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BACKGROUND OF THE I NVENTION Field of the. Invention The present invention
relates to a nonofilanment which deconposes in the natural environnent,

which is excellent in heat stability gnd form ng workaty kkbyembbi 2b0oR2aS
hi gh nechani cal strength, particularly knot strength and | ongitudi nal
cracking resistance, and which is suitable for products typified by strings
for tennis rackets. Description of the Related Art In the recent years, from

t he vi ewpoint of natural envir ntal protection, a biodegradabl e pol yner
and its processed product, mhiﬁﬂﬁﬁgegﬁﬁggﬁ—Iﬂygﬂgiﬁatural.environnent, are
requi red and st udi l.y._degradabl e resins such as an aliphatic
pol yester are doneﬁégﬁﬁ&g%y&&ﬁLAé%%ﬁ%ﬂﬁ@§§ Foife FRODUHS e THERANANE, a
polylactic acid, potentially has a heat of conbustion not nore than half of
that of polyethylene, and is naturally hydrolyzed under the ground or in

wat er and thereafter converhsg6Eﬁgﬁh@éggL&%%LiggméaégnParn1ess deconposed
products. Studies for obtai . ically films ,
sheets,_fiéﬁgé?jﬁﬁL%ggThéﬁggégabng_polylactic acid are being made.
Pol yl actic acrd Tam be nits strength by stretching. However,
s Boor i b 1T ext G (8RS BetBYFRE 4oBrEe LREEE | Fol BnigpPodRaamens ARy
onthe- ot har AR bes Loy P hatliah SRt oqeiioh & ShoPYAshicHs AR
B{)FS;JELCI {%r?aa]%léﬁ'cﬁéﬁ%fﬁc;i gfchﬁﬁ’ﬁéj NGELR0B 11 £3" POKYLh R3S §:30d an aliphatic
strength, particularly knot strength and longitudinal cracking
resistance,andwhichissuitableforproductstypifiedbystrings
for tennis rackets.
Description of the Related Art
In the recent years, from the viewpoint of natural
environmental protection, a biodegradable polymer and its
processed product, which decompose in the natural envircnment,
are required and studies on naturally degradable resins such as
an aliphatic polyester are done actively. In particular, one of
these examples, a polylactic acid, potentially has a heat of
combustion not more than half of that of polyethylene, and is
naturally hydrolyzed under the ground or in water and thereafter
converted by microorganisms into harmless decomposed products.
Studiesforobtainingformedarticles,specificallyfilms,sheets.
fibers and the like, using polylactic acid are being made.

Polylactic acid can be improved in its strength by stretching.

However, since polylactic acid is a hard and brittle material,




exanple of flexible, naturally degradable resins. For exanple, Japanese
Pat ent Publication (B2) No. 2851478 reports that a nonofil anent excell ent
in heat stability and nmechanical properties can be obtained by using, as a

bi odegradabl e nonofilanment, an aliphabi c pol yester mhﬁqpsgﬁﬁmpsgp Bb%pared
by increasing, with a coupling agent, a nolecular weight of a re?atlvely
hi gh nol ecul ar wei ght pol yester prepolyner having a hydroxyl group on

term nal of nolecule which mainly contains a polyester obtained by reacting

two conponegit § <0 : ..polybasic acid (or anhydride thereof) ,
and if necessarybggrghgﬁ€¢%éf€%ﬂbsﬁéﬂ¥?ué@h#é%ﬁﬂ'éﬁé pbsgfimdidnyiaiudinal
conmponent @4 f | - Or tra-functional pol yhydric al cohols,

oxycar boxyl i ¢ algrip%sf%r?ds%%ﬁ?/aﬁ%‘%&%% xR Ethici de lnthaciniy drdide tdhareof) .

Japanese L@E&dﬂ%ﬁhlﬁﬂﬁﬁgré}ﬁ4écati0“ No. 10-110332 (1998) reports that a
nmonof il ament suitable Tor a Trshline can be obtained by nelt-spinning a

bl end pol yner conggi Ri,R9 east . one species of polyal kyl ene di carboxyl ate
havi ng a nelting pointa S?Eﬁ%tﬁﬁgﬂéraphaﬁg?éété§ Rolyestegospopestdand at

| east one RGBS AGHd olylactic acid, a copolyner of polylactic
acid and 3 16§Septenbgﬁﬁfgbéhgﬁg%$5'%#?ﬂrﬁ&n?ﬁ&&ﬂ%ﬁh%aP@}Yﬁsnatienamd
he second conponent)

conponent tarbBevidpg fir.st .conponent)/ (t
wei ght ratio of 5/% gfﬁgbf%%f%gbwé' ,aﬁﬁﬁaQﬂ%%ﬁﬁﬁ??ﬁ?ﬁﬂ%e@%@¢%obbiaiaad by

these netéesapaseck! @bl nd_lqQw.in.tensile strength and exhibit great
el ongati on, inpgeneral. T%E%%foﬁé%Wr g&@“ﬁﬁﬂﬂ%ﬁn?%ﬁiﬂﬁeir practica

\use as monof i | amns exliib1as ShELAGSE 1. Lar gi@;fiw%f R!ai,zgeﬁéi. %gfﬁé’y

since they contain nmuch _térla . erat .
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mechanical properties can be obtained by using, as a biodegradable
monofilament, an aliphatic polyester which has been prepared by
increasing, with a coupling agent, a molecular weight of a
relatively high molecular welght polyester brepolymer having a
hydroxyl group on terminal of molecule which mainly contains a
polyester obtained by reacting two components of a glycol and a
polybasic acid (or anhydride thereof), and if necessary as a third
component, at least one polyfunctional component selected from
tri- or tetra-functional polyhydric alcohols, oxXycarboxylic
acids and polyvalent carboxylic acids (or anhydride thereof).

Japanese Laid-open Patent Publication No. 10-110332
(1998) reports that a monofilament suitable for a fishline can
be obtained by melt-spinning a blend Polymer containing at least
one species of polyalkylene dicarboxylate having a melting point

of not lower than 70°C as a first component and at least one species

selected from polylactic acid, a copolymer of polylactic acid and




The strings for rackets neans strings to be used for rackets for tennis,
soft tennis, badm nton, squash and racquetball. Heretofore, a string for a
racket has been called gut. Gut is literally made of gut of sheep or cow and

has still been used by some players tgpified by profesg gagterhbaygbs3zat
present because of its overall playability feeling and the |iKke.
Particularly in soft tennis, whale tissue has been used in stead of gut for
tennis and occupies a position simlar to gut. These have advantages in

ball-hittin nds,, cree roperty and the like in addition to overal
pl ayabi | i tygfp:?gjjir ﬂg‘,hyéﬁ?g%?gléa%‘%ﬁebiafaé\/ﬁﬁﬁagéscmxi@mnt\ﬂat ¢her eahgeaate,
hi gh price @&g ﬁir}e | ike. For éhgse reasons, strings nmade of synthetic
fibers, pa“ TR aAN Y CRBPEaRPEd /(Fhe SSFRB CompOnsaty, watghhaowt p biies 165
Sept enber 2003, ppinstreamin the world. This is because the problems of |ow
wat er resistance and high price, which are drawbacks of natural gut, can

be overcone and t ALe. ex el ﬁ%ﬂiﬂn durability when repeatedly used. By
the way, overall playabtii t@,‘e 13t19 Delyestersfobsainadi hy &hesehree

| mport ant QRG4S required of rings . for _rackets. Lacking any one of

t hese propgrgt | esé%?légk ﬂ?’ﬁ%ﬁ)ﬁe a&éi??’ tgaghieisirengih apdrexihipl nygawdt ty,
which is | |11 gnce at Itt] ball, includes feelings such as

bal | - hol dimnéglryfnéea{ﬁdgr{ 'a%‘d‘ IR Feel #ﬁgrﬁswsw- h3eTe rREe iRFPLERRS sl [thieilrt | ng
sounds. Th saljql i i nel udes th durability agai nst wear in repeated
use and rgfg%t{l\%gnles&sgeof e#n%?%%fjgﬁm%“ FrPRgh 1 Eegt#ﬁﬁgﬁageroFaC!&?ftiSn@irng

i s ease togiRegh St to a_racket. |t has been well known that when
al i phatic pol éegtngrsg Irqgkggivr?%'t SIS FPsTe fORtRAThMUsh Siatariaks of omati ¢

pol yester Srelatively low melting points, they may cause problems of fusion

due to frictional heat and scuffing due to rubbing, and therefore
are not practical,

The strings for rackets means strings to be used for rackets
for tennis, soft tennis, badminton, squash and racquetball.

Heretofore, a string for a racket has been called gut. Gut
is literally made of gut of sheep or cow and has still been used
by some players typified by professional players at present
because of its overall playability feeling and the like.
Particularly in soft tennis, whale tissue has been used in stead
of gut for tennis and occupies a position similar to gut.

These have advantages in ball-hitting sounds, creep
property and the like in addition to overall playability feeling,
but also have disadvantages of poor water resistance, high price

and the like.

For these reasons, strings made of synthetic fibers,

particularly polyamide-type synthetic fibers, are now in the




are applied f or strings f or rackets, good overall playability can be
obtained as predicted fromtheir tenacity -elongation curves. However,
there are two probl ens about durability, that is, problenms on the face
tension retentiveness and on |ongitudinal = cracking of1d idepi@nben2003B t akes
place at the tinme of tightening a string with a clanp or the |i ke when the
string is installed to a racket. That is, this neans that there has been
two problens in the inportant characteristics. Thinking that overcom ng
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sufficient mechanical strengt practically used also as”a ?Ping for

rackets andewdiaGlad)s, I lent in workability. The present inventors
eagerly studied in order to solve such problens, and have found that the

EPovei ool oot san Be tRECRED; SVEMaPY BXLEUOLDILH, RhERLEN REoRARCHDL of

bl ending mainly a polylactic acid type yner~and an ali phatic po
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extruded material. T s, the present ention ament f ofred

by extrudi terj p d end| I 0 ' |d type
pol ymer anggg%eg?ipﬁg§#§£%gléggt8?¥o? e? F%gng%8%§¥§gfgc&¥%%§%ggﬁﬁgﬁﬁamdng
the extrudgdapnlghhal;safangeyer. the present invention is a nonofilanment

formed by extruding a materiral prepared by blending nmainly a polylactic
The overall playability, which is mainly resilience at

hitting ball, includes feelings such as ball-holding feeling and
soft feeling following vibration, and ball-hitting sounds. The
durability includes both durability against wear in repeated use
and retentiveness of tension of a string face. The ease of
stringing is ease to install a string to a racket.

It has been well known that when aliphatic polyesters
relating to the present invention as well as aromatic polyesters
are applied for strings for rackets, good overall playability can
be obtained as predicted from their tenacity-elongation curves.
However, there are two problems about durability, that is,
problems on the face tension retentiveness and on longitudinal
cracking of filament which takes place at the time of tightening
a string with a clamp or the like when the string is installed
to a racket. That is, this means that there has been two problems

in the important characteristics.

Thinking that overcoming these two problems can make the




acid type polyner and an aliphatic polyesters other than polylactic acid in
a blending ratio in weight of 95/5 - 61/39 and draw ng the extruded
material. 16 Septenber 2003 6 Furthernore, the present invention includes:
the monofilanent wherein at |east two species of the ¢§ighatmbePPepters
other than polylactic acid are containedyg the nonofilanent wherein the

al i phatic polyesters other than polylactic acid are mainly conposed of an
al i phatic carboxylic acid conponent and an aliphatic al cohol conponent,

mher o n t haP SRR O R e A & g Asial SRPOrCTHAgS For
olylactic ' \Y; ] d tructure. fqQrnmed either in each of

Pdl o bet ueaERe 8! En gk CORRL TSR Ner o bl RebRBTRaABhIg Saint et ragent
aliphatic r ol vl acti idis |lower than that of the
pol SI actic g@?ﬁﬁtﬁégé %%P%n’%%gg%%%%‘f‘? Is;rﬁ?crﬁemé‘ldepﬁv?h%cﬂ?‘aﬁﬂ-ﬁﬁhﬁésthe

conduct ed tenvet ot lower than the nelting point of the aliphatic
pol yest er g’%ﬂeer ‘?Ea%ﬁggwﬁg@t'i c acid; the nonofilament wherein the

polylactic acid type polyner is oriented and the aliphatic pol yester other
than polylactic acid is not oriented; the nonofilanment wherein the final

drawratiois 3 - 9 tines; ar&ﬁﬁ&m@%ﬁ rein surfaces of the

af orenenti oned nonofil anents are r material such as an

al i phatic pol yest g, a4k B r%g t her no the present invention

i's a process for 16 Sept%r%éér go é]aﬁ?esgﬁjf :[]nven{fén :Ts Qo provide a
monofilament which has sufficient mechanical strength to be

practically used also as a string for rackets and which is
excellent in workability.

The present inventors eagerly studied in order to solve
such problems, and have found that the above object can be
accomplished by extruding a material prepared by blending mainly
a polylactic acid type polymer and an aliphatic polyester other
than polylactic acid in a predetermined proportion and drawing
the extruded material.

That is, the present invention is a monofilament formed
by extruding a material prepared by blending mainly a polylactic
acid type polymer and an aliphatic polyester other than polylactic
acid and drawing the extruded material.

Moreover, the present invention is a monofilament formed
by extruding a material prepared by blending mainly a polylactic
acid type polymer and an aliphatic polyesters other than

polylactic acid in a blending ratio in weight of 95/5 - 61/39 and

drawing the extruded material.




7 producing a nonofilament conprising extruding a material prepared by

bl ending mainly a polylactic acid type polyner and an aliphatic polyesters
ot her than polylactic acid in a blending ratio in weight of 95/5 - 61/39,
and drawing the extruded material at a tenperature notglqapesmberRdd®s

nmel ting point of the aliphatic polyesteg other than polylactic acid.
Furthernore, the present invention includes: the process for producing a
nonofi |l ament wherein at |east two species of the aliphatic polyester other

than polylactic agi re used;, .and the process for producing a nonofil anent
wherein the poIy?g%ﬁﬁ?€§9§?13ﬁﬂ?;Rﬁ%ﬁﬁﬁk el GR | HEtPRePol yest er ot her

and of bet veen t horteNEvBSEAT TERE BEBESTE (At Rt IR 8 (FhgS T or
of 1 hese manaPITAS BO LA s Hindi et phlvge o aradkere, contaieed:
part of their strioeuraroltisifa: MRECIR M. Suphakdeope vActans oiPRRgs |
{0 be uvedchah RS AOLAELS, Solh LB RRedloLon, sausst and
a1 phatl o Bakkeskan ol Ao RalyLad 16 opl end, Lhe,Like, Lo e used 1
2ot PR TSR Lm0 B Ao £, BELY Tl SSRRE? 20
D‘laqtic aci d. Th@héeﬁ8ﬁ5§593ﬁgHEi%kg¥;iﬂs%ge polylactic acid and the
aliphatic polyester other than polylactic acid have a crosslinked
structure formed either in each of and/or between them:
themonofilamentwhereinthemeltingpointofthealiphatic
polyester other than polylactic acid is lower than that of the
polylactic acid type polymer;
the monofilament wherein the drawing was conducted at
temperatures not lower than the melting point of the aliphatic
pPolyester other than polylactic acid;
the monofilament wherein the polylactic acid type polymer
isorientedandthealiphaticpolyesterotherthanpolylacticacid
is not oriented;
the monofilament wherein the final draw ratio is 3 - 9
times; and
the monofilaments wherein surfaces of the aforementioned
monofilaments are covered with a polymer material such as an
aliphatic polyester and a polyurethane.

Furthermore, the present invention is a process for



herein neans that the polylactic acid may contain other nononer units
derived fromneither L- lactic acid nor DO lactic acid unless the effect of
the present invention is inpaired. As a nmethod for producing the polylactic

acid can be adopted arbitrary known polynerization nef@egptediber P33
typically known nethod is one in which ?.Iactide, whi ch i s an anhydrous
cyclic dinmer of lactic acid, is subjected to ring-opening polynerization
(a lactide nmethod), but lactic acid may be directly subjected to

condensat i %n | ymerization. In the case where the polylactic acid is
conposed o If%g"f 1 AGRefin anenfe FPTRE isiom ext Bedlng aotatemid bprBpaaetd C

acid, the &oé%/mer .is crystalline and of high nelting point. Furthernore,
since the Cry3talfTRPA R REA Pl A RcikeE¥Pe Dodiymesr andainyalighastied by

changing a ritieostof mongmer ynits derived fromlL- lactic acid to those
derived fr8f B adtit HAF ('QH‘BP SRR ERFEC agid/ nratbbgndangr geticalin
char acterigv iic an§b§ c%ntr I.l.ed dependi ng upon uses. Mboreover, other

hydr oxycar ox;ct’lhi c %%cPa€ 3or hé 3P k 8NfnfragdngdobBRy ABEradadumpsesinfeat a
properties Lyl actic acid are damaged. Furthernore, for the purpose of
i ncrease | ﬁgiﬁBE%E‘)éPgﬁ §’°f6‘i§é’|§r%rm@n 20653 MRt kg ROt rof chiemtal hphetic

Vi scosity, l.a nt a chai el ongating agent, a crosslinking agent
and the I|R§l§g§% ran%él(?'rri gg't?%r?é’aé’q&ﬁ%ﬂfsi,d-epoxy conmpounds, acid

anhydri des and | des, _can_be enployed. A wei ght average nvol ecul ar

wei ght of the pgﬁe@%gﬂ‘bﬁ?efEganggFﬁXFhénvaﬁﬁéoaf isgludes:to 1, 000, 000.

Wien it is less th \ﬁ’}hois ragge, sat.isfactory nmechani cal properties and the
like are not shown. = WISITY® &RERTRWPHIRI A APROLIiGmENS: Wheyedacakeeadbr .

two species of the aliphatic polyester other than polylactic acid
are used; and

the process for producing a monofilament wherein the
polylactic acid type polymer and the aliphatic polyester other
than polylactic acid have a crosslinked structure formed either
in each of and/or between them.

Moreover, the present invention includes strings for
rackets, sutures, fishlines or strings for musical instruments
consisting of these monofilaments and also includes strings for
rackets, sutures, fishlines or strings for muslcal instruments
using these monofilaments as a part of their structural members.
The strings for rackets include strings to be used for rackets

for tennis, soft tennis, badminton, squash and racquetball etc.

DETAILED DESCRIPTION OF THE INVENTION

The polylactic acid, aliphatic peclyester other than

polylactic acid and the like to be used in the present invention




In the present invention, the aliphatic polyester other than polylactic
acid (henceforth, sinply referred to as "aliphatic polyester') includes,
for exanple, a polyner conposed of an aliphatic carboxylic acid conponent

and an aliphatic al cohol conponent and a pol ymer conpps&dpeémder 2loozhatic
hydr oxycar boxyl i c aci d conponent. Exanpl of nethods for producing the

al i phatic polyester include a nmethod wherein a high nol ecul ar wei ght
product is obtained by directly polynerizing these conponents, and a

i ndirect ne d el i gh.nol ecul ar wei ght product is obtained by
pol yreri zi n%P h&s Eggh%gﬁes% & 53:‘3(90%}%%‘% ol i goner and then using a
chai n el ongati on qﬂ§qh% the aliphatic polyester to

| ke. | f
be used in the presen é)irpnl{;/%?“)ﬁ'equeéh%e%}irpﬁhgpﬁé’lﬁﬁl%f’@l’-_dr’réﬂeafﬁ’mer
Conpounds 15266 Fe8"8uBsaRr1aT1S BpiRne Fongrien pinits da ke d RN cbaci d
j i i des.or. 16 mber 2003 10_derivatiy
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or nore species may be used. reover, _ 't o ornipg ?UEL?PSEa
B b SRR B L0 ok L eI
arbitrary known polymerization methods. The most typically
known method is one inwhich a lactide, which is an anhydrous cyclic
dimer of lactic acid, is subjected to ring-opening polymerization
(a lactide method), but lactic acid may be direcfly subjected to
condensation polymerization.

In the case where the polylactic acid is composed only of
monomer units derived from L-lactic acid and/or D-lactic acid,
the polymer is crystalline and of highmelting point. Furthermore,
since the crystallinity and melting point thereof can be freely
adjusted by changing a ratio of monomer units derived from L-
lactic acid to those derived from D-lactic acid (abbreviated as
an L/D ratio), a practical characteristic can be controlled
depending upon uses.

Moreover, other hydroxycarboxylic aclds or the like may

be copolymerized unless the properties of polylactic acid are

damaged.

Furthermore, for the purpose of increase 1n molecular




hydr oxycar boxylic acids al so may be used. \Wen these conponents are used in
| arge anmobunts, the resulting polyners may have crosslinked structures to

| ose thernoplasticity, or to form mcrogels partially having highly
crosslinked structures even if the polynmers are ther npglggitbmbePrages tions
of these tri or nore-functional conponegts contained in the polyners,
therefore, are very snmall and they are contained in degrees such that

chem cal and physical properties of the polyners are not influenced very
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di phenyl neipha |1 e e e of,increasing_a nolecul ar

wei ght, an a%‘r?reerﬁlhic?d%o ﬁ%g;{g{lenlig% a;‘% %ﬂg#@) pol y FBH—%%FBS%QF&‘}@: 5BRgPned

by .usi ng ayeail®Iale QQﬁRﬁH%QIJIn? other aliphatic polyesters to be used in
o n i ncl ude, P 3or"

the present inventi exanpl e, an aliphatic polyester conposed
of a condensati0@np%héﬁﬁgegﬂdéﬂldvé%¥£§nf“tﬁ%‘éﬂiéﬁg¥£é:polyester other
than polylactic acid (henceforth, simply referred to as
"aliphatic polyester”) includes, for example, a polymer composed
of an aliphatic carboxylic acid component and an aliphatic alcohol
component and a polymer composed of an aliphatic
hydroxycarboxylic acid component.
Examples of methods for producing the aliphatic polyester
include a method wherein a high molecular welght product is
obtained by directly polymerizing these components, and a
indirect method wherein a high molecular weight product is
cbtained by polymerizing these components so as to form an
oligomer and then using a chain elongation agent or the like.
An example of the aliphatic polyester to be used in the
present invention is an aliphatic polyester made from a

dicarboxylic acid and a diol. The aliphatic dicarboxylic acid

may be compounds including succinic acid, adipic acid, suberic

acid, sebacic acid and dodecanocic acid, or anhydrides or




hydr oxycar boxylic acid. Exanples of the aliphatic hydroxycarboxylic acid

I ncl ude glycolic acid, P-hydroxybutyric acid, hydroxypivalic acid and

hydr oxyval eric acid. Their condensation polynerization provides high

mol ecul ar wei ght products. These aliphatic hydroxycari®ggptembei d903an be
used in the formof their derivatives sgch as ester and cyclic ester.

Ri ng- openi ng pol yneri zation of the cyclic esters also gives high nolecular
wei ght products. Moreover, when containing two or nore kinds of aliphatic 16
Sept enber %?03 1 pol%esters ther than polylactic acid, the nonofil ament
has char al%eri @5 0L 1EX - i n knot strength and |ongitudinal cracking
resistance. In particular, when the nofi lanent, contains a
polycaprolactone,OPh%%fh5Fh§Fi§W@Wh:E§QHﬂ%§Qqﬁﬁ¥ﬁuﬁﬁ°#W%ﬁ%r%%l%e%¢§ﬂﬁiﬁg
rati os by wej ght. .of, t olylactic acid to the aliphatic polyester other
{han_pol vl SRFELE AP P eSS s Heompoundl Susac. FERREFRSOTEEEPAS 95%
by wei ght or, +10r.8 th I«un%ﬁlrength can_not be_inproved. On_the other

hand, if the aﬁ‘&%ﬁO&m xanefial s RE ARSI ghtaRd Frciohexrpedipesbagolsuch
as difficyltydn.stringing when it is used.as string, occurs because

needed st réﬁ&t Iﬁieféﬁ’%&&fegqbefﬁ ed 2¥d OF &be8 FFGaGIPG dving an

Fur t her nor Lnce the | yl actic acid,and the aliphatic ol yester ot her

t han ponlgg '%gggrdcﬁgggié EfbggFgﬁ?gEYgFPﬁbgﬁPéP Pavieg giFﬁeFOiﬁaEEEH of
and/ or bet th he resista characteristic s inproved, and even
when a rac e?’qgt‘rﬁ%cﬁdw%gpﬁor@qe??%ﬁ%%”ﬁwq RoAYHenAretiofhe EPFi ng
IS never ¢ dition it is al.so inmportant fhat reduction in face .
t ensi on OEBEPr%’%g&a tcg‘rr%?ﬁyilﬁ'éi ﬁaggaﬂo%%ng%%ﬂgra&‘# é:genﬁigogf’ i CPBRRAPRSOL .
Exanpl es of_avail e nethqds for introduci ng such a crosslinked structure
to the poI%Vgc?kcaggﬁdsgﬁﬁgt e"?ﬂiﬁﬁhﬂqf ol yester ot her

Moreover, for the purpose of forming a branch in a polymer
in order to improve its melt viscosity, tri or more-functional
polyvalent carboxylic acids, polyhydric alcohols or
hydroxycarboxylic acids also may be used. When these components
are used in large amounts, the resulting polymers may have
crosslinked structures to lose thermoplasticity, or to form
microgels partially having highly crosslinked structures even if
the polymers are thermoplastic. Proportions of these tri or
more-functional components contained in the polymers, therefore,
are very small and they are contained in degrees such that chemical
and physical properties of the polymers are not influenced very
much. As such a polyfunctional components, malic acid, tartaric
acld, citric acid, trimellitic acid, pyromellitic acid,
pentaerythit or trimethylol propane can be used.

Among the producing methods, the direct polymerization

method is a method in which the above-mentioned compounds are




t han pol ylactic acid include heretofore known nethods e.g., a nethod
conprising addition of tri or nore-functional isocyanate conpounds, epoxy
conpounds and acid anhydrides, a method using a radical generating agent
such as peroxides, and a nethod 13 conprising strong U ¢ pkénter 2003

I rradiation. 16 Septenber 2003 Next, a pfpcess for producing the
nonofi | ament of the present invention is explained. First, although a

met hod and a device for blending the polylactic acid and the aliphatic

Bre Pndust rPapPeh SR BB Bodas el el BRAANSERA GOAnSd R Ih | ed
that two or_nore_ki nds of ellets and various addjtiyes e blended.in a
predet er mi nﬁﬁnoﬁ?gp% G Y c&thﬁe e?ﬂt%orgt%bep‘iﬁ%?hﬁnc‘&??ﬁaflﬁgor
Mo a monot? | SHRRFStefoRusie the” peLies sBeiaed (hat these | ngrcdi onts
tep, and then thaTestierreeperr oriess e kepRene thig tophlgernaomathod
acid,  tne GERESEAS onpELEs AR pramotatahd RER abby el or
T o oAby ESTAERED) BLIE"ap | MERARLE ol S L BRI T
et el £ 91 B0 Uh e A AL ) sl TRFEL T
T BB AR B AR XS T B 00D il
such as hexamethylene diisocyanate, isophorone diisocyanate,
Xylylene diisocyanate, diphenylmethane diisocyanate for the
purpose of increasing a molecular weight, and a method wherein
an aliphatic polyester carbonate is obtained by using a carbonate
compound.

The other aliphatic polyesters to be used in the present
invention include, for example, an aliphatic polyester composed
of a condensation polymerization product of an aliphatic
hydroxycarboxylic acid. Examples of the aliphatic
hydroxycarboxylic acid include glycolic acid, B-hydroxybutyric
acid, hydroxypivalic acid and hydroxyvaleric acid. Their
condensation polymerization provides high molecular weight
products. These aliphatic hydroxycarboxylic acids can be used
in the form of their derivatives such as ester and cyclic ester.

Ring-opening polymerization of the cyclic esters also gives high

molecular weight products.

Moreover, when containing two or more kinds of aliphatic




16 Septenber 2003 is pelletized in an internmedi ate step is preferable. But
in the case of nelt blending, substantial prevention fromdeterioration

and degeneration of polynmers and a copol ynerization reaction due to a
transesterification is required. Therefore, mxing is 1@sabedabby 20@aduct ed
at a tenperature as | ow as possible in fime as short as possible. A nelt
extrusion tenperature is selected adequately in consideration of nelting
points and a blending ratio of the resins to be used, but it generally
ranges 100 tq 250C. The nonofil anent of the present invention is generally
circul ar i ROIFASIGES REhemytipen | pobyhartbw andpe thewnpoafiiemensr basorti on
I's vacant, or in a deforned shape such as a dianond shape and a star shape.
A di amet er SHRTAGE ST ¢areFtel kembt in pnet cetaengthi andelioagd tndjnbd
determ ned dependi ng on uses intended. For exanple, when it is used as a
string for CXackdbd TesistaRcde & nasFtEdeen nuthany the mapabHilamentm  Wen

the af orenentioned polylactic acid and aliphatic polyester other than

pol yl act i c “RBit@digce2 R ¢APEPHRFLPRE - f@?ﬁrﬁ)‘ﬁ@t $hECRBRBILS Mwe1et improveidng to
the present invention, nodification can be carried out by adding
transesterification catalysts, various nononers, coupling agents, term nal
treating agents, _other resins, wood neal, starch and the like in addition
to various addi tT¥85e5abheRIsRARRg FRE10FNY Bkt G BRe polyilantda pehst e,
Iubricantst uLﬁraviglet ibsorbers, antioxidants, stabilizers, pignents,

col orant s, “PaFRGudt{PPRELS PQhvpstsri ethgEntBanpeyylsciécsapidnpee 2003

rel ease aggnt$ ﬁéastﬂii ers, Eerfunes and anti bacterial agents, as needed.
“Ettther mor 82 §%/ 3@+ dd &fesPPLkiRGthr Rkt aesmpias) 953 o aielgiic PEI MOTR pose

olymers apd the |i ke may be added.
poly Phe knot strength can not be improved. On the other hand, if the

polylactic acid is 61% by weight or less, defectiveness, such as
difficulty in stringing when it is used as string, occurs because
needed strength can not be achieved and also elongation is great.

Furthermore, since the polylactic acid and the aliphatic
polyester other than polylactic acid have a crosslinked structure
formed either in each of and/or between them, a heat resistant
characteristic is improved, and even when a racket strung with
string is left in a car in midsummer, the string is never cut.
In addition, it is also important that reduction in face tension
of string after stringing can be controlled more efficiently.
Examples of avallable methods for introducing such a crosslinked
structure to the polylactic acid and the aliphatic polyester other
than polylactic acid include heretofore known methods e.g., a
method comprising addition of tri or more-functional isocyanate
compounds, epoxy compounds and acid anhydrides, a method using

a radical generating agent such as peroxides, and a method



It is also inportant in the present invention that the draw ng after
extrusion formng is conducted at tenperatures not |ower than the nelting
poi nt of the aliphatic polyester other than polylactic acid. That i's, when
the drawing tenperature is not higher than the nelti nP F%fi tﬂﬁ):‘s

al i phatic polyester other than polylactifz acid, the aliphatic poI yest er
conponent other than polylactic acid is also drawn and oriented, and
therefore satisfactory knot st rengt h and | ongi tudi nal cracking strength can

not be aChlg&ﬁgrlHﬁﬁdrgﬁgﬂg Piﬁcon (i% d# I OVi, dlﬁlng a wet draw ng chanber
e

and a dry heat” draw ‘heater, an electric
heater or the like as a heat source betvveen rollers driven at different
rotation speed, or by heating a non-drawn nonofilament by transmtting heat

L;gglne?ersnatr\iaggsggle %rta'lt |%a615%‘f'\=‘/\%5é_n $§|5’35@‘53%93hghgﬁmf’ﬁggégé@gg%ﬁgt@& ween
rollers, t en?ér?t fnv?éﬁ‘%"iéﬁt 59 ex lagE‘FaXI mately 4 to 10 times in the

pr esent | 'S HDr 8 V'3 to 9 tinmes in consideration of
a bal ance bet ween k| n rengt h, due_to he .dr aw
orientation. In trfle presclagi‘]t | n\@\?'lg r%%'%e‘?l TY12S k2| P%ﬁ?dllﬁg !

2003 pol yi A L et HHEF RaCLRe @lei#}daﬁbiy%% 194554 48 i 3 %é%s‘ﬁr&rely

Si il {ancotsTy B3 hoti ot MAFrAcC R v *.cpﬁ%?%ﬁgéﬁﬁ%?t o 4 '?'ﬁ tud
pol yl actic a"%ﬁ}afh aﬁqé&péiéﬁdhﬁfgfé%gb?%ongat I on curve of t he m)nofl | anment  of

the present 1 nvention 1s Si at of natural gut such as sheep

casing and whal e H3suGaRd & g MNOTHd A e £ AR AE VG S%r more kinds of

pellets and various additives are blended in a predetermined

proportion and are charged into a hopper of an extruding machine
as they are, and thereafter they are molten and immediately formed
into a monofilament. Moreover, it is also permitted that these
ingredients are melt blended and thereafter formed into pellets
in an intermediate step, and then the resulting pellets are molten
and formed into a monofilament as needed.

Furthermore, it is also possible that the polylactic acid,
the aliphatic polyester and the like are molten by an extruder
or the like separately from each other, these are mixed in a
predetermined proportion with a stationary mixer and/or a
mechanical stirrer and immediaﬁely formed into a monofilament.
Alternatively, the mixed material may be pelletized in an
intermediate step. Mixing by mechanical stirring with an

extruder or the like and a stationary mixer may be combined.

In order for uniform mixing, a method in which the mixture




an overall playability feeling simlar to that of natural gut. This is also
one of the features of the nonofilanent of the present invention. Moreover,
covering the surface of the aforenmentioned nonofilanent with a polyner
material can provide luster to a string surface to enfgRERtbiped ance,
and al so can inprove durability of striqig. The polymer material for
covering is preferably an aliphatic polyester particularly in consideration
of biodegradability. But if we do not stick to the biodegradability,

covering i r ef-er ahl nducted by using a variety of elastoners such as
pol yur etghaflﬂ'eSD %&%e?%eyevc?g\ﬁpﬁ‘nfnﬁ?%“ﬁ%%g? IS%eP dFf BFRfREARAE -t HBut e the
Covering w i f ese resins are also avail able. EXAMPLES The
present i nv‘%rh%? #ésfgxbgreeﬂ%%l)g ‘oﬁu&/ﬁﬁaﬁFiE}aﬂﬁ?%nE?ﬂn fcswpaederioretdns es
in detail invention is not. limted to these Exanples. 17 16
Sept enber %wﬁﬁgk{%erta@ao@pfbgs@ﬁ@?ﬁﬁ AR FRPHOMRIL A 27 E 127 FiRas (g dofe

pol ynmers ar, lyes. by, GPC anal ysis_and converted as _pol ystyrene.
d ass transtrot ?égn ten%ggr‘g‘?c%frgjsc%alcf’%ﬁi el s TheFefanfes wstinrg et by

[ ] Wi Lal | I et DSC) at t f
neating of PI0CA S YRRk Eee Hf At Sl ot R Hie A Fevrm soma o b esgame

invention g gﬁb?tma%eg:@si%ecm ng a nonofilanment at ,.approximtely a
center of one end thereof W a cutter and ripping it, neasuring a

S22t Th ok ST KRB RSt SR BB i
of about Lc3ngieSaRALA 6F o1 iy BBIREL|ATPLY AR AIRELLSE 1Y (st Ll ed to
to be used, but it generally ranges 100 to 250°C.

The monofilament of the present invention is generally
circular in section, but may be in a hollow shape in which its
core portion is vacant, or in a deformed shape such as a diamond
shape and a star shape. A diameter of the monofilament ig not
particularly limited and may be determined depending on uses
intended. For example, when it is used as a string for a racket,
it may be set to approximately 0.6 mm to 1.60 mm.

When the aforementioned polylactic acid and aliphatic
polyester other than polylactic acid are used in order for forming
the monofilament according to the present invention, modification
can be carried out by adding transesterification catalysts,
various monomers, coupling agents, terminal treating agents,
other resins, wood meal, starch and the like in addition to various

additives such as modifires, fillers such as calcium carbonate,

lubricants, ultraviolet absorbers, antioxidants, stabilizers,

Pigments, colorants, various fillers, antistatic agents, mold




practical stringing machine, and a relationship with |ongitudinal cracking
whi ch occurs at that tinme was investigated. This has confirned that when
the resistance is 25 g or nore, no |longitudinal cracking problemarises in
the practical use of the string. In the Exanples, expqg gg?fgmg\@,rgoggnduct ed
using the follow ng five kinds of raw erials: <Polylactic acid type
polymer (Al)> Poly L-lactic acid Lacty 000 manufactured by Shi madzu Cor p.
Mv = 200, 000; d ass transition point = 60C, Melting point 175C 18 16
Sept enber 2003 <Ali phatic polyester (Bl) other than polylactic, acid>
Pol ybut y| ef® RIS AFES 18 oRSAFELI21BOTSmeRfFiHEIGR eRdRP E&F Hib&IgARdrs Co.
Ltd. Mwv = 173,000;. A ass . transition_point = -30C, Melting _point 115C
<Al i phat i ¢ PO : %Eft RO TN aht 087 HoaBPE oS ks o P&?’%QF?P&%M’:Y-
succi nat e %8:ilpate Bi ono| | e #3001 manuf act ured b¥ SE i/cva Hi ghgolyrrer Co., Ltd.
My = 179, 0GOHSH ARNETZhoPUTBRS BOPALTIELS5eR\ENE] hGRBOMAY DS §5GSdA | phati ¢
pol yester (B3) other .tha ol yl actjic acjd>_ Pol ycaprol actone, Cel green PH7
manuf act ured by D&i%cé'lS % CHPQTARY r’i’ést';hef_tﬁge t myenhhon Gh’t the

int, = .60C <Resin_for surface covering

E[Ji)nil t :38|n A %g_‘fg%%sggﬁ%{:gggnpgérming is conducted at temperatures not

lower than the melting point of the aliphatic polyester other than
polylactic acid.

That is, when the drawing temperature is not higher than
the melting point of the aliphatic polyester other than polylactic
acid, the aliphatic polyester component other than polylactic
acid is also drawn and oriented, and therefore satisfactory knot
strength and longitudinal cracking strength can not be achieved.

The drawing is conducted by providing a wet drawing chamber
and a dry heat drawing chamber having a far-infrared heater, an
electric heater or the like as a heat source between rollers driven
at different rotation speed, or by heating a non-drawn
monofilament by transmitting heat from a heating roller located
on the supplying side, and by setting a predetermined speed ratio
between rollers. Although the speed ratio between rollers, that
is, a draw ratio, is approximately 4 to 10 times in the present
invention, it is more preferably 3 to 2 times in consideration
of a balance between longitudinal cracking and strength due to
the drawing orientation.

In the present invention, characteristics excellent in

tenacity and elongation can be achieved by orienting the




M ractran E598 manufactured by N ppon Mractran Co., Ltd. (Exanple 1) A
polylactic acid type polymer (Al) and an aliphatic polymer (B2) other than
polylactic acid were separately vacuum dried to a conpletely dried state,
and then bl ended with a V- type blender in a blending {gtdgptbnpapizgys (Al) /
(B2) 90/ 10. The 19 16 Septenber 2003 jgsultant was continuously fed to a
30 nnthonndlrectlonal tw n- screw kneadi ng extruder which had been set to
210C and nelt extruded into a stand, which was then pelletized to yield a
mai n raM/natgrlal After brlqg this main raw material to_a co Ietel¥
dried statRO ylé%éxﬁn?a?-? Ype R bFPHe? it SoF A8A| FYFRDRFD FPE kno

pl asticizer as ant , basgﬁlon 10Q parts by weight of the nmain raw

materi al , m%Er%BEE fr&er 4O %ﬁ%%tqﬁﬂﬁ Qﬂq%ﬂlStéﬂﬂFtﬁ%ﬁmE% with a

V-type bIender The resultant was fed e-screw nelt extruder which
had been sefatds §&eé%£§&9m®lwmmﬁréee 28&”&?3 AéiPha thcDP Y 45 bREt er

of 3 mm The extruded material was .introduced to a cooling water bath

pl aced direRERST BRABWPPHELIAGIIFe 384 'set to 50C with drawn by the first
hi s & he non- dr auih YL dFAHSL GERe ARIOHLR (O EREE 191 IO MR CBERbr
O g, e o et Y et 15 2 So0Bak Ohbefo Bty Lol
100Ut o4 QoL 32203 AHENIA ¢ houter gttgttgsptﬁgaa%%%ﬁee? s
[Lnal o By SRR Y B4 B Pl 0550 e LSRHLAL e,
This is also one of the features of the monofilament of the present
invention.
Moreover, covering the surface of the aforementioned
monofilament with a polymer material can provide luster to a
string surface to enhance its appearance, and also can improve
durability of string. The polymer material for covering is
preferably an aliphatic polyester particularly in consideration
of biodegradability. But if we do not stick to the
biodegradability, covering is preferably conducted by using a
variety of elastomers such as polyurethane from the viewpoint of

durability of string and the like. Covering with mixtures of

these resins are also available.

EXAMPLES
The present invention is explained by way of Examples and

Comparative Examples in detail below, but the invention 1s not

limited to these Examples.




The evaluation results are shown in Table 1. 20 16 Septenber 2003 ( Exanpl es
2 to 4) A polylactic acid and an aliphatic polyester other than polylactic
acid were bl ended under the conditions shown in Table 1, and then the
resulting pellets were drawn to produce a nnnofilanenT gk&%b%ﬁ@% Q3
operations as those in Exanple 1. The evﬁluatlon results are shown 1 n Table
1. (Exanples 5 to 6) A surface of a nonofilanment obtai ned by the sane
operations as those in Exanpl e 1 was coated with a polynmer material shown
in Table 1 in a tgﬁfkggsg 0O mby using a hot nelt extruding nachine.
" The eval uation restfl t8SaF82BRGA - |“I"PJT%‘E>T-@Vf’ra(gﬁﬁﬁépé§l?rt'038$h¢ﬁe(fé‘ah1§>f
oper ati ons a those in ExagB é were repeated, provided that in the
bl endi ng of? TRt 7Le atrbues pde hariad: PYARFC aRalyRasappphaonyesdiefestser
(B2) or (B1 er_than p%_ lactic acid, 1.5 parts by weight of an epoxy
conpound: acf]%? phead-1eY (53 %?%/cﬁ’iﬁﬂs 95} %‘Pél@rté’s’-@ﬁ #Eich fredddmy, PedsdE on
100 parts baz'r vve ht o % é % % +( Bl%) was i ncorporated to
i ntroduce ¢Tedt DY MPAPBTLRAE B t?n%rdﬁ%FEEﬁPélaihécﬁ@MDlg ng
pellets werg dr y a ponofilament. The evaluatjon results are
Bhown 1 TS meztfrl %f?é‘e’btaemrrmsow%ms.% P TESA A

nmonofi | ament was ced n lactlc acid  and an aliphatic
pol yest er ot her t B‘ i%éqq&agc%ﬂﬁﬁé}gﬁ?eg 1tanfe idhthg Rresentrabl e 1

gﬁosmhel ?]a_lrfg_&% r%_t | on.s a(feéehrgmfneg by ngcpchir}g Jhn?or?c\algi ggular?ir:] ;esul ts are

.approximately a center of one end thereof with a cutter and ripping
i1t, measuring a resistance at that time with a tensile tester,
and indicating the resistance in gram. The monofilament
subjected to the test had a diameter of about 1.3 mm. Separately,
the monofilament was practically installed to a racket with a
practical stringing machine, and a relationship with longitudinal
cracking which occurs at that time was investigated. This has
confirmed that when the resistance is 25 g or more, no longitudinal
cracking problem arises in the practical use of the string.

In the Examples, experiments were conducted using the
following five kinds of raw materials:
<Polylactic acid type polymer (Al)>
Poly L-lactic acid
Lacty #5000 manufactured by Shimadzu Corp.
Mw = 200,000; Glass transition point = 60°C; Melting point

= 175°C




Furthernore, in Exanple 4 and Conparative Exanples | to 4,. rackets were
practically strung with the resulting nonofilanents respectively, and
overall playability and ease of stringing were evaluated. In Exanples 1, 7
and 8, heat resistance was also evaluated. T V1 r.. qeBbptemBerC2063CcC N >~

Occ ¢ C O UNN V)V 7NCr MOnl

{Aliphatic polyester (Bl) other than polylactic acid)
Polybutylene succinate
Bionolle #1001 manufactured by Showa Highpolymer Co., Ltd.
Mw = 173,000; Glass transition point = -30°C; Melting point
= 115°C
{Aliphatic polyester (B2) other than polylactic acid>
Polybutylene succinate adipate
Bionclle #3001 manufactured by Showa Highpolymer Co., Ltd.
Mw = 179,000; Glass transition point = -45°C; Melting point
= 90°C
<Aliphatic polyester (B3) other than polylactic acid)
Polycaprolactone
Celgreen PH7 manufactured by Daicel Chemical Industries,
Ltd.
Mw = 220,000; Glass transition point = -60°C; Melting point
= 60°C
<Resin for surface covering (Ul)>
Polyurethane elastomer

Miractran E598 manufactured by Nippon Miractran Co., Ltd.

(Example 1)

A polylactic acid type polymer {Al) and an aliphatic
polymer (B2) other than polylactic acid were separately vacuum
dried to a completely dried state, and then blended with a V-

type blender in a blending ratio by weight (Al})/(B2) = 90/10. The




v ¢cO0OzOv ovzCul 00--C zONas V/ m4) 16 Septenber 2003 N N
a NC ri NM CO

16 September 2003
198

resultant was continuously fed to a 30 mm homodirectional twin-
screw kneading extruder which had been set to 210°C and melt
extruded into a stand, which was then pelletized to yield a main
raw material.

After bringing this main raw material to a completely dried
state by vacuum drying, 4 parts by weight of sulfonamide type
plasticizer as a lubricant, based on 100 parts by welght of the
main raw material, was added to the resulting main raw material,
and blended with a V-type blender. The resultant was fed to a
single-screwmelt extruder which had been set to 210°C and extruded
through a circular nozzle with a diameter of 3 mm. The extruded
material was introduced to a cocoling water bath placed directly
below the nozzle and set to 50°C with drawn by the first roller,
and cocled to yield a non-drawn monofilament.

Immediately following this, the non-drawn monofilament
was introduced the first drawing chamber which had been set to
100°C and drawn by the second roller at a taking up speed ratio
of 5.0 times.

Following this, the resulting monofilament was introduced
to the second drawing chamber which had been set to 100°C and drawn
by the third roller at a taking up speed ratio of 1.7 times (the
final draw ratio = 8.5 times) and wound up by a winder. The

resulting monofilament had a diameter of 1.30 to 1.40 mm.

The evaluation results are shown in Table 1.
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(Examples 2 to 4)

A polylactic acid and an aliphatic polyester other than
polylactic acid were blended under the conditions shown in Table
1, and then the resulting pellets were drawn to produce a
monofilament by the same operations as those in Example 1. The

evaluation results are shown in Table 1.

...{Examples 5 to §)
A surface of amonofilament obtained by the same operations
as those in Example 1 was coated with a polymer material shown
in Table 1 in a thickness of 30 um by using a hot melt extruding

machine. The evaluation results are shown in Table 1.

(Examples 7 to 8)

The same operations as those in Example 1 were repeated,
provided that in the blending of polylactic acid type polymer (Al)
and the aliphatic polyester (B2) or (Bl) other than pelylactic
acid, 1.5 parts by weight of an epoxy compound: carboxylic acid
glycidyl ester as a crosslinking agent, based on 100 parts by
weight of (Al)+(B2) or (Al)+(Bl), was incorporated to introduce
a crosslinked structure into the polymer molecule. The resulting
pellets were drawn to yield a monofilament. The evaluation

results are shown in Table 1.
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(Comparative Example 1 to 4)

A monofilament was produced by drawing a polylactic acid
and an aliphatic polyester other than polylactic acid under the
conditions shown in Table 1 by the same operations as those in

Example 1. The evaluation results are shown in Table 1.

Furthermore, in Example 4 and Comparative Examples 1 to

4, rackets were practically strung with the resulting

monofilaments respectively, and overall playability and ease of

stringing were evaluated. In Examples 1, 7 and 8, heat resistance

was also evaluated.
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As is clear from the Examples, it is shown that each of
the monofilaments according to the present invention achieves
well-balanced tensile strength, knot strength and longitudinal
cracking resistance and has characteristics particularly
sultable for strings for rackets.

A very small amount of silicon oll was applied to the
monofilament (diameter = 1.36 mm, elongation at cutting = 18.2%)
cbtained in Example 4, and the resulting monofilament was cut into
10 m and made inteo a string for soft tennis.

The resulting monofilament was installed to a soft tennis
racket with a tension of 40 pounds using an electric stringing
machine. The string was tightened with a clamp, but it could be
installed without causing any longitudinal cracking. The racket
was subjected to test hitting by an advanced-level player, and
was evaluated to be superior as a string for soft tennis to whale
tissue, which has been placed in the top rank.

The reason of this seems to be that the strength-elongation
curve of the monofilament of this Example is not S-shaped like
that of a monofilament of polyamide but straight like that of a
whale tissue and also its slope is gentle and a deflection at ball
hitting is great.

Measurement of a relaxation of tension with time, which
is ancther important characteristic of strings, has revealed that

the monofilament of Example 4 has a remarkably improved relaxation

of tension with time compared to that of the mecnofilament of




LO u oUW z>N NN n Ma 23 16 Septenmber 2003 As is clear fromthe
Exanples, it is shown that each of the nonofilanents according to the
present invention achieves well-balanced tensile strength, knot strength

and |ongitudinal cracking resistance and has charact efg Ydgtempat igod arly
suitable for strings for rackets. A veryzgmall anount of silicon oil was

applied to the nonofilament (diameter = 1.36 nm elongation at cutting =
18.2% obtained in Exanple 4, and the resulting nonofilanent was cut into

10 m ond OS8R QC8, 8 ELD 91 SOt soc TS EPULELA ol gt o
CLerLT b A0, TG o TN FLPBIE LGS AT £ AT, Bl
ras Sublect g e de e V100 Y ARAINAGE YL RLAVEE, AU tBE . op
nas been placed hdith LABLAy (I CLERRAL,O' WL, STk g-08 L0aL Al

S Shased | olaln SIS SRS AL IRl RS ©
standing comparison with 80.0% for a typical string for soft
tennis which is made of polyamide and polyester.

When the monofilament of Comparative Example ‘1 was
installed under the same conditions as those of Example 4, the
portion tightened by the clamp and a twisted portion was
longitudinally cracked and brought as if it was fibrillated. It
was not recognized to be on a level to withstand practical.use.

A relaxation of tension with time measured by the same
method as in Example 4 was 69.7 %, which was lower than that of
a monofilament made from polyamide. Also from this aspect, the

monofilament of Comparative Example 1 was not on a level to

withstand practical use.

When the strings of Comparative Examples 2 and 3 were
installed to soft tennis rackets, their elongation were as great
as about 40% and the strings were easily elongated particularly
in a low loading region. As a result, the monofilaments were not
able to be installed by a single yank and could be installed by

two yanks. In addition, a part of the strings caused a

longitudinal cracking phenomenon at their portions tighten by a




hitting is great. Measurenent of a relaxation of tension with time, which

I s anot her inportant characteristic of strings, has revealed that the
nonofi |l ament of Exanple 4 has a remarkably inproved rel axation of tension
with time conpared to that of the nonofilament of 24 1fg Spphember 2403
Conparative Exanple 1. That is, as strunggracket was treated at 40C for 30
m nutes and further treated at 50C for 30 mnutes and then neasured its
face tension. A reduction coefficient of face tension caused by the

treat nent . L d .t o befor the treatment and the rel axati on was
78.9% Thi ‘é‘@;ig%ét agorﬁglggl%rh%stlﬁd:iﬂd'% Tison with 80.0%for a typical

Tonof 11 anent of COTEP & 8IS HeL FEAg 4% AP PGS (S SR t0 15
cond L FEAERIER ORI e BEELAED LSS oAt 108 2
Use. A rol aystIRREST 2 Bng) 3 REEEEORE nEsd, SOt S el St e
Conpar ati ve Exanpl es é’ ang § &%r eﬂli ns% %I ed™ Bnggf?n{le"fﬁﬁ élortagfi‘e?sl,e‘ﬁﬂe?r

el ongati on ﬁ’@r@iﬁs?{xﬁ&t rgétfﬂggl’ﬂt u3Q% and the strings were easily elongated
particularly 1n a low I%a Ing regron.” As a result, the nonofil anents were

not able to be installed by a single yank and could be installed by two.
yanks. In addition, a part of the strings caused a |ongitudinal cracking

phenonenon at theiry PROLLPAS & LARIENsP¥ifgs obtained after further surface
smoothing treatment were installed to rackets with a tension of
60 pounds and durability was measured. That is, using a
durability tester, an actual tennis ball was led to collide with
the rackets (ball speed = 100 km/hr) and the number of collisions
before the strings were cut was counted.
The averages of three measurements in Example 5 and Example
6 were 1070 collisions and 1150 collisions, respectively, and it
was found that they were improved in comparison with 712
collisions in Comparative Example 1 and 940 collisions in Example

1.

In Examples 7 and 8, strings obtained after further surface
treatment were installed to soft tennis rackets with a tension
of 40 pounds. These rackets were left stand at 70°C for 24 hours

and at 90°C for additional 24 hours, and thereafter conditions

of the strings were observed. No changes were recognized and




25 16 Septenber 2003 clanmp during the installation. Wien a transverse string
was installed, it wore due to its friction wwth a longitudinal string. The
strings of Conparative Exanples 2 and 3, therefore, were not on levels to
withstand practical use as a string. The string prepayegdepferkB8pPanai ve
Exanpl e 4 al so behaved in the same nanneggand was not on a levels to

w t hstand practical use. In Exanples 5 and 6, strings obtained after further
surface snoothing treatnment were installed to rackets with a tension of 60

pounds and tqaué ebiwl isf/\% was rieasur%d. That is, using a durability tester, an
actual tenni & balPSRR BIEPL coBY FROLF AL - thEarkekaiiiqhhrd Bepe & trump
km hr) -and . nbe f collisions ef ore the strings were cut was

count ed. Tﬁq@m%/g?'ggggrgf]gﬂ’ﬁ%@aﬁ%a&ﬂ gﬁ’ﬁ?ﬁtpé-ei h Bxdhs ameAanEREHAe lef ther e
1070 col |i ssi ons; & d 7?91, 0_.col ki sj ons, res(gect_i vely, and it was found that
they were msrSvEd i SofBhr £4oROWFEN 3D Tty ingBHE 8% 1 Ftdna @ Foeampl e
1 and 940 lLisions .in Exanmple 1. .Lln amples 7 and 8, strings obtained
after furt %gr th lfrefeac,setrr}[nr%sa't n%ﬁf’%#’é‘sgzﬁyngl'l 8% £5TEGtt PeAPEOVEMRES 1/ t h
a tension f .4 unds. These racket e left stand at 70C for. 24 hours
and at rohgc?rt g"f%lqtslq:o%cfe h%u?%?siffb“vf 2FTRY ¥RRAFEFE8R1288 t he
strings were observed. No changes were recogni zed and 26 16 Septenber 2003
there was no problem By contrast, a racket which had been strung wth the

string pregﬁggﬁ?ilré I;Qarrpl e 1 in the sanme manner was |left stand at 70C for
24 hours, an 'S résulted in cutting of one of three strings. Fromthis

fact, an effect Oﬁsjl.HBr %}48”?;—%{., ;ngterials used in Example 1, a hollow
monofilament having a diameter of 0.31 mm and a hollow portion
diameter of 0.16 mm was obtained by a method in which a gas was
injected to the center of the nozzle. Using this monofilament
as a core filament, three 1890-denier multifilaments made of
nylon-6 and two 840-denier multifilaments also made of nylon-
6 were wound around the monofilament with saturation with an
ultraviolet rays curable resin. A string with a diameter of 1.21
mm was obtained after curing with ultravioclet irradiation.
The surface of the string was coated with nylon-6 resin
in a thickness of 50 um by a heat melt extruding machine. In
addition, an oil which becomes liquid at ordinary temperature was
injected into the hollow portion of the core filament, the both
ends of which were thereafter closed with pins. The string after
surface treatment had a diameter of 1.310 mm, a strength of 78.8
kg, a knot strength of 39.5 kg and an elongation of 19.8%.

This string was installed to a tennis racket with a tension

of 60 pounds by using an electric stringingmachine. No defective




heat resistance by a crosslinking agent was recogni zed. (Exanple 9) Using
the raw materials used in Exanple 1, a hollow nonofil anent having a

di aneter of 0.31 mmand a hollow portion dianeter of 0.16 mm was obtai ned
by a method in which a gas was injected to the centerqgfsddigniMesziana Usi ng
this nonofilament as a core filanent, tdyyee 1890-denier nultifilanments nade
of nylon-6 and two 840-denier nultifilanents al so nmade of nylon- 6 were
wound around the nonofilanment with saturation with an wultraviolet rays
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string. excellent string.




28 Clains 16 Septenber 2003 1. A nonofilanment which is fornmed by extruding a
mat eri al prepared by blending nmainly a polylactic acid type polyner (A and
an aliphatic polyester (B) other than polylactic acid in a bl ending

proportion by weight of (A) /(B) of 95/5 to 61/39, angg ‘ﬁyﬂg t ruded
material. 2, The nonofilanent accordingsgo Claiml, V\herfagl aﬁﬂi erab'gzt)(%

speci es of the al i phatic polyester (B) other than poI ylactic acid are

cont ai ned. 3. T e monofilanent according to Caim1l, wherein the aliphatic
pol yester (B) % han polylactic acid is mainly conposed of an aliphatic
car boxylic aC|d conponent and an aliphatic al cohol conponent, and/or an

al i phatic_hydroxycarboxylic acid conponent. 4. The nonofilanment according

to daimi; vvhér eimporat £l basént ON@hspACi 6% of st e al | Bgat iC toola/est er (B)
ot her thafg ? % ctic acid consists of a polycaprola
monof i | anent - acEor dPRGPEE8) akPYn Bleiting nmehielpol wl apbttg}la@tqct ygglcgol yner

(A) and taepal pBhats B het than olylactic acid have a
crossl i nke%pst'?uc'?fjnre P@lrne éh%%l%‘l géEhPBf- &idrsr ot veteret helan 6. The

monof i | ar@%%Yh@@metl &g itco maarrblenwﬁa@el 4 i of . t he

al i phatlc/ gt ?é &Btp_ ot ger tha oI yl apﬂrctlﬂ(?ram drﬁ Bg wgﬁtttt?aqt {Mat of
the polyla = |/9r$er drawinge u’rmméxttmm aseeedhng to Caim
1, wherein the drawing is conduct ed at terrperatures not | ower than the

5. The nonof 11 afent eahr it 6 CBCCE A A 22 ShRE: BPrCLAL™ pol YREgero atiisagpe
’polynEr (™o ispeciest o¢ and éh@pﬁh&&%abb§yester (B) other than polylactic
acid are contained. '

3. The monofilement aocording to Claim 1, Whereio the
aliphatic polyester (B) other than polylactic acid is mainly
composed o'f an aliphatic carboxylic acid oomponent and an alipha'tic.
alcohol component, and[or an aliphatic hydroxycarboxflic acid
component.

4, The monofilament according to Clalm 1, .whereln at least

“one species of the allphatlc polyester (B) other than polylactic
lacid consists of a polycaprolactone.

5. The monofllament accord:x.ng to Claim 1, wherein the
polylactic acid type polymer (A} and the aliphatic polyester (B)
other than polylactic acid have a c¢rosslinked structure formed
either in each of and/or between them.

6. The monofilament according to Claim 1 , wherein the melting
point of the aliphatic polyester (B} other than polylactlc acid
is lower than that of the polylactic acid. type polymer (a).

7. The mo_nofilament according to Claim 1 . Wherein the drawing
is conducted at temperatures not lower than the melting point of
the aliphatic polyester (B) ‘other than polylactic acid.

8. The monofilament according to Claim l., utherein the

polylactic acid type polymer (A) is oriented and the aliphatic




29. 16 Septenber 2003 polyester (B) other than polylactic acid is not
oriented. 9. The nonofil anent according to Claiml1l, wherein the final draw
ratiois 3 to 9 tines. 10. The nonofilament according to Claim1, wherein
the surface thereof is further covered with a pol ynerqgeeytemiber Q003 11.
The nonofil anent according to C aim 10, 28herein the polymer material (C) is
a polylactic acid and/or an aliphatic polyester other than polylactic acid
and/ or a pdSrFT Hemel Bl othrn tdeas Polglapgtbduang asmnef bkparpég . t he

process conprising NG material prepared by blending mainly a'
pol yl actic acid ?'ypeeiﬁ%% ;h(r%élp‘(li\?m% %%Oﬁdilﬁﬁag?cclpﬂf%/ést‘é’?e{@n tbehBindthan
pol yl acti c daeiwf 4t i bl engdivyg sprapisti on by weight of (A)/(B) of 95/5 to
61/ 39, and drawi ng the extruded material at a tenperature not |ower than

the melting poinil-of the alcngfaflamenpobyest&ing B&o%h&imtb?”wﬂé’féfidf‘céﬂec
acid. 13. The process for_producing a nonofilament according to aim 12,

wherein at TEIHCT WSGFRG &5 SurERerarPpREed cwhbhyaspelyméB) matderat han .
polylactic acid™are u . . rocess for producing a nonofil anent
according to d I;li'm 1?‘%\Aﬁi’f‘éﬂfﬁ?ﬁgngoFii?%E‘?Jr%gaE? L4358 ol yhsrgin tared the
al i phati c pellyesdrematBridihgrt hansp ' iLd-h cross) j nked
structure forned either in gaéh of aagg/igggﬁgfaea%ﬁg?h%&gﬁfn AaJs’(Qr}Wd-q‘ or
rackets, aPodi@sdesr odhetr itingnf polyllactht acsdrAn@Ns s 80881 Pirdc filament

which is forned , by extrudi n% a_material prepared by blending mainly a _
pol yl actic acid llzyp_e FoPFRELSEAf CENBrafual P hatmenopbl suster HY priderisst han

Pol ¥l acti ¢ cafts ARG GAthndobhe neXLEydPIBLerlale, 19 ST TG o
polylactic acid type polymer‘(A) and an aliphatic pdlyester-(B)‘
other than polylactic acid in a blending proporticon by weight'of
{A)/{(B} of 95/5 to 61/39, and drawing the éxfruded material at a
temperature not lower than the melting point of the aliphatic

. polyester (B) other than polylactic acid.

_ 13. The process for producing_a.monofilament according to
Claim 12, wherein at least two species of the aliphatic polyestei

(B) other than polylactic acid are used.

14, The process for producing a'monofilament.according'to

Claim 12, wherein the polylactic acid type polymer (A) and the
aliphatic polyester (B) other than polylactic acid have a |

crosslinked structure formed either in each of'and/or between them.

15. A string for rackets, a suture or a string for
musical instruments made of a monofilament which is formed
by extruding a material prepared by blending mainly a
polylactic acid type polymer (A) and an aliphatic
polyester (B) other than polylactic acid, and drawing the

extruded material.

16. A string for rackets, a suture or a string for

musical instruments wherein a monofilament is used as a

part of structural members thereof, wherein the




musi cal instrunments wherein a nonofilanment is used as a part of structural
nmenbers thereof, wherein the 30 16 Septenber 2003 nonofilanment is forned by
extruding a naterial prepared by blending mainly a polylactic acid type
polyner (A) and an aliphatic polyester (B) other thanig®agranies 2003, and
drawi ng the extruded material. 01 17. TBE string for rackets, the suture or
the string for nusical instrunments according to Caim1l5, wherein a

bl ending proportion of the polylactic acid type polynmer (A) and the

al i phatic pd&lapedtidamept. ist tf@rrmkﬂarmypolxylraaﬁhg acmgtbsl%%rggap&ésg i n-
t of (A)/(B e string for

terns of a i.on
racket s, th?lgu?&r@lg; ﬁaq.?ﬂ_gt $t 9 ﬂ‘ Cmfsciléjaltﬁiﬁ‘ﬁst?‘%ﬂriﬂmls Gic ot ngn't o

d ai m 15, waéreiha ttilve ponr&ﬁﬂdeEBt %ﬂhte%' Nsh&t L9 spegies of the
al i phatic pgl ester ot her than polylactic a% g%?g%?he S |nﬁnc1ior

rackets, the § e 8 % CHEFYEPR MBaF®Fiakusi cal instrunents according to
Claim 15, wherein the aliphatic polyester (B) other than polylactic acid is
mai nl'y conposed” % al |§hat i c car boxyl ic aci d conponent and an aliphatic

al cohol conmpone and?t}ﬁ Cfﬁﬁiiﬁoxﬁdm lFastydec cacittheC @¥RQAGNEor

20. The stripgsiQa1l feket S 0 string for nusical instruments
according to O aim 15, er%r}gr}ea &f easltn%nteD %sl[fe’ﬂ of"heFe iR iaphdending

pol yester (Bropdiariodan Rely beyl8cackdaceAnsl als Pﬁgy%go ygapr ol act one.

21. The string for rackets e suture ,
i nst rument s addedvadiiogpt by € v (B3, o ther aiHant ﬁ@lpggeg{;getd‘cl@ggdgdﬁ)/Q%gp&gi)’rfer
hav

(A) and the aliphatic poI ester (B) other- than polylactic aci
'crossllnkedlgtFﬁEFﬁrQ f 8r REGREILRHePTPROBEEIN by weight of (A)/(B)

18. . The string for rackets, the suture or the string for
musical instruments accordlng to Claim 15, wherein the
monofllament contains at least two species of the allphatlc
polyester (B) other than polylactic ac1d

15. The string for rackets, the suture or the string for
musical instruments according to:Clalm 15, wherein the aliphatlc
‘polyester (B) other than polylactlc acid is malnly composed of an-f

- aliphatic carboxylic ac1d component and an aliphatic alcohol
component and/or an aliphatlc hydroxycarboxylic acid component

2. " The strlng for rackets, the suture or the strlng for .

'mu51cal instruments accordlng to Claim 15, whereln at least one
spec1es of the aliphatlc polyaster (B) other than polylactlc acxd
consists of a polycaprolactone

21. The string for rackets, the suture_or;the string.for

| musical instruments_according to Claim 15, wherein the polylactic

acid type polyme; {A) and the aiiphatio‘polyastern(B)'other than

polylactic acid have a crosslinked structure _formed either in each
of and/or betwsen them. | '

22. The strxng for rackets, the suture or the string for

musical instruments according to Claim 15 wherein the melting



of and/or between them 22. The string for rackets, the suture or the string
for nusical instrunments according to Claim 15, wherein the nelting 30a 16
Sept enber 2003 point of the aliphatic polyester (B) other than polylactic
acid is lower than that of the polylactic acid type pp§¥@iefer 20b3 The
string for rackets, the suture or the $Qa ng for nusical Instruments |
according to Claim15, wherein the drawing is conducted at tenperatures not
| ower than the nelting point of the aliphatic polyester (B) other than

pol yl acti c meimk &2 thEhealdiphiatd of @b 1kagkat-s h ure _or the_string for
nusi cal instrunments according to gl a?m 15, \{/\Rsergit?llg%hg?‘s& YPa¥tEetigcraid ype

pol yner (A)1S slafarerted ddett bé ahepballiytapoliyesten ¢8pe ?Eﬁ%ﬁéhg‘ﬂl

polylactic acid notar ori gnt_ed. 25. The string for racke ure or
the string for: fisi cdN® SECLDAehRPE BRekraEs ngthe Shaumelbrwbreestrikg £4al
rac

draw rati guafiddie; ' ' . t0.9 Lines. 26. The string for ets,
the suture or the é??:eggh g??rﬁn%%%dg nqor%’t EF{‘Jﬁéﬁt%‘i actHt R Ry the GrawimgSis

wherei n t heauidced at témgeronoidd 3BT olvaf #5 ed with a pol yner
material. (C). 27. The string for rackets. the éﬂ%rrl%q%eﬁﬁﬁég FOAGOF grhe

nusi cal i n&ARReHls pedyedtag (B) Cbther26hanhesEiDatbecpakyger material (O
Is a polylactic ?gi d ?.Hd/ 0{: an aliphatic gol yester other than polylactic
acid and/ or a pof yuret RanB-F283 THRE sT2FiRgtS orthacketsret be Shé Usernrg thye:

string for myReiatalnsPstheiEnt r.dj aim 16, . wherein a bl endi ng
proportion cL)If tﬁe p%l ylactic g?icg’ tyf)lg; g% éﬁ%ﬁ‘(l\? 3’2‘@% thripobylasctic

Brending pronertree ByThafs R LTS RFRtareuseid he ATIRE 1t Todowater (o
suture or toltele'it A b@llylactic; acid is not oriented.

2. The string for rackats, the suture or the striﬁgr for
musical instruments according to Claim 15 . wherein the final draw
ratio of the mo_nofilameht is 3 to 9 times. |

R z6. Thg string for rackets, thé 'su.ture or the string for
musical instruments accdrdiﬁg,to Claim 15,. wherein the surface of -
fhe monofilament is furthér covered with a polymer material {&).

27. The'string for rackets, the suture or the-étring for
musical instruments accdrding to Claim 26, wherein the pblymer
material (C} is a polyiactic acid and/or an aliphatic polyester

other than polylactic acid and/or a polyurethane,

2&' The string for rackets, the suture or the string for

musical instruments according to Claim 16,. wherein a blending
'propoition ¢f the polylactic acid type polymer (A} and the _

éliphatic polyester (VB) qtﬁer than polylactic acid is 95/5 to 61/39
in terﬁs of a blending proportion by weight of (A)/(B).

%. . The string for rackets} the suture or the string for
musical inétruments according to Claim 15, wherein the
monofilament contains at least two épacies of the aliphatic

" polyester (B) other than polylactic acid.




musi cal instrunments according to Claim.16, wherein the nonofil ament
contains at |least two species of the aliphatic polyester (B) other than
polylactic acid. 30b 16 Septenber 2003 30. The string for rackets, the
suture or the string for nusical instruments accordi nggt ' erein
the aliphatic polyester (B) other thamBQwlylactic aci gai%p%?{rﬁ%@oonypgsed
of an aliphatic carboxylic acid conponent and an ali phatic al cohol '
conponent, and/or an aliphatic hydroxycarboxylic acid conponent, 31. The
string for rackets, tthe%és]utur,e or_the string for nmusical instrunments
according to O al'm 16, Whet'd MR e dackate . dvsciseswfe tde Wld phatil for

pol yester ( than polylactic _acid consists of a polycaprol acfone.

32. The str :%%%&;%ﬁ Hﬁﬁ%&‘%‘,‘a#ﬁeaﬁﬁ?ﬁ&eﬂ%rtq kdagay ilhg woeredwsitbal aliphatic

i nstrument s RCGCEL £ 19 ' erein.the polylactic  acid type polyner
(A) and the.” all phati étggo%%%?et}pd(b GKE(%?“%ﬁa?\g"‘%)oﬁll%f}]cy AP As@deod an
crossli nked stiphaire darboxglect heidi Borpshedf A04/ 95 foxﬂﬁgg'éh%g] 33, The

string for rackéts, the suture or the string for nusical~instru fiplel
accor di ng t CWRATAMG, apdépEi an tld phelttiicngydpokptaebokhe ial E@Eaté&mg&{é’ﬁﬁ er
(B) other than poj yl ac;F'hc acid is lower than that of the polylactit acid
type pol yner (A).%134. € SFF1Rg FoF FaEfeis, the suture ar the stFimg door

musi cal i nstyuentss L t | 6, erein _the drawing is conducted
at tenper at?}{es ot j'l?%\%gwtgﬁgﬁ ?ﬁ%%ﬁ%n@o put ™ (I;'llﬁ’t Wéheﬁi-fbﬁ%ﬂﬁ i keart! yomet er

(B) other tlsscislsybactis aapards pdhipestss N9 )f BhrLackely. pLho, sutiee or

the string for nusical instrunments according to

pol yl actic cQ&isdsttypefpal pokycdpyolactonent ed and the aliphatic pol yester

(B) cher than %?!yla%ﬁécs€¥£égiézgu¥aéﬁg£%nt%%éséuture or th . i

_ I , T e string for

mugigal‘instruments achrding to Claim 16, wherein the polylacfic
_aqid tﬁpe:polymer (A)'and the_aliphatit polyester (ﬁ) other than
'polylactic acid have a crosslinked structﬁi:e férrﬁed eithér in each
of and/or between them.

33. The string for rackets, the suture or the string for
musical instruments according to_Claiﬁ 16, wherein fhe melting
point of the aliphatic polyester (B) other than polylactic acid
is lower than that of the polylactic acid type polymer (A)."

. Tperstring for rackets, the suture or the string.fof
musical igStruments accordihénto Claim 16, wherein the drawing is
conducted at temperatures not lower than the melting point of the

'aliphgtic'polyéster (B) other than polylactic acid.

35, The string_for rackéts, the suturé or the string for
musical instruments according to Claim 16, wherein the polyla#tic
acid type polymer (A) is oriented and the aliphatic polyester‘(B)
other than polylactic acid is not oriented.

3&‘ The string for rackets, the suture or the string for
musical instruments according to Claim 16, wherein the final draw

ratio of tﬁe monofilament is 3 to 9 times.



36. The string for rackets, the suture or the string for nusical

I nstrunents according to Caim16, wherein the final draw ratio of the
nonofilament is 3 to 9 times. 30c 16 Septenber 2003 37. The string for
rackets, the suture or the string for nusical instru t [ o]

Claim 16, wherein the surface of the mffil ament isn?grt ergﬁ{g{)e\’liezrtg%ljwith a
polymer material (C). 38. The string for rackets., the suture or the string
for nusical instrunments according to Caim37, wherein the polyner nateri al
(C is a polylactic acid and/or an aliphatic polyester other than

polylactic acidjand/ o RV HEEERRNCackets, the suture or the string for

musical instruments according to Claim 16, wherein the surface of

the monofilament is further covered with a polymer material (Cy.

. The string for rackets, the suture or the string for
musical instruments according to Claim 37, wherein the polymer
‘material (C) is a pelylactic acid and/or an aliphatic polyester

other than polylactic acid and/or a polyurethane.



