface state of a reference

15 example (an untreated PP-PE fibrous absorbent);

FIG. 15 is a SEM photograph of 500 magnifications
substituting the figure illustrating untreated PP-PE
fibrous shapes and their surface state of a reference
example (an untreated PP-PE fibrous absorbent):;

20 FIG. 16 is a SEM photograph of 2,000
magnifications substituting the figure illustrating
untreated PP-PE fibrous shapes and their surface state
of a reference example (an untreated PP-PE fibrous
absorbent):;

25 FIG. 17 is a SEM photograph of 150 magnifications
substituting the figure illustrating acid-treated PP-PE

fibrous shapes and their surface state of a comparison



maki ng the surface hydrophilic and fornmed on the - 26 surface, which is a
curved plane of the fine particle; FIG 22 is a schematic figure
illustrating the step of stirring and drying a PP fine particle coated
with a treatnment solution by warmair blow 5 FIG 23 is a step figure
illustrating one exanple of a nanufactnr%%g'step of an el enment having a
reformed surface by the present invention; and FIG 24 is a figure
schematically illustrating one exanple of a presupposed distribution of a

hyd hi i i ' jected t

Yrophi |1 gl o0 A QRNID! B Q5 T LG STSREE L Sph o 10

THE PREFERREI%@@%&/EM’%% g’gf}swface nodi fication nethod of the present
e desir

i nvention allows ed surface nodification of an elenment by

attaching a polymggrdoridinely Séma&g&ggﬁggﬁgxbﬁffgﬁﬁﬁggﬁ¥9i%§5§%%%Lfhereof)

to the surface the elenment has in a specific orientation wh tilizing

the funct i onaluge i eing hend | Kegithd oy 1hovrdibl Rpul fedeu aimeg i n the

material constituting the elenment surface has, to inpart the properties

associ atgd W fiptdes Pohapes 4 Eheet YsdF fedd etz ask 4X adicdipideseof) to

the surface. 25 The "elenent" used herein nmeans the one made of various
mat eri al s and( 4 akpeE af Speshd | gbsodtsmel tsdwapel td ey afyddphild@as; an
exposed external surface 27

FIG. 19 is a SEM photograph of 500 magnifications
substituting the figure illustrating treated PP-PE
fibrous shapes and their surface state of an example 2

10 (a PP-PE fibrous absorbent treated to be hydrophilic);

FIG. 20 is a SEM photograph of 2,000
magnifications substituting the figure illustrating
treated PP~PE fibrous shapes and their surface state of
an example 2 (a PP-PE fibrous absorbent treated to be

15 hydrophilic);

FIGS. 21A, 21B, 21C and 21D are figures
illustrating an example of application of the surface
reforming method of the present invention to the
treatment of making the surface of a PP fine particle

20 be hydrophilic and FIG. 21A is a schematic figure of an
untreated PP fine particle, FIGS. 21B and 21C are
respectively schematic figures illustrating the PP fine
particle coated with an agent for making the surface
hydrophilic by the treatment of making the surface

25 hydrophilic, and FIG. 21D is a schematic figure

illustrating the coating containing the agent for

making the surface hydrophilic and formed on the



associated wth the external shape. Mreover, it may contain voids,
cavities or hollows, each containing the section which is in comunication
with the outside. The internal surface (internal wall surface) which 5

di vides the section may be the partial su %ace to be treated by the surface
modi fi cati on nethod of the present inventfon. The holl ow nmay have an
internal surface by which it is fractionalized, and may be conpletely

i solated fromthe outside. However, such a 10 holl ow can be subjected to the

treatment by &g?fgégse ﬁ”Y ”é'@@rvé8b%?0re t Pffe SH $éC§ {{fg%g?nt

solution can fie s i nsi| de e nDdl ication r eat ment

and becones |solatnger%L %feogéﬁéﬂgtfétﬁi%u£$elii €f€§E g lendhe surface

modi fi cati on net hod of sent 1 nventidon Is app to any surface,

out of all sgrfgces étyethggaﬁ& FEPindas . pﬂnkbn&hbgbtiéﬁesaééeé&
treatnment solution can be brought into contact with fromthe outside

Wi t hout damagipght Betpbemeht S8apPetidl BPewdanhtadt sLskAce to be treated
i ncludes external surface of the elenent, internal surface in

conmuni c@ti on therewgt h23and @OéhepNbﬂgﬁt@ailImeiatImngﬁéIéﬁa@@l@artia|
surface(s) selected and fractionalized fromthe surface to be treated is
W thin 25 t heoscapeantifateupiegestep nwenan oal ediependaving@na thefoseeé@ct i on,
t he enmbodi nent of selecting the external surface of an elenent and its
i nternal surfagefaoce-bP8theopresentt inventboen amdi s i ncluded in the
nodi fication
FIG. 24 is a figure schematically illustrating one
example of a presupposed distribution of a hydrophilic
10 group and a hydrophobic group in the surface subjected
to the surface reforming treatment by the present

invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

15 The surface modification method of the present
invention allows the desired surface modification of an
element by attaching a polymer (or finely
fractionalized (fragmented) product thereof) to the
surface the element has in a specific orientation while

20 utilizing the functional group or the like which the
molecule contained in the material constituting the
element surface has, to impart the properties
associated with the polymer (or finely fractionalized
product thereof) to the surface.

25 - The "element" used herein means the one made of
various materials and taking a specific external shape.

Therefore, it has an exposed external surface



of the desired partial surface region. In the nethod of the present

I nvention, a partial surface, i.e., at least a part of surface an elenent 5
has, to be nodified is treated. In other words, the surface of an el enent
selected as required is treated partly % totaIIy The el ement shape is not
limted. It may be sheet-shaped, yarn- sh fibrous, spherical, 10
particul ate, tubular or in other shapes, |ncluding distorted one. The

pur pose of the elenent is also not I|imted. The surface nodification nethod

of the  pres Qés&?ﬁ%‘ééoﬂltﬁ é’t@é"% E'e%r?af‘ ﬁ%ﬁé{*;”tmé o@&corfi@gﬁg%thh its

speci fic purpose e el enent generarl a materi uitable
for its purpogg.tafnGyoidsaStdditi §'6‘r &L Alws 9! {] %!,e%@er
which utilizes the natural nateri a a materla sim ar t eto, e.g.

synt hetic | eaéé@floﬂ_hﬁh%h’if%em r@&hxﬁu&f&éﬂbmm e thgPigsent invention

is 20 appllcable In principle, to any surface of elenents nade of various

nmaterials. Thene sihféffaBNs et £ABE (IREernSEdvdEr edurf4\6d Yd@sich he surface
the el enment itself orlglnally has and the elenment surface treated by a

certai n sret hodiv2@ed hehe f saet yoh riagy | o athe eshpol ynesur fisesl erieen i ncl udes
fromthe polyner fractionalized at its part to the nononmer for the pol yner.
Vi ewed from tteepted eby ethe 20r faodatbdifit satidn imethwisofinghe ype of pol yner
cleaved in the presence of a cleaving catalyst, e.g., acid. The
present invention. The hollow may have an internal
surface by which it is fractionalized, and may be
completely isolated from the outside. However, such a
10 hollow can be subjected to the treatment by the present
invention, so long as the surface treatment solution
can be applied to its inside before the modification
treatment and becomes isolated from the outside after
the treatment.
15 The surface modification method of the present
invention is applicable to any surface, out of all
surfaces a varying element has, with which the surface
treatment solution can be brought into contact with
from the outside without damaging the element shape.
20 The partial surface to be treated includes external
surface of the element, internal surface in
communication therewith, and both. Modification of
properties of partial surface(s) selected and
fractionalized from the surface to be treated is within
25 the scope of the present invention. Depending on the

selection, the embodiment of selecting the external

surface of an element and its internal surface in



"polymer made into film includes a substantial film and filmoriented
differently region by region relative 5 to the two-di nensional plane. The
principle of surface nodification is described nore concretely by taking
modi fication of a surface conprising si e material as the exanple, to
facilitate explanation of the principle. It is preferable that the
"pol yner" used herein conprises two sections, the first one having a
functional group and second one having interfacial energy which is

different Trosid@hiolelf? {HOCLULER 1< HRudla LK {hd ShoapPiLapiand al most

equi valent to 15 surface energy of the elenment to whic

attached, andyfhgheidessrdhfherentl fs@rrdide fRLSHhal  which constitutes the
el enent surface. The desirable polyner may be adequately selected from

those having inteffaghdl netgs@yos! tRstpLssbyel et ©ish) facsarpespy 20 of
the elenment to which it is to be attached, depending on the conponents of

the el ement. &briscaDre.epleierobbetthapatbent pohyrate dnreidméntnvention
can be cleaved and subsequently condensed. It nay have a functional group

i n addi tson twashetd e seedipisd 2bs dessdtddd ahwvethén worcds A €lase, it 1S
preferable, when hydrophilicization treatnment is taken as an exanple, that
t he hydrophi | serfiaoepofisah helément | sabécted@las gregyired of s | tnggtedhai n t han
any functional group other than that in the above first or second section,
whi ch is nor epaytippbobtetahdn. t he above hydrophilic
The element shape is not limited. It may be
sheet-shaped, yarn-shaped, fibrous, spherical,
10 particulate, tubular or in other shapes, including
distorted one. The purpose of the element is also not
limited. The surface modification method of the
present invention is applied to an element in
accordance with its specific purpose. The element is
15 generally made of a material suitable for its purpose,
e.g., plastic, resin, metal, glass, paper or leather
which utilizes the natural material, or a material
similar thereto, e.g., synthetic leather. The surface
modification method of the present invention is
20 applicable, in principle, to any surface of elements
made of various materials.
The "surface an element has" used herein includes
the surface the element itself originally has and the
element surface treated by a certain method.
25 The "finely fractionalized polymer" used herein

includes from the polymer fractionalized at its part to

the monomer for the polymer. Viewed from the preferred



group. 5 The portion to be surface-treated by the present invention may be
conposed of a single material or conposite material of two or nore types of
materials, and also may be of a polyner different fromthe constituent of
the el ement in consideration of naterialé%O for the surface to be treated.
(Principle of surface nodification) Surt 2 Trodi fication of an el ement by
the present invention is effected by utilizing a polynmer serving as the
surface nodifier which conprises the main skel eton 15 (generic termfor one

or more groupgyl s NG {1 N, 075 o o ffe SNl ;ﬁ%es‘t’@% %?@ar?éexg;{&[%évgé’““d’ the

. an
mai n  skel eton having interfacial energ Surtace

(interfacial )tl%‘gérfgé/sé)n{cl:é rz%f el eEM, f%l#%'%%s{ﬁﬂ e é&g& _a;:?rl?gnd t he

group having | acl a energy diftferent flace (1 n cial)

energy of the, & GENinsdE fACk MEhel dNead®id ssdelonidel psimthe pol yner
attach to the el enent surface while the group helps formthe polyner film

(coating |ayeiga ©fifNd+ih€ed Wi e droit I ersd Bie Ny Stid #6€. relba dikge pol yner
serving as the surface nodifier for the present invention, when viewed from

a differgnt ehnotge HAS-dieny®taDfipOimalps, the first one having - 31
affinity essentially different fromthat of the group exposed to the

el ement surface befigs eprhk:{pLaitd Hrsutfte tied SELEHIEL 106 & ade Sigr fthéd ni ty
essentially simlar to that of the exposed group and being contained in the
more concretely by taking modification of a surface
comprising single material as the example, to
facilitate explanation of the principle.

10 It is preferable that the "polymer" used herein
comprises two sections, the first one having a
functional group and second one having interfacial
energy which is different from that of the functional
group of the first section and almost equivalent to

15 surface energy of the element to which it is to be
attached, and that it is different from the material
which constitutes the element surface. The desirable
polymer may be adequately selected from those having
interfacial energy almost equivalent to surface energy

20 of the element to which it is to be attached, depending
on the components of the element. It is more
preferable that the "polymer" for this invention can be
cleaved and subsequently condensed. It may have a
functional group in addition to the two sections

25 described above. In such a case, it is preferable,
when hydrophilicization treatment is taken as an

example, that the hydrophilic group as the functional



5 repeating unit in the main skeleton. FIGS. 1A and 1B schematically
illustrate the representative orientation types, FIG 1A nodeling a
polymer with the first group 1-1 and second group 1-2 bonded as the side
chains to the main chain 1-3 of the 10 _su:%ace nodifier, while FIG 1B a
pol ymer with the second group 1-2 constituting the main chain 1-3 itself
and the first group 1-1 constituting the side chain. In the orientation
shown in FIGS. 1A and 1B, the outernost (outside) surface of the substrate

6, which 15 §g$%%gi€fq? %gﬁ?éyréﬁgfnoéhéﬁm%ﬁ§eﬁ@ﬁgt%é?$§r%ﬁ§& ce nodified,

has the first ng rnterfacial ‘“energy rom surface

(interfacial )oERSF OYnh thbe SHDEhE albode PIESPISH S8-4RE SME{pss. As a

result, the properties associated with the first group 1-1, 20 having

interfaci al epri&N f&fh6Fr&nhydrOPhELE agitan (11K eibsed at');)d%';?ﬂﬁl/iéf the
substrate 6, are utilized to nodify the elenment surface. It should be noted

that surfacegtbwperfacial) energy of the substrate 6 is determ ned by the
mat eri al / nol ecul e which constitutes 25 the surface and group 5 exposed to

the surface. Mre TRONSHGELELY, td Nbé heueraEP! €rsdiovd by thé&Sprdfensnd 1B, the
first group 1-1 works as the functional group for - 32 surface nodification

to nake the sidséniaien tmayrbaceompysksdpdf |4 csindibe mdreesidbbtsate 6 surface
is hydrophobic and first group 1-1 is hydrophilic. Wien the first group
1-1 i s hydropbohposhbel mgavepidl eaposen &r tnordetyped ac mateéhbaks de of
substrate 6 is

and also may be of a polymer different from the

constituent of the element in consideration of material

10 for the surface to be treated.

(Principle of surface modification)

Surface modification of an element by the present
invention is effected by utilizing a polymer serving as
the surface modifier which comprises the main skeleton

15 (generic term for one or more groups in the main or
side chain) to which a group is bound, the main
skeleton having interfacial energy almost equivalent to
surface (interfacial) energy of the element surface
(substrate surface) and the group having interfacial

20 energy different from surface (interfacial) energy of
the element surface, wherein the main skeleton helps
the polymer attach to the element surface while the
group helps form the polymer film (coating layer)
orienting outward from the element surface.

25 The polymer serving as the surface modifier for

the present invention, when viewed from a different

angle, has two types of groups, the first one having



hydr ophobi c, e.g., when polysiloxane is used as described later, it is
considered that the conditions shown in FIG 24 are present on the
substrate 6 surface. Under these conditions, it is possible to 10 adjust,
when water or aqueous solution mainly c rising water i s passed over the
modi fi ed substrate 6 surface, the flow ditions or rate at which water
or aqueous solution is passed by adjusting the bal ance between the

hydr ophi Il i ¢ and hydrophobi c groups on the 15 surface of substrate 6

rodi f1 ed.  Sucl @y UGS a0 SHGUSHY & AL Gl S ey A1J 3095, e

functional dtoup's 1ed’ From% he pol yier het- gfouf® havi ng

roperties di hoss t td . . suhsirate
gur Pace (el enéegrﬁ%se% Jés%?t;na%e to egIet tgr.{graf{éeggﬁc,ﬂ% 0 [Sar oﬁigﬁq%éctl%dvleébnec# fect
when t he funcgty ' pdd e t.hqr. I '
hydr ophobi c. qﬁ%%%ﬁ?%é ?B%ﬁq)%sélnr%yﬁﬁ%%ﬁdﬁc% Ysus% aq{%yIl S%Oy t he

met hods used diofe BRI Sdq dRRAI hath 1351, Waal et dhf e ther eto.

These conditions nmay suitably applied to a variety of materials and

elementss e. Gepd and vesseire yihandidygpd.iquid, to produce the above
effect by adjusting the balance - 33 between the hydrophilic and

hydr ophobi c groupsrrdd). SIEh® HSEshdmerfadicty onaluiride adie have a | onger
chain than the other group. In particular, when the el ement surface
structure 5 rgpfeddtstBre tdieidnteeriash shpes | IFTd .G124%oddleing a

polymer with the first group 1-1 and second group 1-2

bonded as the side chains to the main chain 1-3 of the

10 surface modifier, while FIG. 1B a polymer with the
second group 1-2 constituting the main chain 1-3 itself
and the first group 1-1 constituting the side chain.

In the orientation shown in FIGS. 1A and 1B, the
outermost (outside) surface of the substrate 6, which

15 constitutes the surface of the element to be surface-
modified, has the first group 1-1, having interfacial
energy different from surface (interfacial) energy of
the substrate 6, oriented on the surface. As a result,
the properties associated with the first group 1-1,

20 having interfacial energy different from surface
(interfacial) energy of the substrate 6, are utilized
to modify the element surface. It should be noted that
surface (interfacial) energy of the substrate 6 is
determined by the material/molecule which constitutes

25 the surface and group 5 exposed to the surface. More
concretely, in the example shown in FIGS. 1A and 1B,

the first group 1-1 works as the functional group for



hydrophilic group 1-1 is a polyner group and is |onger than the nethyl
group (hydrophobic group) in the side chain on the sane side. Therefore,
when an aqueous solution is passed over the el enent, the hydrophilic 10
group 1-1 slants toward the el enent surjagg (or inner plane) under the

I nfluence of the flowrate (and, at the me tinme, substantially cover the
nmet hyl group). As a result, resistance to flowis greatly decreased.
Conversely, when the aqueous solution is to be held 15 over the el enent

surface, the %%pf%{ggi&l%&igigé'ei%ltosrfné@gstﬁgaéﬁﬁ t1dle SO Wit Plee! - €

oriented int rection perpendicular to the element surface (or inner

plane), as a feapbbnelihi GhohhengebiybcE8ouP | Sur Lxposed Lo the fiber
surfaces, makihg hydrophilicity 20 predom nant over hydrophobicity at the

i ntra-nol ecul %dr&ﬁﬂ@ﬂai&'&?&%@f@t gréwhfici end Wp@rbphy1 £k, t hgnegol ution

can be held. e polymer preferably has nany (at |east two or nore)
hydrophilic gtRepsirs® §e6upel-1hesfupatbpni Pictied hyssephs | égpsseap 1- 1.

This is 25 illustrated by Exanple which uses pol yoxyal kyl ene- pol y(di net hyl
si | oxaney havtdgthdesliydaoahbhi €hgr sige lof Isubstrataugbes of -C 0-C  bonds
and OH group as the - 34 termnal group. Wien the polymer has the nethyl
group repl acedabyprobiterebydr ophehi polyoipoxahe hydisphi asc group
preferably has a higher nol ecul ar weight than the hydrophobic group, to
occupy a | argéesspabed laterheitbiwocdssidéred that etladl eondihtia@ndal ance i s
produced in such a way that hydrophilicity is predom nant over
shown in FIG. 24 are present on the substrate 6
surface. Under these conditions, it is possible to
10 adjust, when water or aqueous solution mainly
comprising water is passed over the modified substrate
6 surface, the flow conditions or rate at which water
or aqueous solution is passed by adjusting the balance
between the hydrophilic and hydrophobic groups on the
15 surface of substrate 6 modified. Such a surface
structure allows to alternately arrange the functional
group supplied from the polymer P and the other group
having properties different from those of the
functional group on the substrate surface (element
20 surface to be treated), to produce the above effect
when the functional group is hydrophilic and the other
group is hydrophobic.
These surface conditions may be produced suitably
by the methods used for Examples later described,
25 although not limited thereto. These conditions may be
suitably applied to a variety of materials and

elements, e.g., tubes and vessels for handling liquid,

to produce the above effect by adjusting the balance



hydr ophobi city. The surface structure comng into contact wwth water in the
present invention is applicable, as 10 required, to the bal anced hydrophilic
and hydrophobic groups handling liquid other than water. For exanple, the
el ement may be coated with a polymer P having the [|onger-chain hydrophilic
group and shorter-chain hydrophobi c group3arranged alternately for the
surface 15 coming into contact with a liquid to be held over the surface.
When the substrate 6 is of polypropylene and polyner P is

pol yoxyal kyl ene- pol y(di net hyl sil.oxane the group 5 exposed to the
Substrate & RRTHREN e hyRIRLLoRRd JHSRRPhARIQ F QRS r A 6 has
surface ener of approxi nate 3d C due to.the nethyl roup which
has surface eﬁ%‘bf hpr r#dilr@%i}oz‘}éq (ﬁgﬂ‘tﬁncaﬁé’aﬁ’(ﬂ ﬂ&cﬁt&%& si | oxane)
section of the polymer P of polyoxyal kyl ene-pol y(di nethyl siloxane), 25
havi ng net hy|°qt"i-’cﬂa§§/had} JdK foatg'?er‘fyg S{':r\gjé‘po‘utsi de, has surface energy of

approxi mately 23 n/ cm IS al.nost eq%ivaleq; tQ that e Substrate

6, due to - 35 - t fﬁﬁrtgilrc:i[)uulpér"l' e eﬁ‘oltyho%y%%(mﬁnenesu(ﬁ 501 ysg%];(r)}}acf &fi%ene-
POl V(8 L £ AR (Sl ot S T6RET B o i st 6, e
oxyal kyl ene G hpK 1132 d2ddi 11 TE LI Ema Grdlf HEPSI aldhded S Of
than the methyl group (hydrophobic group) in the side
chain on the same side. Therefore, when an agqueous
solution is passed over the element, the hydrophilic
10 group 1l-1 slants toward the element surface (or inner
plane) under the influence of the flow rate (and, at
the same time, substantially cover the methyl group).
As a result, resistance to flow is greatly decreased.
Conversely, when the aqueous solution is to be held
15 over the element surface, the hydrophilic group 1-1
stands against the solution, i.e., oriented in the
direction perpendicular to the element surface (or
inner plane), as a result of which the methyl group is
exposed to the fiber surfaces, making hydrophilicity
20 predominant over hydrophobicity at the intra-molecular
level. Therefore, a sufficient quantity of the
solution can be held. The polymer preferably has many
(at least two or more) hydrophilic groups, to secure
the function of the hydrophilic group 1-1. This is
25 illustrated by Example which uses polyoxyalkylene-
poly(dimethyl siloxane) having the hydrophilic group 1-

1 with a number of -C-0-C- bonds and OH group as the



pol ypropyl ene and polynmer P is pol yoxyal kyl ene- pol y(di met hyl sil oxane)
(shown in FIGS. 1A and 1B), the 10 pol y(di methyl siloxane) section serves as
the main chain 1-3, nethyl group in the poly(dinethyl siloxane) section as
t he second group 1-2, and pol yoxyal kyl ene section as the first group 1-1
(side chain). One of the nethods for pro@&crng the el enment 15 having the
nodi fi ed surface shown in FIGS. 1A and 1Bis concretely described. It uses
an inprover which is a good solvent for the polyner as the surface nodifier

and inproves wettability of the treatnment agent wt t he sybstrate. This
met hod spr ead€HHE @éytor‘r‘é’nt f@‘esnol é’ﬁtl fé@«? H:E‘&i fie Ygolglfﬂ‘ﬁ’n) 8, in
whi ch the pal r t he syrfac difier. is_unifor dissolved, over the
substrate sur‘f%’rcig’,cegﬁ(?yorainé%hsert ra%& - CadTHRe 53‘%/ é‘é’gsrr?@&\ 'St as
descri bed abaqve, while rengvin t he .sol vent .in the tre solution 8. 25
Nor e concr ot Gy UBh BESHeR e 1, dibs i L8Biel st ele1eE, eIt Rl s Vg s

gi ven quant | 4% HLADBROL . 40 HERAGe 163 ALY Shat 2 0l WRRlrhi ch Ts @

good - 36 sol'ven rt ner ‘an iciently wettable wt

substratse surf ,elitth?l.&ffﬁre%@ﬁébq%mtﬂa@ apwaqgnva%t 9l pMIuIRe sfinct i onal

group serves as t ophiltc group. The substrate is coated wth the 5

above sol uti O 4 hfa S WHAC hyddbhingali®d Q% preeffialn?cder Ng (e.g., in
an oven at 60C) to renove the solvent in"the surface treatnment solution. |

i's preferabl efaiogH¥biiasent i nvention to use

t

The surface structure coming into contact with

water in the present invention is applicable, as

10 required, to the balanced hydrophilic and hydrophobic
groups handling liquid other than water. For example,
the element may be coated with a polymer P having the
longer-chain hydrophilic group and shorter-chain
hydrophobic group arranged alternately for the surface

15 coming into contact with a liquid to be held over the
surface.

When the substrate 6 is of polypropylene and
polymer P is polyoxyalkylene-poly(dimethyl siloxane),
the group 5 exposed to the substrate 6 surface is

20 methyl (-CH,) group, and the substrate 6 has surface
energy of approximately 23 dyn/cm, due to the methyl
group which has surface energy of approximately 23
dyn/cm. The poly(dimethyl siloxane) section of the
polymer P of polyoxyalkylene-poly(dimethyl siloxane),

25 having methyl (-CH,) group facing the outside, has
surface energy of approximately 23 dyn/cm. It is

almost equivalent to that of the substrate 6, due to



an organi c solvent which is sufficiently wettable with 10 the substrate 6
surface and, dissolves the polyner P as the surface nodifier, in order to
facilitate uniform coating of the surface with the polynmer for the surface
nodi fication. One of its other effects is to keep the polynmer P uniformy
di spersed in the liquid |layer 15 spread‘&V%r'the surface and sufficiently

di ssolved therein, even it is concentrated as the solvent is evaporated.
In addition, the polynmer P as the surface nodifier is uniformly spread over
the substrate 6 ur f because of sufficient wettability of the 20
surface treat%qy cﬁacflon with the surface, wwth the result that the

?Eref §ﬁ?f ace 1 cat it %"oa%ﬁ%“‘.%f@fn%% 55 oA 14 m%afyﬁei"g}" sol §2§F§d
21 goo:jr :E)I Sgﬁéﬁﬁrﬁgﬁaﬁl yrrercg%, 2‘%%% s(ggéo[t dlg%ne al ti&ftrﬁ'h %Eér?tnlg S ggod

sol vent, | esstls{@télﬂpé@rélxé% "E t t}fuéu%t IGH esfro"ggconm naf@é:lqn dels&u olatile

than the first one t he exanpl es tion of 1sopropyl

al cohol gnd  yel:efacdlestigied d2tes 4d Giyd i PP SfjmbARaLL SR serving

as the surface for the substrate, whichs coated Wt
polyoxyalkqunqnpaby@ﬁ.npghyl si | oxane) as the polyner. Addition of an acid
7 as the cleavage catafyst to the surface treatnent solution is considered

to bring about thehd:dfsws Noviedrd el . st eis A i ng t he

polypropylene and polymer P is polyoxyalkylene-
poly(dimethyl siloxane) (shown in FIGS. 1A and 1B), the

10 poly(dimethyl siloxane) section serves as the main
chain 1-3, methyl group in the poly(dimethyl siloxane)
section as the second group 1-2, and polyoxyalkylene
section as the first group 1-1 (side chain).

One of the methods for producing the element

15 having the modified surface shown in FIGS. 1A and 1B is
concretely described. It uses an improver which is a
good solvent for the polymer as the surface modifier
and improves wettability of the treatment agent with
the substrate. This method spreads the treatment

20 solution (surface modifier solution) 8, in which the
polymer as the surface modifier is uniformly dissolved,
over the substrate surface, and orients the polymer as
the surface modifier as described above, while removing
the solvent in the treatment solution 8.

25 More concretely, a surface treatment solution is
prepared by dissolving a given gquantity of the polymer

and cleavage catalyst in a solvent which is a good



10 evaporation/drying step of the surface treatnent solution, the acid
conponent increases in concentration as the solution conponents evaporate.
The acid of increased concentration under heating accelerates partial
deconposition (cleavage) of the polyner P as 15 the surface nodifier and
production of the finely fractionalized $Iymer P, allowing themto be
oriented in the finer portions on the substrate 6 surface. Another effect
i s expected. Reconbination of the cleaved sections of the polymer P during

the f11m (coabPhOS 0 FPRtPEI DRLANBE ceb et i SopELy pebisbre woEA™ O O
reconbi nation referably the nnnonng culagp fil Sti]l.another effects is
expect ed, cIeﬁﬂgdsﬁgsgﬁﬁg?rﬁPﬁf%c§Urf gePIQ%%r%Bf% CONBBNRRLPBFCi ner eased
concentration$§@%5a %ﬁéﬁ'%ggffﬁﬁﬁ gégé'ogrgégtgg¥véglg§n£hguring t he
evaporation/d ‘0 e r - r nen ol Ution~8, nore
e¥fPCie”;'y 'k |¥8 ni} fRY Lg' S TR0 LhFs PQéérféecéau gfﬁ £n3Pflet he
vicinity theregg, ?o c?ga% %é'su@s%la?e g surface. ﬁ%e c%eane surface is
expectedsto PLoIPLesBINELGA! of BHOCSLPPaE! WERA thg BLlSbyal e

mat eri al nnlecu?gs an poﬁyner as t%e surface nDdi?ier. he aci d of
increased congeRbbRhtPANYAEGInGeaEl §9, PR &A YoWles 08P0665CH heo SHEREGAL €

surface, producing the active sitesS thereon, which may cause the auxiliary
10 reactions pREWESMvERESEnSthESsaPfaté Nelyathast| 98htI64.
It is preferable for the present invention to use

an organic solvent which is sufficiently wettable with

10 the substrate 6 surface and, dissolves the polymer P as
the surface modifier, in order to facilitate uniform
coating of the surface with the polymer for the surface
modification. One of its other effects is to keep the
polymer P uniformly dispersed in the liquid layer

15 spread over the surface and sufficiently dissolved
therein, even it is concentrated as the solvent is
evaporated. In addition, the polymer P as the surface
modifier is uniformly spread over the substrate 6
surface, because of sufficient wettability of the

20 surface treatment solution with the surface, with the
result that the surface is uniformly coated with the
polymer, even it has a complex shape.

The surface treatment solution 8 may be prepared

by two types of solvents, the first one being wettable

25 with the substrate 6 surface, volatile and a good
solvent for the polymer P, and the second one, although

being a good solvent, less wettable with the substrate



(cl eaved) polyner, described above. Depending on conditions, chem cal
adsorption of the auxiliary surface nodifier on the substrate partly hel ps
stabilize adhesion of the surface nodifier to the 15 substrate. The main
skel eton of the surface nodifier (including the hydrophilicization
treatnment solution 8), having surface En§79y al nost equi valent to that of
the substrate 6, is cleaved, and the resultant finely 20 fractionalized
parts are condensed with each other to forma polyner filmon the substrate

6 f . F ti f th I frlmi | ained b f ' t

e oF, o B RbEataotat el YER Lt bRt SeeEs Pnd ST ERTHR 1o o
i npart hydropghlicit 19 the 25 h gngggobic §ubs&rat furiggﬁ.lThed

hydr ophi lic groﬁpexﬁegngstﬁg 8n%oﬁa%|nglans?ru% UPEO§%IC% canolnﬁgrt

hydrOphiliCit%a@grtggeggg'ﬁegrQQgerLtﬁBPCkggféog%éléginbﬁgéggh%%%gngrOUp

itself, and even a’group having ydr op aln or rop IC group,

so long as itseE@iﬁgbééi%Hée?g¥%%eeaf8¥d£98héhhgtgéeﬁp @hitheikike to  be

servi ceabl e as a group capab Imparting 5 hydrophilicity. FIG 2 is an

enlargedsviGMbbgkeat&ékhngo§98xyaxﬁ999héLbsi;@aiﬂ@tﬁgfaéﬂﬁakaﬁebusgon 8
spread over the substrate surface.” At this stage, the polyners Pl to P4 as

the hydrophil ikpbzgbigReggent in the 10 hydrophilicization treatment solution
8 and acid 7 are uniformy dissolved in the hydrophilicization treatnent

Addition of an acid 7 as the cleavage catalyst to
the surface treatment solution is considered to bring
about the following effects. For example, during the

10 evaporation/drying step of the surface treatment
solution, the acid component increases in concentration
as the solution components evaporate. The acid of
increased concentration under heating accelerates
partial decomposition (cleavage) of the polymer P as

15 the surface modifier and production of the finely
fractionalized polymer P, allowing them to be oriented
in the finer portions on the substrate 6 surface.
Another effect is expected. Recombination of the
cleaved sections of the polymer P during the final

20 stage of the evaporation/drying step accelerates
formation of the film (coating) of the polymer produced
as a result of the recombination, preferably the
monomolecular film.

Still another effects is expected, cleaned

25 substrate 6 surface. The acid component of increased
concentration, as a result of evaporation of the

solvent during the evaporation/drying of the surface



solution 8 over the substrate 6 surface. FIG 3 is an enlarged view

illustrating the drying step for the hydrophilicization treatnment solution
spread over the 15 substrate surface. During the drying step under heating,
the acid 7 conponent increases in concec%éation as a result of evaporation

of the solvent to nore efficiently reno inpurities fromthe substrate 6

surface and vicinity thereof. This effect 20 of cleaning the substrate 6
surface exposes the pure substrate 6 surface, to pronote physical adhesion

betveen the SUBSL{@Le 6sSHILAGE BNUBOLYIEEL Pled 1 Phdfoydbe surface

nodifier. At the same tine, the aci conponent 1 ncreased in

concentrationm@srPe{&SUtLoRT the SYBPOFratd 0f) Sirfdce Sohaepheunder heating
during the drying step for the hydrophilicization treatnent solution 8

spread over t{fcHedreherfosUr£3CElean 4bhe A6 BF @t &6 Pt fake Cl eavage of
the polyner P1 to P4 as the hydroph|I|C|zat|on agent. FIGS. 4A and 4B

schemati cal | yrhé | ¢Bé 43¢ €@ SsubLEEEPOS| ékPectdd tHe pebyses PHydycahe
concentrated 5 acid 7. As shown in FIG 4A, the concentrated acid 7 acts on

t he pol ysrer Ridhé®ich cbwewéde the nseletedtsn Material méhechlestandal i zed
products Pla and Plb as shown in FIG 4B. FIG 5 illustrates adsorption of
the fractionablymesr hyslropdi sucfaadioodiafibet. on the 10 substrate 6. The main
skel eton (having surface energy al nost equivalent to that of the substrate
6) of the fracti dhia¢iaeidpobdimtseased®| gonceirdbatiom tidepohgaking
partly decomposes the substrate surface, producing the
active sites thereon, which may cause the auxiliary
10 reactions between these sites and finely fractionalized
(cleaved) polymer, described above. Depending on
conditions, chemical adsorption of the auxiliary
surface modifier on the substrate partly helps
stabilize adhesion of the surface modifier to the
15 substrate.
The main skeleton of the surface modifier
(including the hydrophilicization treatment solution
8), having surface energy almost equivalent to that of
the substrate 6, is cleaved, and the resultant finely
20 fractionalized parts are condensed with each other to
form a polymer film on the substrate 6 surface.
Formation of the polymer film is explained by referring
to FIGS. 2 to 8 for the case where the functional group
1-1 is hydrophilic to impart hydrophilicity to the
25 hydrophobic substrate surface. The hydrophilic group

means the one having a structure which can impart

hydrophilicity as the whole group. It includes a



P constituting the hydrophilicization agent are selectively oriented on the
pure substrate 6 surface 15 exposed as a result of the cleaning, as the

sol vent evaporates and the fractionalized products reach a saturation
concentration in the solution. As a resul% the group 1-1 (having surface
energy different from that of the substr ?e in the surface nodifier 20
outside of the substrate 6 is oriented toward the substrate. Thus, on the
surface of the substrate 6 the main skeleton of the fractionalized polyners

Pla to Pdb &,ggyrgm.gcsrgggr%@igvsgm&%u,g@'snggr&&ptlbg\sl he 25

Substrate 6 ar rou 1 having surface” energ i fferent

from that of ﬁ? réb‘f?qéi §1hsor01rdz ﬁﬁoﬂi‘& Ore V\%en tﬁeoPPosed

direction to t trate 6 surface. group 1-1 is

hydrophilic, the §H§§i£@£@d6w§eﬁfac BESHRES: c hyHb@phbti ehandliks Bdi fi ed.
FIG 6 SChEﬁHtICg ly illustrates tﬁ% hydroph|P?C|§gt|on agen% adsorbed on 5

the substrat epsusépGeecabierashg §H6UErcasabPEcafl amfartingd. Wen a
specific polyner, e.g., polysiloxane, is used, fractionallzed products Pla

to PAb apse rexpaboprUlivit{i.each other at | east partly by condensation, to
10 produce the polyner of higher nolecular weight through the bonds
(reconbi nati on sitEsGC f2oisedanbygnlsoge@nshdwon)ludbrstimag ther ease strength
of the <coating filmof the hydrophilicization agent. Wen
hydrophilicization treatment solution 8 spread over the
substrate surface. At this stage, the polymers Pl to
P4 as the hydrophilicization agent in the
10 hydrophilicization treatment solution 8 and acid 7 are
uniformly dissolved in the hydrophilicization treatment
solution 8 over the substrate 6 surface. FIG. 3 is an
enlarged view illustrating the drying step for the
hydrophilicization treatment solution spread over the
15 substrate surface. During the drying step under
heating, the acid 7 component increases in
concentration as a result of evaporation of the solvent
to more efficiently remove impurities from the
substrate 6 surface and vicinity thereof. This effect
20 of cleaning the substrate 6 surface exposes the pure
substrate 6 surface, to promote physical adhesion
between the substrate 6 surface and polymer Pl to P4 as
the surface modifier. At the same time, the acid 7
component increased in concentration, as a result of
25 evaporation of the solvent under heating during the

drying step for the hydrophilicization treatment

solution 8 spread over the substrate 6 surface,



pol ysi |l oxane is used, the siloxane section may be 15 di ssociated by the
concentrated acid 7, after it is adsorbed by the substrate 6 surface, to be
condensed w th noisture 11 in air 9 through the reconbination sites C,
further stabilizing the adsorbed conditions. FIG 7 schematically
illustrates the reconbination by 20 cond ation of the dissociated sil oxane
section with noisture 11 in air. The nechanisns involved in the cleavage
to formthe fractionalized products and their reconbination to produce the

condensed pO'ggg?g]zAéJﬁéeso&$ﬁﬁﬂ E‘cllﬁéé‘l}dalagié‘%% bcfﬂeo‘%fh%ézhepfaéc? #1 as

pol ysi | oxane as ymer. ute acid I‘ncreases 1n

concentratioqﬂé1Egéyééyﬁﬁfg§aé{€§?{gg%ﬂéplution 8 as the solution spread -

42 over the surf e treat led in a controlled nmanner. The

concentrated acid prds. ta 45PN LRaUESic4NG Sl fand in pol ysil oxane
into the fractionalized polysiloxane products and silylsulfuric 5 acid

(Schenme 1). Thassnidaotignads zath POdHdS pl Y @R ddhdesdddation in the

surface treatnment solution 8 as the solution spread over the surface to be

treated g s fuddrery drigg, shdvat easi g prapabind teorfen et taded vieen t hem
As a result, the fractionalized 10 products undergo condensation with each

other, to repasiuse the solymenebonsts diehairethy .malhie sdlwdon grozip in the
silylsulfuric acid as the by-product is oriented toward the surface to be
treated, whenintwe tisrfmaetiondlibkeabpindyctand td el Fineagrshgwn S
in FIG. 4B. FIG. 5 illustrates adsorption of the
fractionalized hydrophilicization agent on the
10 substrate 6. The main skeleton (having surface energy
almost equivalent to that of the substrate 6) of the
fractionalized products of Pla to P4b from the polymer
P constituting the hydrophilicization agent are
selectively oriented on the pure substrate 6 surface
15 exposed as a result of the cleaning, as the solvent
evaporates and the fractionalized products reach a
saturation concentration in the solution. As a result,
the group 1-1 (having surface energy different from
that of the substrate 6) in the surface modifier
20 outside of the substrate 6 is oriented toward the
substrate.

Thus, on the surface of the substrate 6 the main
skeleton of the fractionalized polymers Pla to P4b
having surface energy almost equivalent to that of the

25 substrate 6 are oriented, and group 1-1 having surface

energy different from that of the substrate 6 is

oriented outward, thus in the opposed direction to the



15 oriented in the direction different fromthat of the surface,

concei vably providing sone contribution to hydrophilicization of the
surface. - 43 - [CGeneral forrmula 1] Schene 1 CH3 CH3 CH3 Heat | | |

CH3-Si -0 Si-OSi-CHs + H2SO4 CH3 R CH3_4,; CHa CHa CH3 CHa-Si-O Si-OH
HSO4-Si-CHs | | | CHs R CHs Fractionalized product Silylsulfuric acid of
pol ysi | oxane Scheme 2 CH3 CHa CH3 CH3 CHs C'3-Si -OSi -OHHO-Si --OS
i -CH3 2 HSOM-Si -CH3 1 1 I I I CH3 RR CH3 CHa Fractionalized product

FraCt'0“a|'ZeQuBéQ§HQb §Igﬁk%ubéurl@haeé@oref pﬁéMSthexaﬂeugfponglonane 1
dehydration H20 CHs- OSi-0-Si-0
HS04- Si - CHs hyhrbphlhlc, the substrate 6 surface becomes
hydrophilic and is modified. FIG. 6 schematically
illustrates the hydrophilicization agent adsorbed on
5 the substrate surface, after the former is spread and
dried.

When a specific polymer, e.g., polysiloxane, is
used, fractionalized products Pla to P4b are recombined
with each other at least partly by condensation, to

10 produce the polymer of higher molecular weight through
the bonds (recombination sites C formed by
condensation). This can increase strength of the
coating film of the hydrophilicization agent. When
polysiloxane is used, the siloxane section may be

15 dissociated by the concentrated acid 7, after it is
adsorbed by the substrate 6 surface, to be condensed
with moisture 11 in air 9 through the recombination
sites C, further stabilizing the adsorbed conditions.
FIG. 7 schematically illustrates the recombination by

20 condensation of the dissociated siloxane section with
moisture 11 in air. The mechanisms involved in the
cleavage to form the fractionalized products and their
recombination to produce the condensed polymer PlA to
P3A are explained below for the case of polysiloxane as

25 the polymer.

The dilute acid 7 increases in concentration in

the surface treatment solution 8 as the solution spread



CH3 RRCHa CHs - 44 FIG 8 schematically illustrates one exanple of
conditions of the surface treatnent solution, when it 1is of a conposition
with water (water-containing layer 12) in the solvent. Wen water is
present in the 5 solvent for the treatnmen{_solution which hydrophilicizes
t he surface under heating, evaporation "o 2{he solvent is acconpani ed by
evaporation of water and the volatile organic solvent (10: vapor of
volatile organic solvent, and 11; vapor of water). During this 10 step,
since the vol gyl e.oLoan) £a80! UeMo ! £reyPOOT AL ol LASIE ol DARCYBI £Lq vt er
e \nv T i 0 e

is concentrated in't SO 1 on, O I ncrease surface tension

solution. = ThignpLoducsse B Ohileteateal adtlif #OB 808! Y dd)) !t BEealaLer face
Su

bet ween t he strate 6 surface to be treated nd t7edt nent solution. The

section havi nghsUs{ 86Ran&€NBHRY £hNPSIvEHYb¥ENIntO that of the substrate 6
in the fractionalized products Pla to P4b fromthe polynmer as the

hydrophi | i ci zathopi888 1 z&8 ©61es! EexiRMapELdlEts Salhgt a1 ¢1 Huspnfase to be
treated in the interface 20 between the substrate 6 surface to be treated

and tregt nendcs@! UScREMINDFE WEhE€Se CONAEH1ionATI 288 eSré8udtsr esul t of
evaporation (water-containing |layer 12). At the same tine, the section

havi ng t he hyfihepsaté cigrotpcedtitationhenf thet sonpacaetrpapeests Pla to P4b
fromthe 25 polymer as the hydrophilicization agent is oriented toward the
wat er - cont ai nsobutbyer 8 18s whiss esphbtion coptead owver etlsessasfaceesol t of
evaporation of the
be treated is further dried, increasing probability of
contact between them. As a result, the fractionalized
10 products undergo condensation with each other, to
reproduce the siloxane bonds (Scheme 2). The methyl
group in the silylsulfuric acid as the by-product is
oriented toward the surface to be treated, when the
surface is hydrophobic, and the sulfone group is
i5 oriented in the direction different from that of the

surface, conceivably providing some contribution to

hydrophilicization of the surface.



- 45 organic solvent. As a result, it is considered that the given
orientation of the fractionalized products of the polynmer is further

i nproved. The present invention is applicable to various 5 el enents and
pur poses, depending on the characteristics_ and types of the functional
groups in the polymers used for surface $ddtfication. (1) When the
functional group is hydrophilic The el enents whose surface is nodified by
the 10 nethod of the present invention include water- absorptive ones,
e.g., paper djapers,._ sanitary napkins, ink absorbers for ink jet systens,
and used ink t%ééﬁﬁ%%rgbf%?t%a}id by the nethod illustrated by one of the
preferred enbodi nent descri bed above, when the 15 el enent contains

ol ef i n-based fibers), which can be surface-nodified by the present
invention to be sufficiently hydrophilic to instantaneously absorb |iquid.
The present inyeption.is also useful for the elenents required to hold
liquid. The preseﬁpezé invention is also applicable to pignment particles
used as an ink colorant. Wen the particles are surface- nodified by the
met hod of the present invention, they may be well dispersed in water

wi thout using a diGHer sdaHa THeHfs shery tool®€3%.g., fishing nets and 25

lines, can r h_a tapget .pghnic .mope, quickly aft thrown in water, when
surface-nodiﬁ?@é g%‘t e %étﬂgd‘df é?ﬁ% prgéenﬁhﬁﬁ@éntion, because they are
nore conpatible - @fiys R CHs

(‘IHa C'lHa ('ZHa
CHa—ﬁi—O—§i—OH HSO4-§i—CH3
CHs R CHs
Fractionalized product Silylsulfuric acid

of polysiloxane

Scheme 2
FHa FHa (lZHa FHa ?Ha
CH3~Si—O—§i—OH HO~§i_O~§i—CH3 2 HSO4—§i—CH3
1
CHs R R CHs CHa

Fractionalized product Fractionalized product Silylsulfuric acid
of polysiloxane of polysiloxane

,L dehydration

HoO
CHs CHs[ CHs  CHs CH;
CHy~§i-0-$i-0-Si-0-$i-CHs 2 [HSO.~S$i~CHs

CHs R R CHa CHs



with water.

I nvention can inpart the required

have affinit
and transpor

(2) When the functional group has affinity for oil The present

functions to those elenents required to
y 5 for oil at the portion in contact with oil, e.g., oi

cans

tation tanks. (3) Wen the functional group is liquid-repellent

(e.g., hydrophobic group) The present |nv tTon can expand functions
lent liquid (whether it is water or oil) for various elenents,
e.g., washing stand and kitchen sinks, walls, roads, mrrors, autonobile

| i qui d-repel

exteriors or

of 10

decr ease thesetpﬁn%¥|onsagghgégﬁiggfifacffusgéaﬁggcon%fo#%ggglS;ggs O?rtﬁgen
functional 9r888§19£o£$eb£ EH&”@S£§a§é UPéé HONECHL ButfSh V%ﬁﬁntbﬁ
ement s

functional group

presen |nven I on can provi I te

with a filter,Lugthonoh Yyt bhzion ApQELE MP@fté@ﬁ ta 20158  Laver

I on- exchangi
chemcally r
parti cul ar,

desired char

enbodi nent s

10

15

20

25

ng or renova I mpurities), or an adduct functTon Dy
eashi pg the sbeyBAt. WWHenawé:@éf aj§ peaséhveifrene. In

when the filter conposed of a nunber of fibers is formed by an

0|6f|nlC5p0|yg@lvgﬁb?f@feﬁﬁéttréaeﬁéhﬁnsﬁﬁ@t£6@VWHﬁcﬁh? 25 filter with
acteristics while making it treatable by incineration and hence

envi ronnent al hydrbpMol 8bi eesaghé! bupf&6é edndyr omea®ing heepapbeatedn- 47 -

descri bed above.
of the solvent is accompanied by evaporation of water

and the volatile organic solvent (10: wvapor of volatile
organic solvent, and 1l: vapor of water). During this
step, since the volatile organic solvent is evaporated
faster than water, water is concentrated in the
solution, to increase surface tension of the solution.
This produces a differential surface energy in the
interface between the substrate 6 surface to be treated
and treatment solution. The section having surface
energy almost equivalent to that of the substrate 6 in
the fractionalized products Pla to P4b from the polymer
as the hydrophilicization agent is oriented toward the
substrate 6 surface to be treated in the interface
between the substrate 6 surface to be treated and
treatment solution whose water content increases as a
result of evaporation (water-containing layer 12). At
the same time, the section having the hydrophilic group
1-1 in the fractionalized products Pla to P4b from the
polymer as the hydrophilicization agent is oriented
toward the water-containing layer 12 whose water

content increases as a result of evaporation of the



The present invention also gives the elenent which can develop a color or
emt light, when a colorant or fluorescent agent reactive with the polar
group and 5 adsorptive is used. The present invention greatly expand the
range of these desired characteristics, % d can find limtless applicable
areas. (5) Wien the functional group has Characteristics 10 the el enent
is required to exhibit, but is used to form a uniformy thin filmlin this
case, the functional group is required to have interfacial energy different

fromthat of Lhe..groupgB-the sLdg adsgrped;on;LheopolamELasyphgce as 15

t he sol e essen con ron. can rnprove "orrentation o e group to

t he sections i 1 L val ent .4 Qt L face
creraye |77 2R BpcehpEeneaN A o8, 4 gEfepl Shatpendonld, Sus ot

| east partly ggecEggymg}hinggrthgr§h££§ged20 surface conditions. It is
nore preferable that"the fractionalized structure resulting fromthe

cl eavage (nononerghdi BREsehti TRGeAtiBA! YERApPRYERD1 8Nt N EFIBdLat €
nol ecul ar weight) is reconbined with each other by condensation or

crosslinking émeﬁ@hﬁbaaﬁalyaeppsaé,oaeEéQBEﬁgn@heﬁnéaéhaeéghérigtkaarove the
adhesi veness. The el enent provided wth these characteristics by the

present invenahant{pési 6§ €néi Fanpeibpder gesups indBhespovigaesshasetihe
structure surface itself formng the strong film and beconmes nore durable.
for surface modification.
(1) When the functional group is hydrophilic
The elements whose surface is modified by the

10 method of the present invention include water-
absorptive ones, e.g., paper diapers, sanitary napkins,
ink absorbers for ink jet systems, and used ink
absorbers (prepared by the method illustrated by one of
the preferred embodiment described above, when the

15 element contains olefin-based fibers), which can be
surface-modified by the present invention to be
sufficiently hydrophilic to instantaneously absorb
liquid. The present invention is also useful for the
elements required to hold liquid. The present

20 invention is also applicable to pigment particles used
as an ink colorant. When the particles are surface-
modified by the method of the present invention, they
may be well dispersed in water without using a
dispersant. The fishery tools, e.g., fishing nets and

25 lines, can reach a target point more quickly after

thrown in water, when surface-modified by the method of

the present invention, because they are more compatible



(6) The present invention is applicable to any other area, so long as the

el enrent has inproved 5 characteristics by one or nore of the nechani sns
descri bed above. Al of these elenents are included in the present

i nvention. The present invention provides, especially excellent effects,
when it uses a treatnment solution 10 CBﬁ%iiﬁing a wettability inprover
capabl e of inproving wettability to the elenent surface and that the sol vent
of the polymer is attainable (e.g., isopropyl alcohol, |[PA), solvent

accel erating &i@@v@g@eﬁf t he pol yner, one of the functional groups

descri bed above, and the 15 polyner having interfacial energy different from

that of the (ﬂrq}éﬁé’r’i‘aﬂ:héﬂ%ﬁb@f@n@i WSduS Kby £piniQy PEFtHP surface
energy of the elenment surface. The surface nodification, effected by the

cl eavage and subseglefie §ORE ENSPEMH OIbn Xdh bihSaParthe Whadhyrad excel | ent
effects and securely gives uniformty and characteristics which cannot be

provi ded by thenceDswents otlabs@vdlwitentd Ge@ditdd Usd riedws ofeiwityhe process
exanples for producing these elenents. This process conprises a 25 series

of stepss suppby oiltde ehenpottion hin teestash andth real jredig splaii on
(processing liquid) as the first step (S1), application of the treatnent
solution to tdens #9d erenepdrsaciacetdrmkde treated (S2), renoval of surplus
materials fromthe surface to be treated (S3), concentration/evaporation of
t he treat nent(3pluthemnthierfunctional group is liquid-repellent
(e.g., hydrophobic group)
The present invention can expand functions of
10 liquid-repellent liquid (whether it is water or oil)
for various elements, e.g., washing stand and kitchen
sinks, walls, roads, mirrors, automobile exteriors or
the like, and glass surfaces, at the molecular level,
or even decrease:these functions to desired levels, by
15 controlling types of the functional groups or their
numbers at unit molecule.
(4) When the functional group is polar
The present invention can provide the elements
with a filter function (by utilizing anodic properties
20 for ion-exchanging or removal of impurities), or an
adduct function by chemically reacting the element with
a certain reactive group. In particular, when the
filter composed of a number of fibers is formed by an
olefinic polymer, the present invention can provide the
25 filter with desired characteristics while making it

treatable by incineration and hence environmentally

favorable, as illustrated by one of the preferred



cl eavage of the polyner and orientation of the 5 fractionalized products on
the surface to be treated (S4), condensation for reconbining the
fractionalized products with each other to produce the polynmer (S5), and
production of the element with nodified surfaces (S6). 10 The treatnent

sol uti on concentration/evaporation step 454) is preferably effected by a
continuous heating/drying step at higher than roomtenperature but at or

| ower than boiling point of the solvent (e.g., 60C) for a varying tineg,
e.g., approxi 45 15 m nutes.to 2 hours when pol ysil oxane having a

t
hydr ophi lic g$@9%é¥§eﬁ§§dd?%ﬁﬁfﬂ%? APP¥nater, an acid and organic sol vent
.g., | | hol ) f . modi f i h f d, of
boi yoi ef 1 n-based - FESI RESSHAC of GO YORont 85 Abte S GE v Lonaneehicno
| uti foi h j . The. i i b
educed by desReafe1oh 8 EoL0E SEREn; EELGRY, Mhoh " ERTEEAMERATDY PP e

fractional i zeg productse agselor PEoDYvE! FRYAUEO pblier Z5o08! YART on the

el enent surface to be treate wever, the treathent s on contai ni ng
the fracki onah26f+Prodist ssbgf orehand may be spread over the elenment - 50
surface to be treated, to orient themthereon. As descri bed above, the

treatment sol uti Qnrhéoﬁpe%éﬁi:oﬂnb@ﬁ%%nfﬁeé@fﬁ/Pé:@é&rm tHYephh§e &8NPri ses,
e.g., a wettability inprover which has wettability with

these desired characteristics, and can find limitless
applicable areas.
(5) When the functional group has no characteristics

10 the element is required to exhibit, but is used to form
a uniformly thin film

In this case, the functional group is required to

have interfacial energy different from that of the
group on tﬁe side adsorbed on the polymer surface as

15 the sole essential condition. It can improve
orientation of the group to the sections having almost
equivalent interfacial energy and surface energy. It
is preferable, in this case, that the polymer is
cleaved at least partly to cope with more diversified

20 surface conditions. It is more preferable that the
fractionalized structure resulting from the cleavage
(monomer, dimer, trimer or polymer having an
intermediate molecular weight) is recombined with each
other by condensation or crosslinking to form a polymer

25 of higher molecular weight to improve the adhesiveness.

The element provided with these characteristics by

the present invention for its entire peripheries or



5 the surface to be nodified for nmaking the treatnment solution nore
wettable with the surface to be treated and, at the sane tinme, works as a
good solvent for the surface nodifier; solvent; polymer-cleaving catalyst;
and pol ynmer which contains a functional group for 10 inparting the

modi fication effect to the surface to be *fodified and anot her group for

I nparting adhesive function to the surface to be nodified. Exanples 15 The
surface nodification nethod of the present invention, elenent surface

00, g oo CHELUELLED BLEFAEL FSECELLONA e

concretely by s to ersto esTareto

provi de sone  ef er ' to 20 limt the present
(g§5%§§e?%§&Th?§8e§§§§ﬁ%g§g%??Zggfﬁgi%Fesent i nvention to

i nventi on.

modi 1 cation pf)!ffel precaat IudeARRoR! evabb1 sbabRcCEo ShyagRRLYPr OPYI ene
container 90 to be hydrophilic, as 25 illustrated in FIG™9A The

hydrophi l'i ci zatkgn gbeggﬁﬁngssehgtgpgmgggiﬁgsaimﬁggpggition given in Table 1
was prepared. - 51 - [Table 1] (Hydrophilicization treatnment solution

conposi t 5on) ckafaevsenistfest Bt snévbr Yhor£oby oxial Kybrarigaky(di nethyl 4.0
sil oxane) Sulfuric acid 0.5
described above. All of these elements are included in
the present invention.
The present invention provides especially

excellent effects, when it uses a treatment solution

10 containing a wettability improver capable of improving
wettability to the element surface and that the solvent
of the polymer is attainable (e.g., isopropyl alcohol,
IPA), solvent accelerating cleavage of the polymer, one
of the'functional groups described above, and the

15 polymer having interfacial energy different from that
of the functional group and almost equivalent to
partial surface energy of the element surface. The
surface modification, effected by the cleavage and
subsequent condensation, exhibits particularly

20 excellent effects and securely gives uniformity and
characteristics which cannot be provided by the
conventional method.

FIG. 23 illustrates one of the process examples

for producing these elements. This process comprises a

25 series of steps; supply of the element to be treated
and treatment solution (processing liquid) as the first

step (S1), application of the treatment solution to the



| sopropyl al cohol 95.5 The sol ution was prepared using isopropyl alcohol as
an organi c solvent al cohol well dissolving polyoxyal kyl ene-pol y(di net hyl

sil oxane) as the polyner. |Isopropyl alcohol was first well mxed with
sulfuric acid as an inorganic acid added,to 0.5 wt.%as concentrated
sulfuric acid concentration in the final %ol ution. Then,

pol yoxyal kyl ene-pol y(di net hyl sil oxane) as the polyner was added to the
above m xture to 4.0 w.% as polyner concentration in the final solution,

and uni form y,gissolv, fg@% éoth éﬁeisi?hy$¥ ‘ﬁggane) it %ngr

treatment sol GtTon. yoxya ene po di ne
Example 1 1s ﬁ@@é‘f‘l@l’stf‘f’orﬁlefﬁéaéuf@éé'&”@o(ﬂé cidpisialsdprmla 2] G OB
CH3 CH3 | -SI-OSI-0SI-0S1-CH3 in In C3H6 0C2H4 a

0C3H6 b0 H W&eﬁfﬁa@%ﬁé@aﬁé@a@f&ﬁ @fpﬁ%tﬁz"é‘a'&xﬁr@@eéol&@ﬁoﬁ”f’or 52 (b)
are al so each a positive integer; and Ris an alkyl or hydrogen. The

pol yner has acpddvaddl &f Ofhe RS Vie FRARY | 051 X280 N W £ Neige of the met hyl

group in the nmain repeating unit being substituted by 5 pol yoxyal kyl ene
group. The coffEt€iGhaPlHelChrodda@PPdnon U asur Sddaveto be Of2ddMedas used.

The section encl osed
(S4), condensation for recombining the fractionalized
products with each other to produce the polymer (S5),
and production of the element with modified surfaces
(s6).

10 The treatment solution concentration/evaporation
step (S4) is preferably effected by a continuous
heating/drying step at higher than room temperature but
at or lower than boiling point of the solvent (e.g.,
60°C) for a varying time, e.g., approximately 45

15 minutes to 2 hours when polysiloxane having a
hydrophilic group is used together with water, an acid
and organic solvent (e.g., isopropyl alcohol) for
modifying the surface composed of a polyolefin-based
resin, and around 2 hours when a 40 wt.% aqueous

20 solution of isopropyl alcohol is used. The drying
treatment time may be reduced by decreasing water
content.

In the example shown in FIG. 23, the
fractionalized products are formed by cleavage of the

25 polymer on the element surface to be treated. However,
the treatment solution containing the fractionalized

products beforehand may be spread over the element



by a rectangle in the general fornmula (1) is a hydrophilic group, which
corresponds to the first group (functional group) in FIGS. 1A and 1B and
group 1-1in 10 FIG 24. The above treatnent solution dissolves a small
gquantity of water nol ecules, associated with concentrated sulfuric acid, in
addition to the sulfuric acid nol ecul €5.295 The treatnent was attenpted to
make hydrophilic the inner wall surfaces of a polypropylene (PP) container
40 shown in FIG 9A with the above hydrophilicization treatnment solution. A

smal |l quant ::ét}/rf) od hteO tydr@g@#é&i zay ioogkél{@qh{gqlpt?%eogm%ﬁ on 20 prepared was

put in the PP Containéer 0 I'n Tnner — vol une, the contai ner

! ; , S . on. Th
i nner surfaces wt&ﬁsﬁ%’i{%@p&&}& éq{}égtgﬁl{e?r%%ﬁpél%ﬂon e

contai ner was turne down and shaken, e I'nner surfaces were

uni formy wetdgehod Ocf & &i‘efcfiﬁ;&gé’o;gg%éﬂ %ﬂﬁhtj;&fhé&ﬁﬁﬂél%, whose

i nner surfaces re wetted wth I ng I'm48 o

hydrophi |l i ci zatd on 4 reatemmil 56 UnSrovas Hi &l Hdk afbetatii 1 DN, £n 60C for
1 hour. This produced the hy%f%phi‘lgi[%i zat | oln-treat ed PP contdi ner 40A,

shown ims Fl GhdBsuf @b nde Bl e Sedr tihiding tie theSendypes of

sol utions having the follow ng conpositions were prepared, and the
treat ment wassoRitsWiRsicd Ofetf@id NI tatle SSlid @RS ¥ Be treated

and, at the same time, works as a good solvent for the
surface modifier; solvent; polymer-cleaving catalyst;
and polymer which contains a functional group for

10 imparting the modification effect to the surface to be
modified and another group for imparting adhesive

function to the surface to be modified.

Examples
15 The surface modification method of the present
invention, element surface modified by the method, and
evaluation thereof are described more concretely by
Examples. It is to be understood that Examples are to
provide some of the preferred embodiments and not to
20 limit the present invention. |
(Example 1)

This example applied the present invention to
modification of the internal hydrophobic wall surfaces
of a polypropylene container 90 to be hydrophilic, as

25 illustrated in FIG. 9A.
The hfdrophilicization treatment solution having a

composition given in Table 1 was prepared.



pol ypropyl ene (PP) container with each of these solutions, to verify the
hydrophilicization treatnent 10 effects brought by the present invention.
(1) Solution conposition for Conparative Exanple 1 Conparative Exanple 1
used the hydrophilicization- treatnent solution conposition shown in Table
1, except that it conprised only isoprbp'%/]i al cohol and sulfuric 15 acid. In
ot her words, the solution for Conparative Exanple 1 was free of
pol yoxyal kyl ene- pol y(di met hyl sil oxane), which was used to formthe desired
pol yrner coagj;%bil Igj by the present invention. (2) Solution conposition for
Conmparative 20 Conparative Exanple 2 used the hydrophilicization-
o o oy BRI POSLIL oo et 2 s G B0t [Bloh | 20| o
ot her words, anmcsrtftmts on for Oorrpar atlve Exarrpl eCQnmﬂsr é@rtZE%)of
concentrat ed SUITUFIC and SR T—quantity gr - the morequl es
]35*51 e,

associ ated th c%xg YT R HRd%4 i on fdr Conparatfve Exarple 3 -
54 Conpar at i[V& 3 used the hydrophilicizdtion- treatnent sqlution
conposi tion s@yﬂdﬁgaggfd 1, except that isoprdpyl alcofhof was repl aced by
hexane, whi ch— '
sil oxane). A s]imdprcnma]ntalqoh:dl each of the above [sol uti 0%8.5was put in the

PP cont ai ner U| 5U m IH |nner VOI uire, 10 Wl [ne (,Ollfdl ner Illllel surfaces
in a manner simlar

")

The solution was prepared using isopropyl alcohol
as an organic solvent alcohol well dissolving
polyoxyalkylene-poly(dimethyl siloxane) as the polymer.
Isopropyl alcohol was first well mixed with sulfuric
acid as an inorganic acid added to 0.5 wt.% as
concentrated sulfuric acid concentration in the final
solution. Then, polyoxyalkylene-poly(dimethyl
siloxane) as the polymer was added to the above mixture
to 4.0 wt.% as polymer concentration in the final
solution, and uniformly dissolved therein, to prepare
the hydrophilicization treatment solution.
Polyoxyalkylene-poly(dimethyl siloxane) used for
Example 1 is shown by the general formula (1):

[General formula 2]

CHa |CH:; C‘JHa C\JHs
H:r-éi—O Si—0 Si—O ?if—CHs
|
lCHa CHa m n CHs

CaHs (OCzH4) o« (OCaHe) O H

where, (m) and (n) are each a positive integer; (a) and



to that for Exanple 1. Each container was turned 10 upside down and shaken,
after the inner surfaces were uniformy wetted, to rel ease the surplus
solution. The container whose inner surfaces were wetted was dried in an
oven at 60C for 1 hour. The untreated PP container was also used in

Ref erence Exanple. 15 Each PP cont ai ner" wd% ®val uated whether its treated
surface conditions were satisfactory or not. The eval uation nethods and
results are described below. a) Method for evaluating hydrophilicity of the

PP cont ai ner Zgn’:_"r?egreil%lgresgﬁigggg%géi@etfﬁ@%gg%(i%{’e!gonéaj?glg%f%yltreat ed

with the solu?‘i’ anpl e nmparati v and the

unt r eat ed oneo]_( R%F(f{e&(;é%\ﬁ?th ‘?%Eﬂﬂg%%ﬁ{@fe“%é rgeéjt%é{hlpéjrg wat er. Each

contai ner was fi re water to approxi na%ely one- 25 third

of the inner e{é}iﬂf(gj@%%%fi éﬂl@@ax\@s %iwsog%s(g@rg?g,m@%jéi% 1'1%! shaken, to

visual ly conf ons of pure water attaching to ner wall - 55

- surface of j i r &S ophilicity of the
PP cont ai ner£¢%eﬁ€%gé§%‘? g%%ﬁgl?i?ﬁﬁeé%%;cont a‘?%tel?é%&yw

P dr OBTL] ¢! 2641 e 084 é T ESAIP! Orrle WEomBAL L ks OLT QUYBGA. W {

the conditions o e untreated cont ai ner for Ref er ence ) s the
reference. Byynf@at! asiiwdBoserobatheyRE Geshai nehe t&88i6H ¥hthoLha

sol ution prepared by Conparative Exanple 1, 2 or 3 were
by a rectangle in the general formula (1) is a
hydrophilic group, which corresponds to the first group
(functional group) in FIGS. 1A and 1B and group 1-1 in

10 FI1G. 24.

The above treatment solution dissolves a small
quantity of water molecules, associated with
concentrated sulfuric acid, in addition to the sulfuric
acid molecules.

15 The treatment was attempted to make hydrophilic
the inner wall surfaces of a polypropylene (PP)
container 40 shown in FIG. 9A with the above
hydrophilicization treatment solution. A small
quantity of the hydrophilicization treatment solution

20 prepared was put in the PP container of 50 ml in inner
volume, to wet the container inner surfaces with the
hydrophilicization treatment solution. The container
was turned upside down and shaken, after the inner
surfaces were uniformly wetted, to release the surplus

25 solution. The container whose inner surfaces were

wetted with the coating film 48 of the

hydrophilicization treatment solution was dried in an



10 not wetted at all, because pure water was observed to trickle down in
droplets. Each of themclearly had the hydrophobic inner surface, as was
the case with the one for Reference Exanple. 15 The solutions for
Conpar ati ve Exanples 2 and 3 contained qg#yoxyalkylene-poly(dinethyl

sil oxane), which, however, was not effectively adsorbed by the PP
surfaces. As a result, it was washed off when the treated containers were
rinsed with pure water 20 i mredi ately before they were eval uated. By

contrast, the PP container.treat LN I ted with pure water
oven SF he fcgr i ﬁ?x& m afr&du%%& 1\:%3&

after it was Tinsed with™ pure wa ) at “pol yoxyal kyl ene-

pol y(di met hyltai%#%‘f%%%ti&ﬂt I*E’éci)eﬂp b%’?ﬁ&eixg?rcg%oﬁ“réﬁ&ﬁ apg it vas

effectively a ese evaluafion results in e that the surface of
plastic materigh cep be effectively - 56 - hydrophilicization-treated with a
solution containing a polyalkylsiloxane having a pol yal kyl eneoxi de chai n,

acid and aIcop@+$%$§§€€??o§§gm§ﬁgsRP.ﬁgngginer and dried. It is found that

a polynmer of po oxane 5 can be oriented on and attached to the PP

surface g@s ai med, pybephide Sypd8cor i Soliefded NhJind hendOotyBSwifg the
presence of the alcohol and acid. It is also confirmed that a conbination

of the acid apsmgbsPbbns Aishe hgseparad f esia ofhé | epddfilehfeydb asti c surface,
and 10 that the cleaned surface coupled with the nethyl group

attempted for the inner wall surfaces of a
polypropylene (PP) container with each of these
solutions, to verify the hydrophilicization treatment
10 effects brought by the present invention.
(1) Solution composition for Comparative Example 1
Comparative Example 1 used the hydrophilicization-
treatment solution composition shown in Table 1, except
that it comprised only isopropyl alcohol and sulfuric
15 acid. 1In other words, the solution for Comparative
Example 1 was free of polyoxyalkylene-poly(dimethyl
siloxane), which was used to form the desired polymer
coating film by the present invention.
(2) Solution composition for Comparative Example 2
20 Comparative Example 2 used the hydrophilicization-
treatment solution composition shown in Table 1, except
that it comprised only isopropyl alcohol and
polyoxyalkylene-poly(dimethyl siloxane). In other
words, the solution for Comparative Example 2 was free
25 of concentrated sulfuric acid and a small quantity of
the water molecules associated therewith.

(3) Solution composition for Comparative Example 3



in the al kyl siloxane structure (as the repeating unit of the hydrophobic
pol yal kyl si | oxane having a pol yal kyl eneoxi de chain) oriented on the
substrate surface inproves overall adhesive power. 15 The pol yal kyl sil oxane
havi ng a pol yal kyl eneoxi de chain can be uniformy di spersed on and
effectively attached to the plastic surf34e; because it is dissolved in
the al cohol as a good solvent therefor. Wen a hydrophilic surfactant only
is spread over the 20 plastic surface and dried thereon, the surface shows
hydrophilicity only during the initial stage, which, however, is |ost when
the surface is rinse@parahiparexamplierd weeduske t ppdsophbtiahzationdrssol ved
and eluted out in water. 25 (Exanple 2) Exanple 2 applied the surface

nodi fi cati on BEeABEENbf SPhether seAPPPHl Po?h‘?%nalqii"g‘?}éh% b} efBREPtDr e -
57 ~concretely to an el enent of onproperne/goI et hylene (PP/PE) fibers
for surface h%ﬁ?Bph??PE?E&%i%%cog?%aYﬁ%anp#%% %I%ﬁeﬂ xghe ppfpECh| hEr s

actually prepared was a bl gck-shaped one in whic e fibers 5 were
Comosi 1 ed' w EnPEACROLYRBE. Fot 1 BRLTGRYorky bees ppoly bifneteyl® .o Ik
absorbing el enent which could absorb Iliquid (e.g., ink) and hold the used

l'i quid. For ﬁkgﬂﬁ?ﬁ? referring to FIG 10A, a container 21 having an
adequat e shape and 0 _ai a can_10 be

|'i qui d- hol di ng conf‘gg‘eﬂg}izﬁ‘fa{kﬁgﬁyi e BS8h P ot ?}HOY?b?EﬁgE%g‘ngeg 23,

capabl e of f“Q%EiBangn the PP container of 50 ml in inner volume,
to wet the container inner surfaces in a manner similar
to that for Example 1. Each container was turned

10 upside down and shaken, after the inner surfaces were
uniformly wetted, to release the surplus solution. The
container whose inner surfaces were wetted was dried in
an oven at 60°C for 1 hour. The untreated PP container
was also used in Reference Example.

15 Each PP container was evaluated whether its
treated surface conditions were satisfactory or not.
The evaluation methods and results are described below.
a) Method for evaluating hydrophilicity of the PP
container

20 The inner surfaces of a total of 4 PP containers,
treated with the solution for Example 1 or Comparative
Examples 1, 2 or 3, and the untreated one (Reference
Example) were rinsed with pure water. Each container
was filled with fresh pure water to approximately one-

25 third of the inner volume, after rinse water was

discarded, and lightly shaken, to visually confirm

conditions of pure water attaching to the inner wall



as an absorbing elenent 24 to absorb and hold various types of liquid

(e.g., ink), oriented in a given direction. Such an ink-absorbing el enent 24
can be 15 suitably used for a discharged ink tank for ink jet recorders.
More concretely, the fibrous el enment 23 ich constituted the absorbing

el ement 24 was conposed of the biaxial fibrous el enent of pol ypropyl ene and
20 polyethylene fibers, each approximately 60 nmlong. This biaxial fibrous
el enent was of a core- sheath structure, with a polypropyl ene fiber having a

hi gher el ti encased by pol yethyl ene having a
S Pl of S AR

| ower nelting porn FIG 25 11A shows its section

per pendi cul ary,§ o qu%i&') ré’éuﬁé'&f‘  hyeSsh B ELAR o ShaRs fput er

peri pheral shape) was essenti y circular (close rlng shape). - 58 The
fibrous bl ockspn€gafhesonposed of the short fibers and having the above
section, were arranged in the fiber axis direction in, and heated by, a

cotton- carding MegheNennd® EusLaédeof i b SpMi dbneackest her. 5 More
concretely, they were heated at above nelting point of polyethylene as the

sheath 28a bufydebsmi1i®] taEfoRotAéatéd PDh YREAMYLENE w&s tet€ad ewPBh, to
have the structure with the sheaths 23a of pol yethyl ene fusing each other

at the point spiheyw&6sE, i Wi th CORé agbndi0ivhs Nofaete Oltereatadt e above

fibrous structure 23, referring to FIG 10B, the fibers 23A were arranged

in the fiber container for Reference Example as the reference. By
contrast, those of the PP containers treated with the
solution prepared by Comparative Example 1, 2 or 3 were

10 not wetted at all, because pure water was observed to
trickle down in droplets.

Each of them clearly had the hydrophobic inner
surface, as was the case with the one for Reference
Example.

15 The solutions for Comparative Examples 2 and 3
contained polyoxyalkylene-poly(dimethyl siloxane),
which, however, was not effectively adsorbed by the PP
surfaces. As a result, it was washed off when the
treated containers were rinsed with pure water

20 immediately before they were evaluated.

By contrast, the PP container treated in Example 1
was wetted with pure water after it was rinsed with
pure water, indicating that polyoxyalkylene-
poly(dimethyl siloxane) was fast adsorbed by the PP

25 surface and it was effectively adsorbed.

These evaluation results indicate that the surface

of plastic material can be effectively



axis direction in the cotton-cardi ng machine and continuously arranged
mainly in the longitudinal 15 direction (FI). They cane into contact wth,
or close to, each other at points, e.g., a, p, Yy and e, as shown in FIG
10C. They were fused with each ot her unde$ heating at the contact

(i ntersection) points, e.g., at the poin & a, R y and e, as shown in FIG
10D, to form20 a network structure, giving the structure nechani cal
elasticity in the direction F2 perpendicular to the |[|ongitudinal direction

FI. Thi i ed. | i ' i t udi nal
direction b IOUPER B ¥ tef-hRgREle FTEh o SalEPRS ot ot it onsiTe
thint ' ' t : I ' B & h [ f
2o ot conph b VT ke PTREne AR, Sope bRRBr Pl 00 SRREBALC D) Ly ot
structure 23 jiQy def & refeLsd P OLonthendpdiygdual fibers

adidPhfd ﬁieﬁ%ﬂm 1, '&hPELANGuE ﬁxéikpli &

23A were crinped, to orm conpl ex network structures between the

adj acent fibegsje@nd fHsed Phifaeardt 0h heb1ymer 8f  pSiyd Ry POL DbRaRe 43, Y
and c. Sonme of the crinped fibers 23A were arranged in the direction F2

per pendi sul arcif bleorPEStEAUbNAENE 4€€4EREA o e BEEsutPEcSt 45Ct Ure
t hree-di mensional with the fibers fused w th each other. The fi brous

el ement 23 aciimédy WRepl €REr €drfac&EXDSPtee2te@sSwi o Mele | pdbDy@egODgENt I C
sliver of biaxial fiber tows, showmn in FIG 11A wth a polypropylene fiber

(mel ting poi nthe appeisend806F tlse &beokol eaddaaendasedti s also

pol yet hyl ene( el ti ng point:
confirmed that a combination of the acid and alcohol
also has an effect of cleaning the plastic surface, and

10 that the cleaned surface coupled with the methyl group
in the alkylsiloxane structure (as the repeating unit
of the hydrophobic polyalkylsiloxane having a
polyalkyleneoxide chain) oriented on the substrate
surface improves overall adhesive power.

15 The polyalkylsiloxane having a polyalkyleneoxide
chain can be uniformly dispersed on and effectively
attached to the plastic surface, because it is
dissolved in the alcohol as a good solvent therefor.
When a hydrophilic surfactant only is spread over the

20 plastic surface and dried thereon, the surface shows
hydrophilicity only during the initial stage, which,
however, is lost when the surface is rinsed with pure
water, because the surfactant is dissolved and eluted
out in water.

25 (Example 2)

Example 2 applied the surface modification method

of the present invention to a fibrous element, more



around 132C). The fibrous el ement 23, conposed of the 15 fibers mainly
oriented in the longitudinal direction Fl, shows fluid conditions within
the el ement and stationary |iquid-holding conditions clearly different in
the directions FI and F2, when immersed in a liquid. In this exanple, the
el enent shape was of a 20 fibrous struct®@®,- general ly holding nore |liquid
than the container with planar surfaces, e.g., that prepared by Exanple 1,

and the treatment solution of the foll owi ng corrposi tion was used: - 60 -
[ Tabl e 2] (Hydro h|I|C|zat|on t r eat ment soI utlon co on of  fiber)
Conponent s Cofpst Wa%el%?‘%x?/% %r}%d? ¥5thglane

2 oxane) Sul AR MBS
aosor i on SCE%?%é‘@%%%p%M@%wr@&%’@ggﬁﬁg'&k&eé#%ﬁ% fi 19, e fuston,
oAt Sol Whaech e Ron) SRS FRLNOSIALEN L, 08 glbeg5ol e on 28
body 24,5as s@Q%Q éghﬁgéitégEhféhtéﬁhh other to take a form useful
for, e.g., an ink absorbing element which could absorb
liquid (e.g., ink) and hold the used liquid. For
example, referring to FIG. 10A, a container 21 having
an adequate shape and open to air by an opening 25 can
10 be used as a liquid-holding container 20, when it is
filled with fibrous bodies 23, capable of functioning
as an absorbing element 24 to absorb and hold various
types of liquid (e.g., ink), oriented in a given
direction. Such an ink-absorbing element 24 can be
15 suitably used for a discharged ink tank for ink jet
recorders.
More concretely, the fibrous element 23 which
constituted the absorbing element 24 was composed of
the biaxial fibrous element of polypropylene and
20 polyethylene fibers, each approximately 60 mm long.
This biaxial fibrous element was of a core-sheath
structure, with a polypropylene fiber having a higher
melting point as the core 23b encased by polyethylene
having a lower melting point as the sheath 23a. FIG.
25 11A shows its section perpendicular to the axial
direction, whose external shape (outer peripheral

shape) was essentially circular (closed ring shape).



magni fied view of FIG 12B. The fibrous absorption body 24 holding the
solution 28 was pressed by a pressing jig 27, e.g., netallic nmesh (FIG
12C), to renove the surplus treatnment solution 28 held in the voids
between the fibers 23A, as shown in FIG 12F as the magnified view of FIG
12C. When the jig 27 was renoved, the fi¥ous absorption body 24 returned
back to the original shape, as shown in FIG 13A, wth the fibers 23A
coated with the liquid | ayer 28A. The absorption body 24 with the fibers

wetted with the - 61 solufion was dried in an oven 29 at 60C for 1 hour
(FIG 13B). TS &%‘ﬁ%‘eﬁ 34 b%%é %‘H‘é%‘?iﬁc?o#/b SBOr G §3P]TR fibers
23A coated with the hydrophilic layer. 28B, as show in FIG_13C FIGS. 12D
to 12F are 5 P& ¢hart i PR T D MR AT R ES Y B t0  12C and
FIGS. 13D to F are partiallly. nified.vie f _respective FIGS. 13A to
13C. ( Conpar a{lﬁ%r @(’éﬁ%lcilﬂe%‘%ld&g%f%’r Mt 1&%@%} 3)5’1’) T CorPhr ati ve Exanpl e
4, the fibrou S i on. 10 S Ll icizatiog-t din the
same nanner %aslaz?}lg%xﬂg%&ﬁllen%’ e‘gcg:)gé,plf h%liyt e %Aea"?inéﬁtéés)%}f ucﬁe%élle' conpri sed

only sulfuri (ggfn%?c@ﬂgrét?gf)#ppyﬁ%fl‘g lhedfbq Adely ?ﬁ%#et solution for

Conmparati ve e 4 was ree ol yoxyal kyl ene-pol y | sil oxane).

The 15 untrealednfibf %@%@nﬁgg@%gggye %h{féﬁ%%& b&ls Moy al so used in

Ref erence Exahple 1. g e fibrous absorption body of

PP/ PE fibers y@stif§3&thPYot o PHOMSpESSE i 88 0the core 23b, to have

the structure with the sheaths 23a of polyethylene
fusing each other at the points they came into contact

10 with each other.

In the above fibrous structure 23, referring to

FIG. 10B, the fibers 23A were arranged in the fiber
axis direction in the cotton-carding machine and
continuously arranged mainly in the longitudinal

15 direction (Fl1). They came into contact with, or close
to, each other at points, e.g., a, B, Y and &, as shown
in FIG. 10C. They were fused with each other under
heating at the contact (intersection) points, e.g., at
the points a, B, Y and ¢, as shown in FIG. 10D, to form

20 a network structure, giving the structure mechanical
elasticity in the direction F2 perpendicular to the
longitudinal direction Fl. This was accompanied by
increased tensile strength in the longitudinal
direction F1 shown in FIG. 10B. The structure,

25 although lower in tensile strength in the direction F2
than in F1, was elastic with restoring force against

compressive stress in the direction F2.



treatment nethod with 0.3 to 0.5 g of the above 20
hydr ophi li ci zati on-treatnent solution. Conparative Exanple 4 used the sane
gquantity of the solution applied to the whole el enent using the above

descri bed application nethod. Each fibr absorption body thus prepared
was 25 evaluated whether its treated surtiace conditions were satisfactory
or not. The eval uation nethods and results are described below - 62 (1)

Met hod for evaluating hydrophilicity of the fibrous absorption body of

PP/ PE fibers a) Evl?édl@idg?”tr@’ P LVRISEr QRS T 18D ddngeciopper Pure
wat er drops were fall roma dropper onto 5 the fibrous absor pt| on bodi es

of PP/ PE fibefssePFanpr&sl FRy. BGIP! €ne A SURAN atii e lpsrdt, and the

untreated one (Reference Exanple), to observe extent of pure water sinking

into the bodi@simpdd Fved uad1®nEdim | S6HRS Ed:O e twddi stiiceduddls The fi brous
absorption bodi es of PP/ PE fi bers, prepared by Exanple 2 and Conparative

Exanpl es 4, apgltwddre thd rapasbronef {idef<er e fusedwe)th wdch ditvdy, pl aced
on pure water, held by a container sufficiently large to accommobdate the
fibrous ®l enmesig. | ;cabbses vimoilbt®exd erg, of gnd e watSomesiokKitige icxtimpgd® bodi es.
(2) Results of evaluation of hydrophilicity of the fibrous absorption body
of PP/ PE fibeftbdrng A urése dreardeditiontioy girectiagrerF2irops fallen from a
dropper perpendicular to the longitudinal direction F1, to make
the structure three-dimensional with the fibers fused
with each other. The fibrous element 23 actually
10 prepared in Example 2 was formed into a concentric
sliver of biaxial fiber tows, shown in FIG. 11A, with a
polypropylene fiber (melting point: around 180°C) as
the core 23a encased in polyethylene(melting point:
around 132°C). The fibrous element 23, composed of the
15 fibers mainly oriented in the longitudinal direction
F1l, shows fluid conditions within the element and
stationary liquid-holding conditions clearly different
in the directions Fl1l and F2, when immersed in a liquid.
In this example, the element shape was of a
20 fibrous structure, generally holding more liquid than
the container with planar surfaces, e.g., that prepared

by Example 1, and the treatment solution of the

following composition was used:



20 Pure water drops, fallen froma dropper onto the fibrous absorption body
of PP/ PE fibers prepared by Exanple 2, were observed to instantaneously
sink into the elenment inside. By contrast, pure water drops fallen froma
25 dropper onto the fibrous absorption bogdy of PP/PE fibers prepared by
Conparati ve Exanple 4 and untreated one (Reference Exanple 1) were observed
not to sink - 63 into the elenent inside, but repelled to formdroplets on
the surfaces. b) Results of evaluation by imersion in pure water The
fibrous absorp@égﬂebgpy prepared by Exanple 2 5 was slowy placed on pure
wat er held by a contal ner, and observed to slowly sink into water,

i ndi cating thajyaibsnSidEpELE1 98" er SYAOPOI 4d Lut BYn COMBESL €18 Bt he
fibrous absorptipeypody of PP/ PE fibers prepared by Conparative Exanple 4
and 10 untregted-ome—(Referenmce Exanpte— 1) —Srowy praced—om—purejwat er
hel d by a cort@®®RANeR%F e observed to securely f|l oaCWRIRHECD Thdy showed
no sign to aklksorb water thereafter, indicating tihat théVtméPe clegrly

hydr ophobi c. ]gbﬂgggzﬁfﬁ§4gﬁéL§6¥§6&3&&5 t the fjibrous gpsgyption| body of
G4

{
PP/ PE fibers $0 coated with a polyal kyl| siloxane |ayer

(hydrophilic : —Ho be-—effectively
hydr ophi | i ci Zs8ubfuticaeid when the sol ution 20 jcont ai nilh@5 pol ygl kyl
si | oxane haviqP d:gUfydik Ee

sopropyl alcohol 99.55

(1) Method for hydrophilicization-treatment of the
absorption body of PP/PE fibers

The absorption body 24 of
polypropylene/polyethylene fibers, having the fusion-
treated structure shown in FIG. 12A, was immersed in
the hydrophobicization treatment solution 28 of the
above composition (FIG. 12B). The solution 28 was held
in the voids between the fibers 23A for the fibrous
absorption body 24, as shown in FIG. 12E as the
magnified view of FIG. 12B. The fibrous absorption
body 24 holding the solution 28 was pressed by a
pressing jig 27, e.g., metallic mesh (FIG. 12C), to
remove the surplus treatment solution 28 held in the
voids between the fibers 23A, as shown in FIG. 12F as
the magnified view of FIG. 12C. When the jig 27 was
removed, the fibrous absorption body 24 returned back
to the original shape, as shown in FIG. 13A, with the
fibers 23A coated with the liquid layer 28A. The

absorption body 24 with the fibers wetted with the



oxi de chain, acid and al cohol was spread over the elenent surface and
dried. Therefore, it is found that the fibrous absorption body 24 of PP/ PE
fibers can have a sufficient function to serve as an el enent of 25
absor bi ng aqueous ink. The fiber surfacesgyere analyzed by a scanning

el ectron mcroscope (SEM, in order to verify that the - 64 surface
nodi fi cation nmethod of the present invention attaches a polyal kyl sil oxane
havi ng a pol yal kyl ene oxide chain to the PP/PE fiber surface to formthe

pol yner coatiggrhaysh #H8'&PYeqbik! &5 ovédn 19 20dedbcshoW 1 hgouRgni fied SEM
phot ographs of the untreated PP/ PE fiber surfaces of the fibrous absorption

body of Refergepneg, Exggpl e dhid "BosdddERt +108: £ i9Foud b SHEDH € 890p
respectively)epFlCi ?gpshomslthe magni fi ed SEM pﬁétograph o% t he ﬁE/PE 10

fiber surfacesqofithethébrovsrabsok ptdboredodytiof th&omparaphyei&xanpl e 4,
treated with only the acid and al cohol (magnification: 150). FIGS. 18, 19

and 20 show theysngpsB| eds SEbwphih oBI@phs30f thecHP/ PEDftber2suataces of
the 15 hydrophilicization-treated fibrous absorption body of Exanple 2
(magni fiBati opartbdl1pObagnilf Ped00iews esPpereéspetyive NDIGS r UL2Ar8b changes
considered to result from deposition of organic substance on the fiber
surfaces 20 B2@, caedr FYGShoWBDi to al 3F odr¢ hpaet iabhy fmagh SEMdheviegsaphs of
the PP/ PE fiber surfaces. Indeed, no
of respective FIGS. 13A to 13C.
(Comparative Example 4 and Reference Example 1)
In Comparative Example 4, the fibrous absorption
10 body was hydrophilicization-treated in the same manner
as in Example 2 except that the treatment solution
comprised only sulfuric acid and isopropyl alcohol. In
other words, the solution for Comparative Example 4 was
free of polyoxyalkylene-poly(dimethyl siloxane). The
15 untreated fibrous absorption body of PP/PE fibers was
also used in Reference Example 1.
In Example 2, 0.5 g of the fibrous absorption body
of PP/PE fibers was treated by the above-described
treatment method with 0.3 to 0.5 g of the above
20 hydrophilicization-treatment solution. Comparative
Example 4 used the same gquantity of the solution
applied to the whole element using the above described
application method.
Each fibrous absorption body thus prepared was
25 evaluated whether its treated surface conditions were

satisfactory or not. The evaluation methods and

results are described below.



difference is observed between the untreated PP/PE fiber surfaces (FIG 16)
and hydrophilicization-treated PP/ PE fiber surfaces (FIG 20) even by the
2000 tinmes 25 magnified SEM phot ographs. It is therefore judged that the
hydr ophi | i ci zati on-treated PP/ PE fi bers_ _uniformy coated with a thin
film(considered to be - 65 nononol ecul ar | ayer) of

pol yoxyal kyl ene- pol y(di net hyl sil oxane), show ng appearances not
differentiated from the untreated surfaces by the SEM anal ysis. By

contrast, the PPREHIPEfos WIS0ESt P atRIFHHM 1 S 4 td¥ tiRe acikk-qngl al cohol

show the fiber intersections (fused sections) cut at nmany points and many

knot-1ike semds¥stidh tﬁmfi@pr;&;/m st i n the SEM phot ograph (FI G

17). These changes are considered to result from deterioration of the PE PP
nol ecul es on 4 heEddhedtildh ¥ fReRs wd tepalddpr| £l IRn Nt@e W eFrdppdihe
surface layer) during the heating/drying step, accelerated by increased
concentration of therecidters drdEsuwdreffaleMapafmadn an dfoppgeer smtwent and
heat itself for the drying step. 15 On the other hand, the

hydr ophi3 i ci zttie afibrtoweatatesdrpioron Hodiesaent BRUREIf ibersugereporedit t | ng

at the fiber joints nor formation of knot-like sections in the fibers,

whi ch are obdey \EExbmpile 2 &Rl REoripdmsativiurBxagsles ebt exhdnthewith the acid
and al cohol, 20 although it uses the treatnment solution containing the sane
concent r at i ornfredkedoine afReferencerExanple hg/tr OhgprteExtins dfct

i ndi cates controlled
pure water sinking into the bodies.

b) Evaluation by immersion in pure water

10 The fibrous absorption bodies of PP/PE fibers,
prepared by Example 2 and Comparative Examples 4, and
the untreated one (Reference Example), were slowly
placed on pure water, held by a container sufficiently
large to accommodate the fibrous element, to observe

15 extent of pure water sinking into the bodies.
(2) Results of evaluation of hydrophilicity of the
fibrous absorption body of PP/PE fibers
(a) Results of evaluation by pure water drops fallen
from a dropper

20 Pure water drops, fallen from a dropper onto the
fibrous absorption body of PP/PE fibers prepared by
Example 2, were observed to instantaneously sink into
the element inside.

By contrast, pure water drops fallen from a

25 dropper onto the fibrous absorption body of PP/PE

fibers prepared by Comparative Example 4 and untreated

one (Reference Example 1) were observed not to sink



deterioration of the PE nolecules on the fiber surfaces
hydrophilicization-treatnent for Exanple 2. 25 It is co
the acid acts on the fiber surfaces to cut the PE nole
radicals wthin the nol ecules, that sone paterials and
capture the radicals to control destructi®h ~of the PE
chain reactions caused by the radicals. It cannot be r
pol yoxyal kyl ene- pol y(di net hyl siloxane) attaching to 5

during the
nsi dered, even when
cul es and produce
- 66 structures
nol ecul es by the
ul ed out that
the fiber surfaces is

i nvol ved in tp§t$a@t§gr?elé)$ertl@tejhnsrf1&ié’cag ttf%ée(r)rfe%g%ﬁgocﬁ%emc Io?bfg S with the

PE surfaces wWhiTe capturing e radicals
destruction of .t P ecul es by the radical - cause
Overal |, it iénju ge%a{$%§g%ﬁxﬁfication of the fiber s

ereby to control
d chain reactions. 10
urfaces i s achieved

a
i EXANDl & 2 9y kb Bl M {4 e R0) YO Bhih 201 b Yl =g 1 1 0xaine)

uniformy deposited on the fiber surtaces. e

e side-effects

during the hydr ophivhé CF23kb80 difed £98ASRNbod o) Hlee sl #20) Neklipidicy 1| ber

surfaces by the acid and solvent contained’in the treat'/nent sol ution,

whi ch PSSt bl ya @CEEART A SFa il Shis BbuASISPIBES G0 Bien @Sk YR At ene oxi de

chain. The chem cal bondi ng between the PE nol ecul’es,

cut by the acid of

increased 20 £QACEPEEAFEOMANSLERE)  sBiv DOty ahidLNel i S LRl fi8at Can

occur to no small extent. The biaxial fiber may be ecce
FIG 11B, withtésheuepsCesepdiomydtsghimierial) 23b

ntric, as shown in

By contrast, both the fibrous absorption body of

PP/PE fibers prepared by Comparative Example 4 and

10 untreated one (Reference Example 1), slowly placed on

pure water held by a container, were observed to

securely float on water. They showed no sign to absorb

water thereafter, indicating that they were clearly

hydrophobic.

15 These results indicate that the fibrous absorption

body of PP/PE fibers can be also coated with a

polyalkyl siloxane layer (hydrophilic layer) 28B, as

shown in FIG. 13C, to be effectively

hydrophilicization-treated, when the solution

20 containing a polyalkyl siloxane having a polyalkylene

oxide chain, acid and alcohol was spread over the

element surface and dried. Therefore, it is found that

the fibrous absorption body 24 of PP/PE fibers can have

a sufficient function to serve as an element of

25 absorbing aqueous ink.

The fiber surfaces were analyzed by a

scanning

electron microscope (SEM), in order to verify that the



partly exposed to the outer surface, as a result of 25 which the fiber
surfaces have the outer |ayer (sheath) 23a surfaces and core surfaces. The
surface nodification nmethod of the present invention can inpart - 67
hydrophilicity to both the exposed core surfaces and sheath surfaces, even
in such a case. Wen a hydrophilic surfd4ant only is spread over the
surface and dried thereon, the surface partly shows 5 hydrophilicity only
during the initial stage, which, however, is |ost when the surface is
[inoed W (h P MBSl LG b po pecause L s fpgiant s
Lo e o R ERRS, 4 oo YADRED) LB 50 SO BB P 1 8
Qgtgr??ggg[lZ%gl|%L%égﬁ%hgél{ﬁ%d?$2€%2%€ké¥H%Q%dgﬁ%?%%; %%%tgﬁ%tainer to be
o ven i n Tab ROSTIEE GREELAE PR AR oL Ol zat  on treatnont o
Pol yoxyar kyl ene- pol 33 et hyT S 200 Ef T eaahcftie #dbnieida sem
photographs of the untreated PP/PE fiber surfaces of
the fibrous absorption body of Reference Example 1
(magnification: 150, 500 and 2,000, respectiveiy).
FIG. 17 shows the magnified SEM photograph of the PP/PE
10 fiber surfaces of the fibrous absorption body of
Comparative Example 4, treated with only the acid and
alcohol (magnification: 150).
FIGS. 18, 19 and 20 show the magnified SEM
photographs of the PP/PE fiber surfaces of the
15 hydrophilicization-treated fibrous absorption body of
Example 2 (magnification: 150, 500 and 2,000,
respectively).
No structural changes considered to result from
deposition of organic substance on the fiber surfaces
20 are clearly shown in all of these magnified SEM
photographs of the PP/PE fiber surfaces. Indeed, no
difference is observed between the untreated PP/PE
fiber surfaces (FIG. 16) and hydrophilicization-treated
PP/PE fiber surfaces (FIG. 20) even by the 2000 times
25 magnified SEM photographs. It is therefore judged that
the hydrophilicization-treated PP/PE fibers are

uniformly coated with a thin film (considered to be



Sul furic acid 0.5 |Isopropyl alcohol 95.5 - 68 The solution was prepared by
the method simlar to that for Exanple 1. I|sopropyl alcohol was first well
m xed with sulfuric acid added to 0.5 wt.%as concentrated sulfuric acid
concentration in the final 5 solution. Then, polyoxyal kyl ene-pol y(di net hyl
sil oxane) was added to the above m xture > 2.0 w. % as pol ymer
concentration in the final solution, and wuniformy dissolved therein, to
prepare the above hydrophilicization-treatnment. 10 (1)

Hydrophi lici zation-treatment_of polypropylen PP) _particles The PP

par 1 les 31 o EAR Haver f& BARIORRTdne AR A "0 2 o
The PP particl 31 re 'pqp sed | e QV b, .

hydr ophi | i ci zsaﬁ%’ferfer e’atsnrlkan"f I{s%lauﬁééo%né%ﬁ?ea%nnooe‘f hdélnff%rceo%tple%t%% ﬁ%onr‘)e

separated framd %ﬁéé@é@%ug{%gg b}ggg%:fé&%%a% d with the treatnent

solution 38 were p I n a contarl ner and hot wi nd was

vigorously sent im{p i aiggd Bppid ftédfrji]é&g%f&?t rédbes 31 to
er.

prevent fusing these particles wth ‘each ot ese particles e

treated gluri ng {iighe SdCR & VARV Nhdh e #afr | et i dbide _
treatment solution 38 and drying the particles. This treatnment nmethod is

one of the prefeid®beMHIEHSt At IRl odiese ind MY Iibtbegadise of the

favorable effects it brings; e.g., uniformcoating and fil m nmaking
sections in the fibers, as shown in the SEM photograph

(FIG. 17). These changes are considered to result from
deterioration of the PE/PP molecules on the fiber

10 surfaces (in particular PE molecules in the surface
layer ) during the heating/drying step, accelerated by
increased concentration of the acid as a result of
evaporation of the solvent and heat itself for the
drying step.

15 On the other hand, the hydrophilicization-
treatment for the present invention causes no cutting
at the fiber joints nor formation of knot-like sections
in the fibers, which are observed in the PP/PE fiber
surfaces treated only with the acid and alcohol,

20 although it uses the treatment solution containing the
same concentration of the acid and the same
heating/drying step. This fact indicates controlled
deterioration of the PE molecules on the fiber surfaces
during the hydrophilicization-treatment for Example 2.

25 It is considered, even when the acid acts on the fiber
surfaces to cut the PE molecules and produce radicals

within the molecules, that some materials and



resulting fromrotation of the PP particles thenselves - 69 and surface
tensi on around the spheres, to secure wuniformcoating. (Reference Exanple
2) The untreated PP particles were used for Reference 5 Exanple 2. The
treated surface conditions were evaluated by the follow ng nethods for the
PP particles treated for surface modi 7 c&®ion (Exanmpl e 3) and untreated
(Reference Exanple 2). 10 Method for evaluating hydrophilicity of the PP
particles (1) Evaluation by stirring with pure water The PP particles,

hyd hilici ' d f . | ] ' 3).and
Ihirented 15 CREPEPURGS SRRRGTe SJe CATAORY PR PO ekt STOREIGYH AN
| yet hyl ' t d t ) ' t b th
article condvbl bie. TFOEoakhar on Pae rhat FapBHARhEl cabPs8obT he pp-
i cl 20 T f | L LTI '
facor i bod. wnherFEaPprber: | EY CckRbottad riled LBE AT PLUF. (i Ted in

e e LU AR b oty oG ond) ety goret e

contrast, the e erence a wer e scar cel Yy

di sperseg in pHLerYBELr sufPIcEQURE {RvoPGed 016 ehd OcaPYEré O¥BT EhEhe
pol yet hyl ene container walls and float on pure water.
radicals to form the chemical bonds with the PE
surfaces while capturing the radicals formed and
thereby to control destruction of the PE/PP molecules
by the radical-caused chain reactions.

10 Overall, it is judged that modification of the
fiber surfaces is achieved in Example 2 by the thin
film of polyoxyalkylene-poly(dimethyl siloxane)
uniformly deposited on the fiber surfaces. The
favorable side-effects during the hydrophilicization-

15 treatment include cleaning of the fiber surfaces by the
acid and solvent contained in the treatment solution,
which possibly accelerates physical adsorption of the
polyalkylene oxide chain. The chemical bonding between
the PE molecules, cut by the acid of increased

20 concentration and heat, and polyalkylene oxide chains
can occur to no small extent.

The biaxial fiber may be eccentric, as shown in
FIG. 11B, with the core section (core material) 23b
partly exposed to the outer surface, as a result of

25 which the fiber surfaces have the outer layer (sheath)
23a surfaces and core surfaces. The surface

modification method of the present invention can impart



- 70 The results indicate that the PP particles prepared by Exanple 3 were
wel | surface-treated for hydrophilicization, as was the case wth the
contai ner prepared by Exanple 1. This neans that the untreated 5 PP
particle surfaces (showmn in FIG 21A vve_reﬁrpe_nsely coated with the coating
film38A of polyoxyal kyl ene- pol y(di net hyl sil oxane), as shown in FIG 21B.
It is also confirned that the nethod of the present invention is
applicable not only to a flat plane (Exanple 1) but 10 also to a curved

surface, such@srdistiil £d£rpUd asdtn (@@@lé%é@d d&reanidpadey mdde pol ymer

coating 38A as schematically shown in FI 21D. As shown, the ring- shaped

pol yner coat idiea38h QirtdieesUrdvae Rerdudiery cd«4d osafhdn ng- shaped section of
the section periphery) 15 to keep the surface-nodified section not com ng

off easily. HgdropHiAis dhef&eednOroly tite spriaht@bePRheaiinrfdee Fl GS.
21B and 21C are the section of the hydrophilicization-treated PP particle
and its partamd | griednthemsbry] evhe raspfote fEnytlarghdwss 21D is 20 the
pol ymer film covering the outer periphery of the PP particle. (Exanple 4)
Exanpl e 3 apphydacbphniel et ty doroky tderinesthd  indinvieslt isotade, avHidhi,ous el enent
of 25 propyl ene/ pol yet hyl ene (PP/PE) fibers for surface nodification with a
sol uti on contlwever poly (tbsretwiyen the cxanfaced arg noinesf] fwicth polng di net hyl
siloxane)) - 71

water with lightly rubbing, because the surfactant is

soon dissolved and eluted out in water.

(Example 3)

10 This example applied the present invention to

hydrophilicization-treatment of plastic particle

surfaces. More concretely, the polypropylene particle

surfaces were treated in a manner similar to that for

Example 1, which modified the water-repellent inner

15 wall surfaces of the polypropylene container to be
hydrophilic.
The hydrophilicization treatment solution having a
composition given in Table 3 was prepared.

[Table 3]

(Hydrophilicization treatment solution composition)

Components Composition
(wt.%)
Polyoxyalkylene-poly(dimethyl 4.0

siloxane)

Sulfuric acid 0.5

Isopropyl alcohol 95.5




havi ng am no group as the functional group. Mre concretely, the fibrous
el enrent of PP/PE fibers was coated with am no-nodified pol y(di nethyl

sil oxane), by the procedure simlar to that for Exanple 5 2, to nodify the
wat er -repel | ent pol ypropyl ene surface to be hydrophilic. The fibrous

el ement of PP/PE fibers wused in this e‘xaqul'e was the same as the one for
Exanpl e 2. This exanpl e used the sanme hydrophilicization 10 treatnent
solution as that for Exanple 2, except that pol yoxyal kyl ene-pol y(di met hyl

i I d 1 no- nodi fi ed I ' | sil .. [Table 4
cLLorane) ves Tepl et B AL R Ud) S PO CTSIMo 8 Lrarel [ Toble
Am no- nodi f i I [ 4 ' ' i d. 0.05 I
A no o011 SthAel (0 SRLIM 0.3 BILONAR) SHLNEL G801 0,081 00T o

organi c sol v%}{e@%mr%upiés%y& gy | Eﬁs dogli f4 ed ﬁgl y(di et hyl

si | oxane) as e am no- nodi pol y(di met hyl sil oxane) used

had a structi et @e i1 FREIY a PURSHddh e {SPead | #¥hd; of

pol y(di met hyl siloxane) substituted by a functional group having am no
group. I§ ass@iu€BHEr Oifdn Prodiied s <y foo 15 { d Gfeny Odi fied - 72 -

siloxane) was added to the above mixture to 4.0 wt.$% as
polymer concentration in the final solution, and
uniformly dissolved therein, to prepare the above
hydrophilicization-treatment.

10 (1) Hydrophilicization-treatment of polypropylene (PP)
particles

The PP particles 31 used for Example 3 were
spherical, having a diameter of 2 mm.
The PP particles 31 were immersed in the above

15 hydrophilicization-treatment solution 38, and then
scooped up to be separated from the solution. The PP
particles 31 coated with the treatment solution 38 were
put in a container 30 (FIG. 22), and hot wind was
vigorously sent into the container 30, while stirring

20 the particles 31 to prevent fusing these particles with
each other. These particles were treated during this
step by evaporating the solvent included in the
treatment solution 38 and drying the particles. This
treatment method is one of the preferred embodiments of

25 the present invention, because of the favorable effects
it brings; e.g., uniform coating and film-making

resulting from rotation of the PP particles themselves



silicone oil TSF47003). |sopropyl alcohol was first well mxed with am no-
nodi fi ed pol y(di nmethyl siloxane) added to 0.4 w.% as pol yner concentration
in the final solution. Then, 5 sulfuric acid as an inorganic acid was added
to the above mxture to 0.05 w.%as congentrated sulfuric acid
concentration in the final solution, and uniformy dissolved therein, to
prepare the surface nodification solution. 10 (1) Method for surface
treatment of the fibrous absorption body of PP/ PE fibers The absorption

body of pol yRrapYLerelBol YeiwdENErodddelite ARG t he, Siaugtyre shown in

FIG 12A, was 1mrersed in the hydrophobicization-treatnent solution 15 28
of the above ¢oiposhtéQe{dd G 12B). The solution was held in the voids
bet ween the fibrous absorption body. The fibrous absorption body hol ding

the sol uti on (N@SerdRSSekddpla 42C), to renove the surplus treatnment
solution held in the voids between the fibers. Wen 20 the pressing jig,

e.g., metallic nesihe Vastr&aa@ AP thertidhEs usevdsasdd | for bReifer&hew ned back
to the original shape, as shown in FIG 13A, with the fibers coated wth
the liqusd | agesmpIde2 absorption body with the fibers wetted with the
solution was dried in an oven at 25 60C for 1 hour (FIG 13B). - 73 -
(Ref erence Exanpl eTRg tieated remnt facd | domdist drsorydrenevabyatdd Y PE  fi bers
was used for Reference Exanple 3.
the following methods for the PP particles treated for
surface modification (Example 3) and untreated
(Reference Example 2).
10 Method for evaluating hydrophilicity of the PP
particles
(1) Evaluation by stirring with pure water
The PP particles, hydrophilicization treated for
surface modification (Example 3) and untreated
15 (Reference Example 2), were put in pure water held in a
polyethylene container and stirred therein by a
stirrer, to observe the particle conditions.
(2) Evaluation results of hydrophilicity of the PP
particles
20 The results of evaluation by stirring with pure
water are described. When the PP particles treated in
(Example 3) were stirred in pure water, they were found
to be dispersed and stirred in pure water. By
contrast, the untreated PP particles (Reference Example
25 2) were scarcely dispersed in pure water, and found to

be forced to move toward the polyethylene container

walls and float on pure water.



Each fibrous absorption body of PP/ PE fibers thus 5 prepared was eval uated
whet her its treated surface conditions were satisfactory or not. (1) Method
for evaluating surface nodification of the fibrous absorption body of PP/ PE
fibers a) Evaluation by inmrersion in an eous solution of 10 anionic dye
The fibrous absorption bodies of PP/PE Tibers, prepared by Exanple 4 and
untreated one (Reference Exanple 3), were imersed in a 10% aqueous
solution of C.I. Direct Blue 199 dye as the anionic dye, and then 15 washed

with pure mater\Miﬁbr %ﬂ{@g {éP#¢§¥¥}%%é{m%h%fE§% fopdidions. b) Results

of evaluation of the surface nodi tion of rous absorption body of

PP/ PE fi bers I?_f'@pézoécﬁ %r@xé igngsnvy%,frg Mlaiélppfﬁ%e;t%g%ﬁv%yati on tests

by i mersion inan aqueous solutio ani oni c rous absorption

body of PP/ Pﬁm%%ﬂ%ﬁl?il%fﬁ’@ﬁf&l,byamlﬁlé &R ech | gt don €y e n col or

derived fromt ye, en rmersed in a 10% aqueous 25 solution of C. 1.

Direct Blue 199 ghvee@Sp hexampndli L. dieis ahchidehaeshied whtreptdg vater
wi th rubbing. By contrast, the untreated fibrous absorption body - 74 of

PP/ PE fiders porp&et ot td coutFad®s e shoit Wedidack A twetdedansaiyal col or of
white, when imersed in a 10% aqueous solution of C.I. Direct Blue 199 dye
as the ani ondcaty®, witl thenco@sihmg il IBK o MpEIydrFdl kylene-
poly(dimethyl siloxane), as shown in FIG. 21B. It is
also confirmed that the method of the present invention
is applicable not only to a flat plane (Example 1) but
10 also to a curved surface, such as particle surface
(Example 3), to easily form the polymer coating 38A as
schematically shown in FIG. 21D. As shown, the ring-
shaped polymer coating 38A on the surface periphery
(closed ring-shaped section of the section periphery)
15 to keep the surface-modified section not coming off
easily. FIG. 21A is the section of the untreated PP
particle, FIGS. 21B and 21C are the section of the
hydrophilicization-treated PP particle and its
partially magnified view, respectively, and FIG. 21D is
20 the polymer film covering the outer periphery of the PP
particle.
(Example 4)
Example 4 applied the method of the present
invention to a fibrous element of
25 propylene/polyethylene (PP/PE) fibers for surface
modification with a solution containing poly(dimethyl

siloxane) (amino-modified poly(dimethyl siloxane))



5 rubbing, indicating that the aqueous dye solution was washed off and that
it was not conpatible with the solution. As described above, the fibrous
absorption body of PP/ PE fibers prepared by Exanple 4, where it was 10
surface-nodified with poly(dinethyl silgx?ﬂel having am no group as the
functional group, remained lightly cyan color, when imersed in the
aqueous dye solution and then washed with water, indicating that the

am no-nodi fi ed pol y(di methyl siloxane) attached to 15 the surfaces of the
fibrous absorgpti b f fiher s, e tion containing the
anino-nDdifieggbgggy%ﬂ¥%§tﬂgﬁﬁgF?%xgﬁg)?u%%?gggég %?ggﬁbl was spread over

the surface and dry r Lb SQE Phi body of PP/ PE
fi bers was coated %??ﬁ %gn§%§€%%¥ﬁogﬁ%d??ﬁgﬁaﬁo%g%ﬁ?ﬁgtﬁilﬁg?ngane), and

sur f ace- modi f Eegefat Qagheoseéhow&eh_egﬁﬂﬁatmaaifb@aagﬂg&d%feeﬂy@s a cationic
group in the amno-nodified poly(dinethyl siloxane). e fibrous absorption

body of PP/ PEjibR8hE), bBGOehAIpEatLQRTE S¥YmiDErSHbT 8REt 2PoDEkEMpREI ON,
reacted with the anionic dye in the aqueous anionic dye solution, to be

colored.slt was tal meaieyndnehabtéherépeelenvepelgptopglefiyasurnstde, by -
75 which was 1 ndicated that the surface nodification nethod of the present
invention effe6tbgehydpopghiled. | tRedeibtotbseelehentasserb)pEofibanpl ex
structure. In Exanple 4, am no-nodified poly(dinethyl 5 siloxane) having
am no group assadcahi ohie éxamplenabs the same as the one for

Example 2.

This example used the same hydrophilicization
10 treatment solution as that for Example 2, except that
polyoxyalkylene-poly(dimethyl siloxane) was replaced by
amino-modified poly(dimethyl siloxane).

[Table 4]

(Surface modification solution composition)

Components Composition
(wt.%)

Amino-modified poly(dimethyl 0.4
siloxane)

Sulfuric acid 0.05

Isopropyl alcohol 95.55

The solution was prepared using isopropyl alcohol
as an organic solvent alcohol well dissolving amino-
modified poly(dimethyl siloxane) as the polymer. The
amino-modified poly(dimethyl siloxane) used had a
structure with one of methyl groups in the repeating
unit of poly(dimethyl siloxane) substituted by a
functional group having amino group. It was a

commercial product (GE Toshiba Silicone, modified



group was used for nodification of the water-repellent PP surface. However,
it is considered that the PP surface can be surface-nodified to be anionic,
when a functional group other than a cationic one, e.g., 10 anionic
functional group, is used as the functi;wi? _substituent for the

pol y(di met hyl siloxane) section as the sKéleton of am no-nodified

pol y(di net hyl siloxane). An anionic functional group may be used toget her
with an alkali substance as the cleavage catalyst. Thus, it 15 is

consi dered that; R 62N, Pe s odified to have desired properties for
By changing. the T

speci fic purposes angl ng unctional substituent for the

pol y(di methyl sil pYEEIBhSE dde Sty hBedtditrethiq- the
surface deposition, depending on surface 20 nodification purposes. (Exanple

5) This examuhsy£Pidd sbiN@tieasil < IMVGHMAON ddedwd ase Wpeid igation of

plastic particle surfaces with a solution containing am no-nodified

pol y(di met hylp@byitdt QX@iedn t\E £or ONE e Hind hesdIal sABOPY I |in par ticl e
surfaces were coated, in a nmanner simlar to that for Exanple 3, with

am no- nosli fi esb pPhyidli deidiyds Sah oxedeganid Gacidrwairdadel nisli theat i on of the
wat er -repel | ent pol ypropyl ene surface. The hydrophilicization treatnent
sol ution haviatgpve mixpos tton dyeantiHh dabdencemasatEEEukturidabl e 5]
(Hydrophilicization treatnent solution conposition)
acid concentration in the final solution, and uniformly
dissolved therein, to prepare the surface modification
solution.
10 (1) Method for surface treatment of the fibrous
absorption body of PP/PE fibers
The absorption body of polypropylene/polyethylene
fibers, having the structure shown in FIG. 12A, was
immersed in the hydrophobicization-treatment solution
15 28 of the above composition (FiG. 12B). The solution
was held in the voids between the fibrous absorption
body. The fibrous absorption body holding the solution
was pressed (FIG. 12C), to remove the surplus treatment
solution held in the voids between the fibers. When
20 the pressing jig, e.g., metallic mesh, was removed, the
fibrous absorption body returned back to the original
shape, as shown in FIG. iSA, with the fibers coated
with the liquid layer. The absorption body with the

fibers wetted with the solution was dried in an oven at

25 60°C for 1 hour (FIG. 13B).



Conponents Conposition (wt.% Am no-nodified poly(dinethyl 0.4 siloxane)
Sul furic acid 0.05 Isopropyl alcohol 95.55 The solution was prepared by
the nethod simlar to that for Exanple 4. |sopropyl alcohol was first well
m xed with am no-nodified pol y(di nethyl s}'%oxane) added to 0.4 wt.% as

pol yner concentration in the final solutibn. Then, sulfuric acid as an

I norganic acid was added to the above m xture to 0.05 wt.% as concentrated
sul furic acid concentration in the final solution, and wuniformy dissolved

therein, to pg§9£§%$égeyﬁéﬁgﬁ%ﬁiyndification solution. (1) Surface
S

nodi fication yprop particles The PP particles used for

Exanple 5 were LGl re dEVd B &ér@éﬁrﬁi& rggd%'%rl%%ticl es were

i mmersed in the above surface nodification solution, en scooped up to

be separated {{1900-4NeaSOLdld OFor TREr EFeied tELdfis1s 37 coated with the

treatnment solution were put in a contalner 30 (FIG 22), and hot w nd was

vigorously sent imgh@ntAEHFONE BhBHEsrpWbh &dyY Idf NP I PRd+€| BSust O
prevent fusing these particles with each other, in a 5 nmanner simlar to

that fors Exar?}@p&ea' hese OPa1u4tEs wNEEIRer IEed egrshitd sttt scst ep by
evaporating the

conditions were satisfactory or not.

(1) Method for evaluating surface modification of the

fibrous absorption body of PP/PE fibers

a) Evaluation by immersion in an aqueous solution of
10 anionic dye

The fibrous absorption bodies of PP/PE fibers,
prepared by Example 4 and untreated one (Reference
Example 3), were immersed in a 10% aqueous solution of
C.I. Direct Blue 199 dye as the anionic dye, and then

15 washed with pure water with rubbing, to observe the
washed conditions.
b) Results of evaluation of the surface modification of
the fibrous absorption body of PP/PE fibers

The following results were obtained by the

20 evaluation tests by immersion in an aqueous solution of
anionic dye.

The fibrous absorption body of PP/PE fibers
prepared by Example 4 remained lightly cyan in color
derived from the dye, when immersed in a 10% aqueous

25 solution of C.I. Direct Blue 199 dye as the anionic
dye, and then washed with pure water with rubbing.

By contrast, the untreated fibrous absorption body



solvent and drying the particles. (Reference Exanple 4) The untreated PP
particles were used for Reference 10 Exanple 4. The treated surface
conditions were evaluated by the follow ng nmethods for the PP particles
treated for surface nodification (Exanple 5) and untreated (Reference
Exanple 4). 15 (1) Method for evaluating Brface nodification of the PP
particles a) Evaluation by inmmersion in an aqueous solution of anionic dye
The PP particles, prepared by Exanple 4 and 20 untreated one (Reference
Example 4), were imersed in a 10% aqueous_solution of C.I. Direct Blue 199

dye as the a‘?ﬁo‘?ﬁ/cp%y%lb%’?ﬁl E e rRGERTRRCS BXATRYR i uzied P2el, to

b th h di t f | uat th
modi 11 cation B ¢ C&”@ﬁaﬁawf%w PSS! S PEneh 18 e b,

the evaluation tests bi/

dye. The PP p%??e%T%ss repared’ E§ &g QEQQH(?§§%¥<#O”H$%y'C;gn .ﬁnégpgf
derived froméljig%ﬁl%/‘e %gsl't nd q@éé%%}%@ V;lO‘éqt he of C 1.

Direct Blue e ani oni C ed WI pure water

and dri eg. Byr&%h‘ig?‘?tinéf@aé’fﬁé eglgd a?e p@éﬁé&§%§@rsolutlon was

washed off and that it was not compatible with the
solution.
As described above, the fibrous absorption body of

PP/PE fibers prepared by Example 4, where it was

10 surface-modified with poly(dimethyl siloxane) having
amino group as the functional group, remained lightly
cyan in color, when immersed in the aqueous dye
solution and then washed with water, indicating that
the amino-modified poly(dimethyl siloxane) attached to

15 the surfaces of the fibrous absorption body of PP/PE
fibers, when the solution containing the amino-modified
poly(dimethyl siloxane), acid and alcohol was spread
over the surface and dried. In other words, the
fibrous absorption body of PP/PE fibers was coated with

20 the amino-modified poly(dimethyl siloxane), and
surface-modified into the cationic element by the amino
group as a cationic group in the amino-modified
poly(dimethyl siloxane). The fibrous absorption body
of PP/PE fibers, becoming cationic by the surface

25 modification, reacted with the anionic dye in the
agueous anionic dye solution, to be colored. It was

also found that the fibers were colored cyan inside, by



Ref erence Exanple 4 returned back to the original color of white, when
imersed in a 10% aqueous solution of 10 C.I. Direct Blue 199 dye, and then
washed with pure water and dried, indicating that the agqueous dye
was washed off and that it was not conpatible wth the solution. As
descri bed above, the PP particles prepd?éﬁshy 15 Exanple 5, where
surface-nodified with poly(dinethyl siloxane) having am no group as
functional group, remained lightly cyan in color, when imrersed in
aqueous dye s

i no-modl 11 VO e CERIRERAE SRR 8 "B Re Pl Rl EhR 20es o

PP particles,

si | oxane), acld a%%?%fc%ﬁ%%%\g%e&gg@%%%é k?%éé‘%ﬂlﬁ%%q{é%%fg}?@gy(
words, the Pf’n@fdé | G eéné!"efdPo&PaﬁQeﬁ%id? 6#%&%&5& odifL e >
Si an fred i

pol y(di net hyl oxane), surface-no o the "cafionic PP
particles by the af na QHOUD 25 FnfRdLIMULE1 S By (uidiSerpl no- modi f
pol y(di met hyl siloxane). - 79 ' The PP particles, becomng cationic b

sol uti on

t was
t he
t he
e
f the
di net hyl
| n ot her

i ed
y the

surface 5nodid] fekad) KSAASTaMAd JHOUFUOM Cedlyforit tAigncHYRQYUS ani onic

dye sol ution,
of 5 the PP
PP particles

to be colored. I n the evaluation of the surface nodifi

@%&%%%m@d&%@ﬂ%&@ﬁfi@&@i&s dhecrRd Wit Er JyEpel HOMEY
can be colored differently depending on the dye used.

cation
er, the
Thi s

exanpl e used phesiiFragas t i KbwsSver, 21t é neshsimdtsd tiweveie pse of finer

10

15

20

25

surface can be surface-modified to be anionic, when a
functional group other than a cationic one, e.g.,
anionic functional group, is used as the functional
substituent for the poly(dimethyl siloxane) section as
the skeleton of amino-modified poly(dimethyl siloxane).
An anionic functional group may be used together with
an alkali substance as the cleavage catalyst. Thus, it
is considered that PP can be surface-modified to have
desired properties for specific purposes by changing
the functional substituent for the poly(dimethyl
siloxane) section as the skeleton to be utilized for
the surface deposition, depending on surface
modification purposes.

(Example 5)

This example applied the present invention to
surface modification of plastic particle surfaces with
a solution containing amino-modified poly(dimethyl
siloxane). More concretely, the polypropylene particle
surfaces were coated, in a manner similar to that for

Example 3, with amino-modified poly(dimethyl siloxane)



PP particles expands their surface area, possibly 10 inproving coloring
ratio of the dye on the PP particles and hence producing the brighter
particles. The colored PP particles can be used as the colorant to be
di spersed in ink, when they are suffici ly fine. 15 In Exanple 5,

ami no- nodi fi ed pol y(di nethyl siloxane)” having ami no group as a cationic
functional group was used for nodification of the water-repellent PP
surface. However, it is considered that the PP surface can be

sur f ace- modi {1611 &g DE-CTHAR £10468h %2 OuldEd{PA e s POt her than a

cationic one, e.g., anionic function group, Is used as the functional

substi tuent f§51§§§b%¥dgggi§@%fgge§ionane) section as the skel eton of
y(di

am no-nodi fi ed po met hyl siloxane). An anionic functional group may be

used together W three BPaed K 1iSLASEBHE S Asa tlkdn €| SSMBEEor MAY ¥8§ - a Thus, it
is considered that PP can be surface-nodified to have desired properties

for specific QomMpOSLELiHY $HodWi 19 Tade 3 Rgad WedpHiad . substituent for the
pol y(di net hyl sil oxane) section as the skeleton to be utilized for the
surface deposjtawre sippendi ng on surface nodification purposes. 5 (Exanples
6 and 7) Exanples 6 and 7 applied the nethod of the present invention to a
fibrous el emefiiydfopitilidiistiot tiwyatmabt |sclwedonncompesieidn)in addition

to Exanple 2 géHpgggaégenent of PP/ PE T1Ders. Nq?e d%ﬂ&%f%fbntfﬁ
(wt.%)
Amino-modified poly(dimethyl 0.4
siloxane)
Sulfuric acid 0.05
Isopropyl alcohol 95.55

The solution was prepared by the method similar to
that for Example 4. Isopropyl alcohol was first well
mixed with amino-modified poly(dimethyl siloxane) added
to 0.4 wt.% as polymer concentration in the final
solution. Then, sulfuric acid as an inorganic acid was
added to the above mixture to 0.05 wt.% as concentrated
sulfuric acid concentration in the final solution, and
uniformly dissolved therein, to prepare the surface
modification solution.

(1) Surface modification of polypropylene (PP)
particles

The PP particles used for Example 5 were
spherical, having a diameter of 2 mm.

The PP particles were immersed in the above
surface modification solution, and then scooped up to

be separated from the solution. The PP particles



10 el ement of PP fibers was forned into a rectangular parallelepiped, 2 by
2 by 3 cmin size, conprising the PP fibers of 2 deniers in size. Tw types
of the hydrophilicization treatnment solution, each having a conposition
given in Table 5 or 15 6, were prepared. ,}Tabl e 6] (Hydrophilicization
treatment sol ution conposition) Corrpon'erﬁ s Conposition (w.%

Pol yoxyal kyl ene-pol y(di methyl 0.1 siloxane) Sulfuric acid 0.0125 | sopropyl
al cohol 99.8875 - 81 - [Table 7] (Hydrophilicization treatnent sol ution

comozi o) SRR SRR (bl Gy e o) V(2 ey
Sigilgﬁ?iuaﬁ?i I‘%}g‘é oq%llggpdr)opy °t:31 c)o’Elf)Eﬁ{%n pur%%ﬂ%@%%gﬁéﬁﬁfﬁrggr?d?gn?he
treatment soldgioni QS HABScLind®, hayeld N AboMEy P Isd it Bl es
to prevent fusing these particles with each other, in a
5 manner similar to that for Example 3. These particles
were treated during this step by evaporating the
solvent and drying the particles.
(Reference Example 4)
The untreated PP particles were used for Reference
10 Example 4.

The treated surface conditions were evaluated by
the following methods for the PP particles treated for
surface modification (Example 5) and untreated
(Reference Example 4).

15 (1) Method for evaluating surface modification of the
PP particles
a) Evaluation by immersion in an aqueous solution of
anionic dye

The PP particles, prepared by Example 4 and

20 untreated one (Reference Example 4), were immersed in a
10% aqueous solution of C.I. Direct Blue 199 dye as the
anionic dye, and then washed with pure water and dried,
to observe the washed conditions.

b) Results of evaluation of the surface modification of

25 the PP particles

The following results were obtained by the

evaluation tests by immersion in an aqueous solution of



15 This solution also contained sulfuric acid and

pol yoxyal kyl ene- pol y(di net hyl siloxane) diluted 4 tinmes. The fibrous

el enents of PP fibers were hydrophilicization-treated, in a manner simlar
to that 20 for Exanple 2 for the fibrqys7§I§nent of PP/PE fibers, with the
solution of the first conposition containing isopropyl alcohol as the ngjor
sol vent (Exanple 6) and wth the solution of the second conposition
(Exanmple 7). 25 (Reference Exanple 5) The untreated fibrous el enent of

PP/ PE fi bers y2onisegd or Reference Exanple 5. The fibrous el enent of PP/ PE
fibers for Reference anple 5, having water-repellent surfaces, was - 82

surface-nodi fied tphdape pyetoPhéd | Sropufad asy tdmple Sxpemdtsed and 7, as
was the case with the one treated by Exanple 2. In order to eval uate extent
of hydrophi l1Lgh¥1ly tdear i D atsl et edeerd wed Of rdux ot edy®, agiters 7 and

Ref erence Exanple 5 were slowy placed on 7 g of an aqueous ink solution
(surface energymersedyin ca)lOheddudyus pelutich sbif The. ubireat eBlde br ous

el enent of PP/ PE fibers for Reference Exanple 5 was observed to float on
the 10 agueouk99 nkye Bys come rarsionidiodye f candextingah egasheddwibth apwsoe bed t he
ink fromtheir bottomsurfaces, to clearly different extents, however. The
fibrous el enematéprandgxdmip@. 7 totally adsorbed the ink in the petri dish

By contrast, the untreated PP particles for

Reference Example 4 returned back to the original color
of white, when immersed in a 10% aqueous solution of

10 C.I. Direct Blue 199 dye, and then washed with pure
water and dried, indicating that the agqueous dye
solution was washed off and that it was not compatible
with the solution.

As described above, the PP particles prepared by

15 Example 5, where it was surface-modified with
poly(dimethyl siloxane) ha&ing amino group as the
functional group, remained lightly cyan in color, when
immersed in the aqueous dye solution and then washed
with water, indicating that the amino-modified

20 poly(dimethyl siloxane) attached to the surfaces of the
PP particles, when the solution containing the amino-
modified poly(dimethyl siloxane), acid and alcohol was
spread over the surface and dried. In other words, the
PP particles were coated with the amino-modified

25 poly(dimethyl siloxane), and surface-modified into the
cationic PP particles by the amino group as a cationic

group in the amino-modified poly(dimethyl siloxane).



whereas the one for Exanple 6 alnost the half. 15 There was no significant
difference between quantity of pol yoxyal kyl ene-pol y(di net hyl sil oxane)
coating the fibrous elenents for Exanples 6 and 7. The difference between
these el enents in ink-absorbing capacity conceivably resulted from
difference in extent 20 of orientation of7?he polyner itself. For exanple,
the polyner coating the PE/PP fibrous elenent for Exanple 6 was generally
oriented, but partially disordered. Orientation of the polyner on the
el ement for Exanple 7 was disordered to a nmuch 25 smaller extent. It is
consi dered t hdte tBRe BRI RS HOAM R F3EamhtPYthe surface
pol yoxyal kyl ene- pol y(dj net hyl sil oxan - 83 gives a denser, better
oriented coatffYlFiARYIOMSPAITERD (et EiR FHMIS A MR HE a sol vent
added to water i n addjtipn%‘f | sopropyl al cqhol . The treatnent solution
preferably cotUFHES ANIUNRG %Lﬁ#‘?ﬁ%‘b’f ?ic}éeopc?%]ﬁﬁe 1 cohol for uniformy
wetting the surface. ,,Howeyv the surface may.be well. coated w’tﬂa
solution contai niﬁ_b ’fhs%p%% at; %%h%# %t‘e b%lf%%?%%?%lo%tceﬁfl%? C40%is the
ovel fop theysoluhion usefin Examlse Tae |SOPTAPURS! GONGL; 4 Sapyapor at ed
faster than other solutron c on s during thne soflven
evapor at i on/ diyldg. ! efhe 4SSTEASING 0 SANEDICIASES a3 BT ALY 5 pPhenomenon
is taken into consideratrton, e "Surtface can be coa edlvve W a solution
containing iopLoR¥hg LY @e RBlOY 408 MULGYS e ISP QW PP
particles of 2 mm in diameter. However, use of finer
PP particles expands their surface area, possibly
10 improving coloring ratio of the dye on the PP particles
and hence producing the brighter particles.
The colored PP particles can be used as the
colorant to be dispersed in ink, when they are
sufficiently fine.
15 In Example 5, amino-modified poly(dimethyl
siloxane) having amino group as a cationic functional
group was used for modification of the water-repellent
PP surface. However, it is considered that the PP
surface can be surface-modified to be anionic, when a
20 functional group other than a cationic one, e.g.,
anionic functional group, is used as the functional
substituent for the poly(dimethyl siloxane) section as
the skeleton of amino-modified poly(dimethyl siloxane).
An anionic functional group may be used together with
25 an alkali substance as the cleavage catalyst. Thus, it

is considered that PP can be surface-modified to have

desired properties for specific purposes by changing



15 al cohol content of below 40%is preferable fromindustrial safety. This

i nvention provides an innovative surface nodification nethod capabl e of
perform ng desired surface nodification based on the new nechani sm which
20 uses no ozone, ultraviolet ray or the dike for radical formation to
process an el enent for inproved properties, nor depends on prinmer coating
(e.g., coating of a silane coupling agent) which may cause uneven coati ng.
This invention also provides a 25 treatnent solution for the surface

modi fi cation gt hﬂ%%tfé,%@rgupégpﬁ;&gt byod hﬂ’%&)ﬁgédm‘g’cﬁﬂf ace structure

itself obtained by the surface nodification. - n particul ar, the

surface nodi féfﬁéi&%ﬁ%é@@i&fn,aé %@théﬁV%‘tBé’%ﬂifée&OfSi'Ve an
el ement surface desired functions and/or characteristics of the

sur f ace- modi {1 d) Gs POt JEETAdPoH1 £ L5 ) rtgeﬁé}iﬁi&g?%ﬁ af\@h£Hcroup contained in
the polyner at the nolecular level. It can effectively nodify an el enment of

conpl ex surfrRs®bfication perBdsesNner wal | surfaces of conplex shapes
havi ng hol |l ows or voids. Mdification by orientation at the nolecular |evel

can greatly reekempbed 06 readi? d quantity of the nodifier. For exanple, the
present invention can uniformy and continuously hydrophilicize surfaces of
pol yol ef i n- based resamsled i Gidamd ™ afgplised €he.metlobd edhytlesmeppadent
pol ypr opyl ene. -85- C ains
invention to a fibrous element of PP fibers for
hydrophilicization treatment, in addition to Example 2
for the element of PP/PE fibers. More concretely, the
10 element of PP fibers was formed into a rectangular
parallelepiped, 2 by 2 by 3 cm in size, comprising the
PP fibers of 2 deniers in size.
Two types of the hydrophilicization treatment
solution, each having a composition given in Table 5 or
15 6, were prepared.

[Table 6]

(Hydrophilicization treatment solution composition)

Components Composition
(wt. %)

Polyoxyalkylene-poly(dimethyl 0.1
siloxane)

Sulfuric acid 0.0125

Isopropyl alcohol 99.8875




1. A surface nodification nmethod for nodifying a surface conprising at | east
a part of the surface of a structural elenent by supplying a functional
group for surface nodification to said surface, wherein said surface

nodi fication nethod conprises: a flrstg%foof supplying a liquid

contai ning a polynmer which conprises a first part having a functional group
and a second part having an interfacial energy different fromthat of said
functional group and approximately equal to the surface energy of said
surface and whpghhd syfifferent froma constituent material formng said
surface wherein said 1iquid is capable of dissolving said polyner and is

vet tabl e w t h g@d£bs I AE67 0 1 SRl Ere SRERO Isd ufor &Sk i @i segond step of

orienting thgsSecomdpart—of—Sard—potymer towardsaru—Ssur facearrd qri enti ng

said first pgrioURPNENt i fferent side from said sYrFAROTHERMPply said
functional grjoup to said surface; a third step of Stk Vi ng a cat allyst for
cleaving a pC|pgﬁyogihfﬂyiédégydij%ﬁﬁﬁgﬂﬂ the gdolynmer pnisaid fifst step;
a fourth;stegéaldQéﬁgqrm sal d polymer while said cleaving catal yst
concentr at es p-A—sa-d——i—gH-d—eiHtRrg—t-s—evap—orati-ohA—bsi-rg—sai-d—catial yst for
cl eaving a pcISuﬁﬁunmx:genetate fractionalized polyners ofl.9aka surflace; and
a fifth step [of—bondi fractronalr zed poryTers w ti—eact otgr on said
sur f ace, mhereﬁ??gﬁﬂQ¥' §ﬁ§ﬁg} obtained in a nanner £HaPfractiofalization

is made by sqlﬁhfguﬁgﬁgg for cleaving a polyner gnd thesgrggtsonal ijzed
pol ymer s are bGﬂded——2——1he—€+#4éﬁﬁk44¥¥m4ﬂ4%&—ﬁazhed—éékéﬁﬂ—44ﬂ44¥4-n claim

1, furt conprising a fifth step of bonding said fractionalized polyners
with ea other on said partial surface. 3. The surface refornlng nmet hod as
set forth in clai erekn_ i |rs sai i surface is
provided with a |?%UI %%91%urn$ﬁ§$rac |ze Iﬁf%%uc{ ich are

par . in t Ke"éfé%é‘ﬂg%f%%d?ﬁcgi%%e%l‘ﬁé"@#‘%%?ﬂ%%%dﬁ AL 0 pr oduct s (8
oriented 10 2| doRsf ldfy St éa&‘ eANA Nepfle Jiddd, sterdiectdaghigpal i zed

products oriente on sai rt|a ace are at l'east partially polynerized

one anot her byoi:@eii&@%f%a%wezl 284 1198y e 4hd NEbSHE f@GfpdSI OISR Ng met hod
as set forthin claim3, wherein said fifth step conprises a heating step

for caussng Brid sONGENSRA Do PObYERI ARt WNEudic TRwesurdage reform ng
met hod as setforth in claim3, wherein said fifth step conpri ses

condensat i on pelysryameylene- b1y ( AUmOEFE s PRby4Ares 5.dfludd® surface
reform ng method as set forth in claimb5, wherein said condensation
pol yneri zati obiséep i nvol ves a
The fibrous elements of PP fibers were
hydrophilicization-treated, in a manner similar to that
20 for Example 2 for the fibrous element of PP/PE fibers,
with the solution of the first composition containing
isopropyl alcohol as the major solvent (Example 6) and
with the solution of the second composition (Example
7).
25 (Reference Example 5)
The untreated fibrous element of PP/PE fibers was
used for Reference Example 5.

The fibrous element of PP/PE fibers for Reference

Example 5, having water-repellent surfaces, was



i quid phase pol ynmer and conprises an annealing step of water nol ecul es
generated at the tinme of condensation polynerization on conpletion of
evaporation of a solution dissolving said polymer. 7. The surface reform ng
met hod as set forth in claim6, wherein the heating tenperature in said
annealing step is higher than the highes 2t'enperature at the time of using
said surface and |l ower than the nelting point of said surface and the
melting point of said polyner. 8. The surface reform ng nethod as set forth
in either one | ai 3 4 ' [,d. funcy.l r i.S. a

hydr ophi I i ¢ gsr‘grﬂfp&% lef%‘?f%%e%% ﬁﬁ?ﬁ%@e@h@f%ﬁpﬁ?&%ﬁ B el aim 3,
wherein said i S&Ir exlsts, | e.l . f.ac f t formng
an i nner spaclac'e)}.?e[“ilk)fésl'héseJ ésﬁ(?%beé’%e %ér gltlrrll% cnée%gflggdlélz ghe ?Igélt?e%%%ﬁai m 3,

wherein said g#gé%qﬁpié A Stfj n&;\?}éf‘%@'&;@ﬂ;a?e Idxtdie serface reformng

met hod as set In claims3, erein sald element 1s a particle-like

el ement. 12. JherSpi{ PLE €£4] OERR NBi RSN ke Bt s f A5+ NekdngGl &4 M8 Sangherein
said elenent has a circular part conposed of a curved plane form ng an

outer cigcunfergng erOfcPelEOSEzaRSid 0N Weid @&*pfe,gl&éé&%@rfz ape and has
said partial surface in the outer circunferential Tace of said circul arpart

and is provi dgd ybdods Pahk COSL @i t swr faddN St gy Ni £¢ AP & pol yrmer and
circularly and closely surrounding at |east the outer circunference of said
circular parthérd o atpéstrbydsehd second step. -86- 13. The surface
reform ng nethod as set forth in claim3, wherein said functional

group- suppl yi ng porly@reintseatedr £1ilgames | ¢ bameret haf | P/ BE f fileétnbbr gr oup.
14. The surface reform ng nethod as set forth in claim3, wherein said
partial surfaReféesenoapisanpbé arnwas edbservedsto fhoalt sem dtlieinct i ona
group-suppl ying polyner is a polyal kyl sil oxane having a functional group.
15. ThelQ@ur f aagueedisrinkg nBy hoontsase: thosd for cExamplles handifm said
functional group of polyal kyl siloxane having a functional group is

pol yal kyl ene akseebed 6thahénk uffemethetnripdtigomestofiaees seto fokedrly cl ai m
12, wherein polyal kyl sil oxane having said functional group is

( pol yoxyal kyl @hefepenty (extemrtay| Revewer ne) Tha 7f ibpeus e lement ef@¥ ni ng net hod
as set forth in claim3, further conprising a step of renoving unreacted

el enents af t&¥amRle ScEohAl LY epdsapbedhhe yinkpchn reherPe gl didldd as set
forth in claim3, wherein in the first_step the supplied liquid contains a
di | uted sul f WRRT@RF dthe QBeafPF cExgaRte & ra}megt nthey Rk affinity

15 There was no significant difference between
quantity of polyoxyalkylene-poly(dimethyl siloxane)
coating the fibrous elements for Examples 6 and 7. The
difference between these elements in ink-absorbing
capacity conceivably resulted from difference in extent

20 of orientation of the polymer itself.

For example, the polymer coating the PE/PP fibrous
element for Example 6 was generally oriented, but
partially disordered. Orientation of the polymer on
the element for Example 7 was disordered to a much

25 smaller extent.

It is considered that the hydrophilicization

treatment with polyoxyalkylene-poly(dimethyl siloxane)



with the el ement surface and a treatnent agent of a polyner conprising a
first parthaving a group with an interfacial energy approximtely equal to
the surface energy of said surface and a second part having a group with an
inter- facial energy different fromsaid £§:¥t_erfaci al energy; a second step
of renoving said agent for reformng the arfinity by heating said surface; a
third step of cleaving the polyner in said treatnment agent by concentrating
said diluted sulfuric acid to a concentrated sulfuric acid; and a fourth

step of condepsatd o-RAUSEE! Igd #1815l dd i %@&@ﬂlioiag@f, Aph&R! gheur f ace
and at the sanme time orienting the first part of the polyner toward said

surface and ofdeaftnditk I OGN dind) 4 b didderatesi€e ddegr, said
surface. 19. The surface reform ng nmethod as set forth in claim3 for

reformng a hyfdrpdiokicn st fagsppyin £1csRdlt. t ortee thwemgie [ ic, wherein
said surface reform ng nethod conprises a step of sticking, to said

hydr ophobi ¢ sggateion pgrefds B8} | ertk sl Uet Sl e rarsourid 2y dsophi | ic group
and a hydrophobi ¢ group and obtai ned by cleaving a polynmer conpound havi ng
sai d hyds ophidsaprpmelp albissl dfdyy diraipfoadn Iy grediing theresuefaddat sai d

hydr ophobic group is oriented in the surface side of said hydrophobic
surface and stowkevadr ofie |sur fparipnay e el edoatddevidth extsaluttohf er ent
fromthat of the hydrophobic group. 20. The surface reform ng nethod as set
forth in cl aicortginmire el sopny ¥ ralstotonial atz dekJowdiX? s(ontssitd dfydr ophobi ¢
surface are condensation-polynerized with one another. 21. A surface

reform ng net4dd s the Yewal for cthe malutrorrusaetheieiEranpke sT kp conpri ses
a step of fractionalizing said polyner conmpound by applying a |iquid

cont ai ni ng salsPRRPBIerakehvlunts BNPREXA Yed cthsker urhan etk o sai d

hydr ophobi ¢ surface, concentrating said diluted sulfuric acid to be a
concent¥@it ed SRAYEAOR RERPRAN R MTART FRFRLVERF f ace, and cl eavi ng sai d
pol yner compound by said concentrated sulfuric acid. 22. A surface reform ng
met hod as set®YRRUIPHIPRY AWHAND, SRR 19FERARMRY ol i ORERRT Pt T by using a
liquid containin wat er and a non-aqueous solvent with | ower vapor pressure
than that of WRAIRrtHeS RRSHOTSRAY Lo TrEm HHSR MR HPTSFL@ dMequl d on

vater 1o of onRRESe (T S OmIh T hhC T 19 STLHEL SarForTbaon sai o

hydr ophobi f . . f ] hod f b, | ai
14 whorer n SRR G T AR IO AR R B "

as a conposition a desired

face ofy sai d VAUEANObLE S (B Gedy fopUid Ao falaril nagRthod as st

forth in claim wheérein Sai ol ymer conp iI'S an organosi | oxane havi ng
a hydrophi |1 ¢; g4 QPrial safety.

This invention provides an innovative surface
modification method capable of performing desired
surface modification based on the new mechanism, which

20 uses no ozone, ultraviolet ray or the like for radical
formation to process an element for improved
properties, nor depends on primer coating (e.g.,
coating of a silane coupling agent) which may cause
uneven coating. This invention also provides a

25 treatment solution for the surface modification method,
element produced by the method, and surface structure

itself obtained by the surface modification.



25. A surface reform ng nmethod as set forth in claim19, wherein the

hydr ophobi ¢ surface of said elenent is conposed of an olefinic resin. 26. A
surface reform ng nethod as set forth in claim19,wherein said pol yner
conmpound i s polyal kyl sil oxane having a hydrophilic group. -87- 27. A
surface reformng nethod as set forth i'n*l aim26, wherein said hydrophilic
group has poly(al kyl ene oxide) chains. 28. A surface reform ng nethod as
set forth in claim 26, mherein said pol yal kyl si | oxane havi ng said

hydrophilic group ; sd }Et(lq?lo kt?ﬂa. mlp%é/ Bt sl dﬂgq‘p@h &% A surface

reform ng rret hod a wher ei'n sai ' enent has a

|1 f d
practically ¢l cI b essgﬁ&ftgace &%’déﬁﬁ{kf’béocrg%}‘{féc AGE 1% S W AES ée or e

exi sts in sai A surtace orm ng method as set forth in

claim 19, whey é@'ﬂuﬁé&% drfa @l ac s 4 SU T el o m ng et hod

as set forth |n a| m 19 el n ‘sal errent has at ast a circular part

which is Co@ﬁsfébélfm&iﬂih“/r?éj ﬁo’iﬁﬁnéz‘)rﬂ? Qﬁ-l%r{?dﬂ@edtﬂ‘é rEM@Ei SippPe as an

outer circunferential cross-section and said step ™ conprises a step of

coating mt | easd d;a dsHtaledUlerird oIYienae e sRIIEAITSM BEvpRIt Of said
el ement with sai fractionalized products. 32. An elenent having a parti al
surface conpast Réhrittef Aastive PA M i fh efiird e b fTabip Bsk wi t h a pol yner
conpound, wherein said polymer conpound is a material which is either

sol ubl e i n a ot fetds Ore T ngll émeretl Nirfeat atadll Hunfdase ofliddmplet fromt he
material at |east conposing a part of said partial surface and which

conpri ses a fshagpjepaidvirayihgllaewd wictvaidd. giMadi fainchtai edmnd part havi ng
an interfacial energy different fromthat of said functional group and

appr oxi mat el yoripratation het sthd aselenerayy ldvesaichrparteatlysurddiose and sai d
second part is oriented toward said partial surface and said first part is
orientedin trequirettquantity evfenthd modifisr saikbpatanpleurtlzee, wherein
said nodification is obtainable by the surface reform ng nethod as set
forth in any pifesgnl rinventi@l cah el fomelivl angblgontinugpelind to be appli ed
to said surface_is obtained by bonding said finely fractionalized polyners
whi ch each JV¥fORMECHR i FHF FacRS \PF RRAYIRfindnsed revigser by

cl eavage with said catalyst. 33, The elenent as set forth in claim32,

wherei n sai d BIRAARG VEE 11381 @1 %r, REVYLEHPENRI and PUFRERPHIMR- at | east
in a part and is provided with said polyner conmpound in at least a part in
said circular part as to coat the part wwth said polynmer conpound. 34. The
el enent as set forth in claim 32, wherein said partial surface of said

el enment is conposed of an olefinic resin and said polymer conpound is a

pol yal kyl si | oxane having a hydrophilic group.



35. The elenment as set forth in claim34, wherein said hydrophilic group is
pol yal kyl ene oxide. 36. The elenent as set forth in claim34, wherein said
olefinic resin is polypropyl ene or polyethyl ene and said poly- al kyl sil oxane
havi ng said hydrophilic group is (polngyalkylene)-poly(dinethylsionane).
37. The elenent as set forth in claim3 a substance reactive on said
functional group is introduced into said partial surface by causing

reaction ; id functional group with said substance reactive on said
functional group. 36. The elenentas set forth in claim37, wherein said
substance reactive on said functional group is a coloring material. 39. The

el enent ds Awatfack gpdiflsatibmmeiod ifanrm8yingpr soNacel@alpriaing 41 least p odryafithe swigwepPbusyattrah a
phase conpoeadntbyfsurplyped freianstameerd adtace medficaten tBBUY swircewinerein sadsyriaceroditepigl e t o
wat er , V\her'é‘?"ﬁd PRESEY r st part of sal d poI ymer corrpound has a hydr ophi I ic

group and the rsqgtg I; EQI Uldsc%llit in merw c% COIH) aﬂs as ari]n aQ}nglon PI’OU
cner oy 1 over 1ESEot el Bitach il el LB LSl BN
appr oxi mat el yequﬁcbu@lsume& @ysfus. aﬁ&eewhgy.seﬁer&nmq A8tGenCHERS) gQ iq sai d
pol yner nat er susthce weneh Salilighicse@pidd opdssiiviig SaiDfoyRtatdls Wadad dintshesuphtasmaic onposed
of said pol yngementad tertrpaidd; and said first part is oriented in the direction
di fferent froffectigttersf oriptiip fberfasoed ReD AfFRIS Rotmey flowerd paifl S%Fwé?flemq edfirgtlpartty gi ve
hydr ophi | i cit :’h' Zf?"‘tsﬂ%fm"psﬁﬁé aced EPé’éEldBTc""é;‘%lPH“ Ol sERceat eri al .. 40. An

el ement as sef "GP # S1PRY' ""a?f"ﬁ‘Ysé cleRia p BYVR e Lo c1RIYTe R oA P "hsa'aaﬁaaqsat e
subst ance of fP%F‘Fbﬁ&F%"Ez}T U"é‘ﬂ' aid F'??"'é%ﬁaﬁ'yséﬁﬂ"‘fe&‘{??s in 33 "q "%?‘(?‘n

set forth in %ftl Iste dnsl}z@ ar%;)zge” ﬂza? su ac "Své poI mer

partwhi ch is GROS rm&w;cm zatl f mcggysﬁor%a% owrgnu h@#a ShaRe a

outer circunf gJﬁ@,tsb,abonggdoss section and which has at |east a part coat ed

with a filmcontaining a polynmer and circularly surrounded with the filmin

one cl osed Thasufa@sefdroing resthod #m setdrttlin steim fi dutker cquatising a fiiih eteredf bengjaui seid {otioyatized

conmpound ispoélmPraWi@reP%IO‘hva?I‘?PP@a'w@abl e in a solvent or has a main skeletal

structur eg g%ffj e%?{fl%m%rnge Fsrﬁe% § Ia| relsa| d el enent surface. -88- 42. The

el ement a aLeforyedLsy rein
efurs ste a| I surface i rovn a li contai naliz r Whi .

sai d el enenty, dsydely Gk el nQﬁa%@je fed 1o ; %d@% ﬁg i ¢ and

sai d hydrODhObhﬁxeSAdSrh@ﬁ@thé ﬁccrneﬁaarormelfratcﬁznémd W@Et@ﬁbﬁehtb&to kh)e P agaostahmk with

fractional i zedinpe Gl $Bh e E0E6pdlize8 pradictSoriaion i phrit sugfice P atdeast patiaypdiyrasaiea bi C

group and obteamqne@yby\dqnba@mpblmgpriaﬁonpol ymer conpound havi ng said hydrophilic

group and sai d hydrophobic group in a nanner that said hydrophobic group is

ori ent ed '?nT'teH%“aSed‘FfT"a'ﬁ%m‘g'?°ﬂéss&‘ff°”§ Clige sV alelo eI eilvig 4 (s "aﬁ'ag g ffogicausing

hydr ophi | i ¢ SreBUFTe"BMERT8Y in the direction different fromthat of the

hydr OphObé CTIQ IQH& refo4r??ing %@dﬁL&Mclaﬂﬁa vﬁ%m ;aﬁlflithlateﬁ Qm&’s@'c&ﬁhéﬁgatlmpolﬁqenﬂﬁbw ng an
ol efi ni C 1 egdrkg-dabneh fREbrsi N t he surface and a reforned surface

6. The surface reforming method as set forth in claim 5, wherein said condensation polymerization step involves a
liquid phase polymer and comprises an annealing step of water molecules generated at the time of condensation
polymerization on completion of evaporation of a solution dissolving said polymer.

7. The surface reforming method as set forth in claim 6, wherein the heating temperature in said annealing step is
higher than the highest temperature at the time of using said surface and lower than the melting point of said
surface and the melting point of said polymer.

8. The surface reforming method as set forth in either one of claims 3 and 4, wherein said functional group is a
hydrophilic group.

9. The surface reforming method as set forth in claim 3, wherein said partial surface exists in the inner face of an
element forming an inner space.

10. The surface reforming method as set forth in claim 3, wherein said element is a string-like element.
11. The surface reforming method as set forth in claim 3, wherein said element is a particle-like element.

12. The surface reforming method as set forth in claim 3, wherein said element has a circular part composed of a
curved plane forming an outer circumference of a cross-section with a closed circular shape and has said partial
surface in the outer circumferential face of said circular part and is provided with a part coated with a film containing
said polymer and circularly and closely surrounding at least the outer circumference of said circular part in one
turn by said second step.



by maki ng said surface hydrophilic, wherein said elenent has a

| i qui d-contacting surface structure having practi- cally reciprocally a
hydrophilic group with a relatively |long chain and a hydrophobic group with
a relatively short <chain on said elenment surface and forned by form ng an
el enent surface coated with a treat menf®sol ution con- taini ng a pol yner

havi ng the hydrophilic group and a group with an interfacial energy
approximately equal to the surface energy of the el enment surface conprising
at | east ®aite solaafréforinog @B Bs @Sord IrRAMSE, Wiek@Rbid £ANPARBIE-supping pdiyHe@8lan caUl furi c
acid as a chaoeplaxeng heviag afugetienalgfoursai d pol ymer, and an al cohol, evaporating the
treatment sol uti on adheri ng to said elenent surface and si rruI t aneously
concent r at¥ Hg T ‘:d‘?' I'Cﬂ'%eﬂw RISt ot I8 claip B yhered $8i8 pagtiaksyfpcimtompasedp anslefiniprdsie  aci d
on said el efEATC SHIPALRPEEPYIHRSYBE &R p%%?lkﬂs"ﬁ‘a’fei‘ﬁ’@’rgaméﬂ'ﬂl‘a‘[%h

condensat {s0feRMaYe TibrnRd Mol el il & crame%mere.prarmﬁm ardhift of p;”lrkylsero GNRRLgas Set
forth in cl aiurbidhd gREME RFaidie Il ar shape. : lerren et forth in
claim42, wherein said el enment has at | east a Ci rcuI ar part Whl ch S
conposed ¥ Ttw sgiaceveieiming me@d hosetforih ¢p caimCiR.0¢adn wiyalgisliodne BAvap@idASictaial b &1

ci r cunf er entepipvatkyiene)poiydimethvisivxarpld sai d fractionalized products are stuck to
at least a part of the outer circunference of said circular part. 46. An

el emrent ag. Setsurfacaréfbrmingmethoaiasgedfdih innair Riurthes@amplisied £t Bt rertiRisg Wrepttcdelenaal | y

cl osed spaceftessad sgerdatehydr ophobi ¢ surface facing to said closed space. 47.

An el enent as set forth in clai m42 wherer n sal d hydrophobr c surface |s
conposed Y¥ T'?fr?“ f?'ﬁ‘l"%’“?"i—f’gf gt forly

t ste urdc tamsa d|| v |

wher ein sai &:n‘?rl .}» 1:%4?,% At B b %El#pnér F? ?3) E ith r nalel ement

as set fort oﬁrhzml ualt W Sifthcd roidl s@ngan nd b Soo ¢ art .nga e o

hydr OphObI cfaslhrrer‘ieegqeiffdr&tftohheau&hhérfaaﬂenergg) sar d fiber. . An e errent as set

forth in clai n*aééaqnd\ﬁhedfemmr@amdjagémbneéformmgﬁmpmeﬁleammf; sad ode€ part and a

surface |ayer ebtadstangf draying thepelymer ip said tregient #vent Preconeemiiptng Saidsiited spffuckeacigfo a

ol efinic re§9“PP§":éﬁ€Id‘t’:S'ala§d F'?é‘snl n_conp OSsI ng said core glrt hasﬁlrl a tllTeesl ting point

2'392:,[ ]E 2?? tent%g thrgfrst[) E{ é ngﬁ ?P pqérﬁjé sar sﬁ.‘rga(r:‘eg aar\?dgnmyrrhésecong éyém the?erenté‘lge ftgm enent
.J ”§ ereln a resi J o e I'S

pol ypr opyl ene and a reS| n com posi ng sai d surface Iayer i's poI yet hyl ene.

52. An el By sudse ﬁﬁﬁmrfg@l‘eﬁ&i ds Bet €rtdin i 1, for\Mﬂﬂﬁrﬁﬁ dhy&edn6bicGOkaCe Pak bleneht il tial ly

exposed t o hjvepidiveeremadid sufi-a€ @fortirg meodkomirkad Gitstep biastidk@e @b spib GEhtbphosic adier e t o

bot h of t he frecipaeizeidropgis tompiising alydrorbitiramuiprad 4 hydipptiobicgiogp agd phipeiéy Jeaymap polyBg.  An

el ement as seroyng having jajd hygrpphili graupcend sald fydrpgholioareug ingpnanngyeat eajdfydgorhalic greyPyener

conpound ha\?f‘e‘r'?Q1 ? WQ%W\XEBIF p f:&"‘ g‘f"ES’EHBb'c jugach aroyalf R‘S‘?T°§1"'F FREECreBA In YIS Bent  as

setforth i n ME RS ARRPECHYY Y el enent conprises a pol y(al kyl ene oxi de)

group as Qéa:lTﬁta s}ﬂyﬂé rQIQh'hnl; In€thod as set forth in claim 19, wherein said fractionalized products on said hydrophobic
surface are condensation-polymerized with one another.

r|c a r e orm a |ty

21. A surface reforming method as set forth in claim 19 or 20, wherein said step comprises a step of fractionalizing
said polymer compound by applying a liquid containing said polymer compound and a diluted sulfuric acid to said
hydrophobic surface, concentrating said diluted sulfuric acid to be a concentrated sulfuric acid on said hydrophobic
surface, and cleaving said polymer compound by said concentrated sulfuric acid.

22. A surface reforming method as set forth in claim 19, wherein said step is carried out by using a liquid containing
water and a non-aqueous solvent with lower vapor pressure than that of water as said liquid and in a drying step
of said liquid on said hydrophobic surface, said non-aqueous solvent is evaporated prior to water to element a
state in which a thin film of water is formed on said hydrophobic surface.

23. A surface reforming method as set forth in claim 19, wherein said liquid has a composition having wettability to a
desired face of said hydrophobic surface.

24, A surface reforming method as set forth in claim 19, wherein said polymer compound is an organosiloxane having
a hydrophilic group.

25, Asurface reforming method as set forth in claim 19, wherein the hydrophobic surface of said element is composed
of an olefinic resin.

26. A surface reforming method as set forth in claim 19,wherein said polymer compound is polyalkylsiloxane having
a hydrophilic group.
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surface res G)tlferélemg\t k}gﬁet forth in claim 34, wherein said hydrophilic group is polyalkylene oxide.

36. The element as set forth in claim 34, wherein said olefinic resin is polypropylene or polyethylene and said poly-
alkylsiloxane having said hydrophilic group is (polyoxyalkylene)-poly(dimethylsiloxane).

37. The element as set forth in claim 32, a substance reactive on said functional group is introduced into said partial
surface by causing reaction of said functional group with said substance reactive on said functional group.

38. The element as set forth in claim 37, wherein said substance reactive on said functional group is a coloring matenal,

39. The element as set forth in claim 32, provided with a polymer compound in a phase composed of a polymer material
having 80° or wider contact angle to water,
wherein the first part of said polymer compound has a hydrophilic group and the second part of said polymer
compound has an interfacial energy lower than the interfacial energy of said hydrophilic group and approximately
equal to the surface energy of said phase composed of said polymer material, and
said second part is oriented toward the phase composed of said polymer material and said first part is oriented
in the direction different from that of the phase composed of said polymer material to give hydrophilicity to the
phase composed of said polymer material.

40. An element as set forth in claim 32, wherein said element bears a condensate substance of fractionalized products
in said surface.

41. The element as set forth in claim 40, wherein said element has at least a circular part which is composed of curved
face forming a closed circular shape as an outer circumferential cross-section and which has at least a part coated
with a film containing a polymer and circularly surrounded with the film in one closed turn as to reform said surface
part, wherein said polymer compound is a material which is soluble in a solvent or has a main skeletal structure
different from the material of said element surface.
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pol ymer . to said element surface and simultaneously concentrating the diluted sulfuric acid to be a concentrated sulfuric

acid on said element surface to ring-open said polymer, and then condensation-polymerizing the ring-opened
products.

44. The element as set forth in claim 42 having a granular shape.

45. An element as set forth in claim 42, wherein said element has at least a circular part which is composed of a curved
face forming a closed circular shape as an outer circumferential cross-section and said fractionalized products are
stuck to at least a part of the outer circumfererice of said circular part.

46. An element as set forth in claim 42, wherein said element has a practically closed space and said hydrophobic
surface facing to said closed space.

47. An element as set forth in claim 42, wherein said hydrophobic surface is composed of an olefinic resin.
48. An element as set forth in claim 45, wherein said olefinic resin is polypropylene or polyethylene.

49. An element as set forth in claim 42, wherein said element is a fiber and said hydrophobic surface is the surface
of said fiber.

50. An element as set forth in claim 49, wherein said fiber is composed of a core part and a surface layer coating said
core part which are respectively made of olefinic resins and said resin composing said core part has a melting
point higher than that of the resin composing said surface layer.

51. An element as set forth in claim 50, wherein a resin composing said core part is polypropylene and a resin com-
posing said surface layer is polyethylene.

52. An element as set forth in claim 51, wherein said core part is partially exposed to the outer wall face and said
fractionalized products adhere to both of the exposed part of said core part and said surface layer.

53. An element as set forth in any one of claims 42 to 52, wherein said polymer compound having a hydrophilic group
is polyalkylsiloxane.

54. Anelement as setforth in claim 53, wherein said element comprises a poly(alkylene oxide) group as said hydrophitic
group.

55. An element as set forth in any one of claims 42 to 52, wherein said polyalkylsiloxane having said hydrophilic group
is (polyoxyalkylene)poly(dimethylsiloxane).

56. A method for manufacturing a fiber with reformed surface, wherein said fiber has an olefinic resin at least in the
surface and a reformed surface provided with hydrophilicity in said surface and comprises:

a first step of supplying, to said surface, a solution containing dissolved fractionalized products obtained by
cleaving of an alkylsiloxane polymer having a hydrophilic group; and

a second step of condensing said fractionalized products on said surface and simultaneously orienting said
alkylsiloxane to said surface and orienting said hydrophilic group in the different direction from said surface.
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The method as set forth in claim 56, wherein:

in the first step the fiber surface is coated with a treatment solution containing a potyalkylsiloxane having a
hydrophilic group, an acid and an alcohol; and
the treatment solution adhering to said fiber surface is dried at a temperature higher than room temperature.

A fibrous body made of a fiber, having an olefinic resin at least in the surface and provided with a polymer compound
in said surface,

wherein said polymer compound is a material which is either soluble in a solvent or having a main skeletal
structure different from said material forming the surface and which is a polyalkyisiloxane comprising a hydrophilic
group and the alkylsiloxane part of said polyalkylsiloxane is oriented toward said surface and said hydrophilic group
is oriented toward the direction different from said surface side to provide said surface with hydrophilicity, said
fibrous body being obtainable by the method as set forth in claims 56 or 57.

The fibrous body as set forth in claim 58, wherein said fiber is composed of a core part and a surface layer coating
said core part which are respectively made of dlefinic resins and said resin composing said core part has a melting
point higher than that of the resin composing said surface layer.

The fibrous body as set forth in claim 59, wherein said core part is partially exposed to the outer wall face and both
of the exposed part of said core part and said surface layer are provided with hydrophilicity.

The fibrous body as set forth in claim 60, wherein said resin composing said core part is polypropylene and said
resin composing said surface layer is polyethylene.

A surface treatment solution to be used for the surface reforming method for carrying out surface reforming by
supplying a functional group for reforming to a partial surface to be reformed composing at least a part of the
surface of a prescribed element, wherein said solution contains a polymer provided with a first part having a func-
tional group and a second part having the interfacial energy different from that of said functional group and ap-
proximately equal to the surface energy of said partial surface, a volatile solvent having sufficient wettability to
said element and being a good solvent to the polymer, and a cleaving catalyst of said polymer.

A surface treatment solution as set forth in claim 62, wherein said surface treatment solution further contains a
second solvent having wettability sufficient to said element but lower than that of said volatile solvent, which is a
good solvent to a polymer and has sufficient wettability to said element, being a good solvent to a polymer, and
having votatility lower than that of said volatile solvent, which is a good solvent to a polymer.

A method for producing a surface treatment solution as set forth in claim 63, wherein said method for producing
said surface treatment solution is carried out by dissolving said polymer in a volatile solvent having sufficient
wettability to said element and being a good solvent to said polymer and then mixing a volatile solvent having no
wettability to said element and being a good solvent to said polymer.



