; e3e| XP$6ZTesb27 APR 2004 -1 DESCRI PTI ON Bl ODEGRADABLE RESI N COVP§§| lﬂ@%ﬁ@%
TECHNI CAL FI ELD The present. invention relates to bi odegradabl e 10%resin
conpositions. Mre specifically, the present invention relates to a

bi odegradabl e resin conposition that can be produced at reduced cost while
mai ntai ning the strength and physical properties of the biodegradable
resin; a biodegradable resin conposition with inproved bi odegradability;
and a resin conposition having an additional useful function. 15 BACKGROUND
ART Pl astics have conventionally been used in a wide variety of fields
because they are |ightweight, durable and excellent in nolding
processability. On the other hand, hewevessrg astics deconpose very little
under 20 natural environmental conditions. Therefore, if disposed of by
underground burial, plastics remain alnost permanently. If plastics are

di sposed of by incineration, problens arise such as the generation of toxic
gas or damage to the incigtenamcerDABNE dEspusabMpbsprastgcs has 25 been
focused on as an environnmental problem ~ 7 APR 204 -2 Therefore, with
“the purpose of protecting the gl obal environnent, there have been active
attenpts to devel op bi odegradabl e resins. Bi odegradable resins are
currently classified into the fol TRVWNE A dUFED 5 chenical |y synt hesi zed
resins such as pol ycaprol actone, polylactic acid, polyvinyl alcohol,

pol ybut yl ene succi nat éR&n8IESEHIy rBVENEhERebPLa ke bbi 2l PgePrasthitled resins

such as pol%e%grogéfutynate/valerate copol yners: and 10 natural
product - der INEGTT ESHESIGERTEs HRET I SREFH U GEELY Fhith &TeS ¥ ere is a

proposal to .add st.arch or ro%esseg.starch tB these.resins in order to
reduce the é%g?ﬂéﬁ‘rﬁ%ﬁﬁg&gsbiSdgg AG46PT Ry %%aﬁ%ﬁ%@ecﬁﬂﬁ%%ﬁpﬁgh Patent 15
Publ i cati 14228l 1333/ |, 4248851/.1992, 331315/ 9 d
23702??I582?ﬁ e ad itpéﬁ%% egtgﬁcﬁ%ggggg fgggié %g%a aﬁ%%g%é%?i%F%groves

bi odegr adabidddah U 30V BHGY chedBeBRtEERTLE, £ ONOGL QP41 4nd | i ke

mechani cal properties
resin; a biodegradable resin composition with improved

biodegradability; and a resin composition having an

additional useful function.

15 BACKGROUND ART

Plastics have conventionally been used in a wide
variety of fields because they are lightweight, durable
and excellent in melding processability. On the other
hand, however, plastics decompose very little under

20 natural environmental conditions. Therefore, if disposed
of by underground burial, plastics remain almost
permanently. If plastics are disposed of by incineration,
problems arise such as the generation of toxic gas or
damage to the incinerator. The disposal of plastics has

25  been focused on as an environmental problem.




20 required of the resin conposition and nol di ngs thereof, thus ﬁf sipﬁ @ﬁi
problem that the resulting products becone fragile. Therefore, i eé t 4
there is a limtation on the proportion of starch to resin and the desired
cost reduction has not yet been achieved. 25 2 ~ APR 2Q4 -3 DI SCLOSURE
OF | NVENTI ON An obj ect of the present invention is to provide a

bi odegradabl e resin conposition with inproved biodegradability while
substantially nmaintaining the 5 nechanical properties of the biodegradable
resin. Another object of the invention L§_to provi de a bi odegradabl e resin
conposition that can be produced at reduced cost while substantially

mai nt ai ni ng t he nmechanj ert.i.es .of i.odegr i A further
obj ect of the 10 inveﬁ?%%%ﬂﬁéggowgﬁgbiﬁg %ﬂgpggggggdégﬁggggéﬁﬁ g%%position
with an addi §iopal Hsefdnddct e whin& Suhshantially REALRENLHY the
mechani cal properties of the biodegradable resin. The present inventors
carried out davenspvieiddedese e dayirand Bi ghtgtaaasid evss e ahove

obj ects and found that the addition of a mannan di gestion product to a

bi odegr adabl euresnil ¢ arl 5 0Mi idel d ntes itheC @PASkEngN gwblipsk npr oved

bi odegradability and furthernore can produce the resin conposition and

mol di ngs & her eof chegmach blerswoste iz dadharetihes sungl esupeletabirodlegtadapl e
resin while the mechanical properties of the resin conposition and nol di ngs
t hereof are sulsstyamatdid poaqui palgninyd ehoskodf phbyibrorlegreadabl e resin
and nol di ngs thereof. The inventors further found the follow ng specific

ef fect of 25 tHEGESLE EBRp&SPPILEReESNBREEEAG’ a bi odegradabl e resin and  ~
,~~] ~ ~aa~ -4 a nannag.d' estio roduct: the resin composition can adsorb
bacteria to diff8teh? H%Lg%é%r iTfFOF (e Efhan di gestion product

content of thﬁgﬁ;ﬁi%_cog%o%iti%n. Tge igventori confirmed that various
products with A R BB A 26 5( Y PEF T BFEperPP LY EY & Pr oduced by using
the aboye menti oped.£esi O SAMMOSIA] Qg T BActerlal, AdsarRtion or adhesion
peculiar to the resin conposition of f%e invention i's presdimbly one of the

causes of the-exgeldent biodegradability of the resin conposition of the 10
i nvention. The present invention has been devel oped based on these novel

findings. Mrerspee) firadd Vis theridpeanti er pHavisdaschherf pkbowkbgqg o
bi odegradabl e resin conpositions: Item 1. A biodegradabl e resin conposition
conpri si ng asthaodegradadids resiim=ant armmanan diegeski @Rclboptoduyat. |ltem 2.
The bi odegradabl e resin conposition according to item 1 wherein the
bi odegr adabl Enpesie biodryaddagihdtity poapestar. Unkeaminedh8abeotegr adabl e
resin conposition according to 20 item 1 wherein the biodegradable resin is
at 15 Publications Nos. 14228/1990, 31333/1991, 248851/1992,
331315/1993 and 207047/1994) .
The addition cof starch, etc. to biodegradable
resin improves biodegradability but severely reduces
strength, elongation (%) and like mechanical properties
20  required of the resin composition and moldings thereof,
thus causing the problem that the resulting products
become fragile. Therefore, in reality, there is a
Iimitation on the proportion of starch to resin and the

desired cost reducticon has not yet been achieved.

25



| east one nenber selected fromthe group consisting of ponhydrongqugp%&M
pol yl actic acid, polycaprol actone, pol ybutyl ene succinate, pol ybutyl ene
succi nat e/ adi pate, pol ybutyl ene 25 succi nate carbonate, polyvinyl alcohol
and Z; AFF 2~~'"'; -s cellulose acetate. Item 4. The bi odegradable resin
conposition according to item 1 wherein the biodegradable resinis a
polylactic acid polynmer. 5 Item5. The bi odegradabl e resin conposition
according to item 4 wherein the polylactic acid polyner is a a honopol yner
or copolymer of lactic acid (polylactic_%gid), or at |east one copol ymer of
| actic acid and at | east one nmenber seleCted 10 fromthe group consisting

of cyclic lactone, glycolic a%&%CLﬁ'UEMd59X¥ﬁ9E fi&Nacid, a

hydr oxyi sobutyric acid, a-hyd xypent anoi ¢ aci d,

hydroxycaproi ¢ acid, hydraxyhaptanaif adddentydrne: %ﬁf&%ﬁ”%?t.@cbgwﬂe

et hyl ene glycol, polyethylene glycol, I,4 butanedi succinic acid and

sebaci c aci da bi6dRGraddi®l diQASG adRR & i wEeMPesbl-b9Bgaccording to item
1 wherein the biodegradable resin is a polylactic acid. 20 Item7. The

bi odegr adabl lei 6 @sd e A0S ¢ i W 1ac calditRgi i lileMainvheneny the

bi odegradabl e resin has a nunber average nol ecul ar wei ght of 20,000 or nore
and a neldi ngepoamicalf FOPart haghet .tHe émdBlegHaelabiledegsadabl madsim
conposition according to 25 item 1 wherein the nmannan di gestion product is
2 ? APR 2E~~dkjeqt st | Hast i timrbdrs del gotoad der embtibdegredpbtensi sting of
mannool i gosacchari des, gal act omannan di gesti on products and gl ucomannan

di gesti on prBaBER sSCOMPITEMR @ TR siasddgr dasivestesitn redrpssi £P8h accor di ng
toitem1 wherejin tqg n&fprtion of the mannan digestion_product is 0.05 to

40 wt. %rel atFoeS tH BBty (e Vitodddioaddet 8SCESPR C21t BRPRET T RS
b odeg: adabl ce! o8l NLEOIDRSLALon, acsarding Lo A0 LI whetelp the
wt . % of 1'[0he Pﬁx?gr%gi&?ajpé &J eg%.icﬂ)‘ide a blodegradable resin composition
with an additional useful function while substantially
maintaining the mechanical properties of the biodegradable
resin.
The present inventors carried out intensive
15 research day and night to achieve the above objects and
found that the addition of a mannan digestion product to a
biodegradable resin can provide a resin composition with
improved biodegradability and furthermore can produce the
resin composition and moldings thereof at a lower cost
20  than the single use of biodegradable resin while the
mechanical properties of the resin composition and
moldings thereof are substantially equivalent to those of
the biodegradable resin and moldings thereof. The

inventors further found the following specific effect of

25 the resin composition comprising a biodegradable resin and



Item 11. The bi odegradabl e resin conposition according to item1l MQ]%&
further conprises a crystal 15 nucleating agent. Item 12. The bi o g Ko BP0
resin composition according to item 11 wherein the crystal nucl eating agent
is at |east one nenber selected fromthe group consisting of talc, boron
nitride, calcium 20 carbonate, nmagnesium carbonate and titani um oxi de. The
present invention further provides nol dings produced by nol ding the above

bi odegradabl e resi n conpositions. Such noldings include, for exanple, 25

bi odegr adabl e products and products with,antim crobi al 2 ? A~ 2~~;
barrier properties. BEST MODE FOR CARRYI NG QUT THE | NVENTI ON The mannan

i gesti on P QckGhn 43 oS0 LG, RESRENIL S dilven:on LB GoTRRUAd,T o med by

t he di gestion of nmannan™ an rising mannose. ns are polysacchari des

mai nl'y consi sibdgb oba SBONOS & ANd A MGldide dhese clasehhiad LAt enkhe
followi ng classes: 10 (1) Plant-derived mannans: such mannans include copra

neal and f| akesnéh oMl goSOIBH paddiist Heatted tPammiba pkanh ebmpheipabm fam |y
originating in South Africa), tsukuneino (a type of yan) mannan, and

yamai no (Jap@nesenyamonmnmant i ied 2haE weoimarapsodpekygsacehari des
conprising glucose and mannose. Such mannans include, for exanple, nmannans
from konjSac aubenscrobhlayl lerciess yscard tike suit &er amedncstieyofisiygori s
radi ata. (3) Gal actomannans: polysaccharides conprising gal actose 20 and
mannose. Suchhfraphere Mo iried fosrs iox appine s itdenansThe omatlozusal bean gum

soybean hulls derived from soybean seed coat, tanson gum tara.gunl guar
gum etc. (4592PFRFIPRMEARADSREIHaRE WOiEdsd® dhendRfeBecamBoaitieRast two

ot her sugars. .Such mannans incl ude D-gal.act o- D25 gl uco- D- mannan cont ai ned
in the wood 9f %% i%%ﬁ?ﬁk%ﬁﬁilS:Prﬁsgﬁ% 018 O Tngfaf2PPERm Kanthan gum

etc. The nan@?@ePiggétgfghégfggggif¥¥¥jJf1t%%er%%%%e%%mposition of the
10 invention. The present invention has been developed based
on these novel findings. More specifically, the invention

provides the following biodegradable resin compositions:

Item 1. A biodegradable resin composition comprising a
biodegradable resin and a mannan digestion

15 product.

Item 2. The biodegradable resin composition according to
item 1 wherein the biodegradable resin is an
aliphatic polyester.

Item 3. The biodegradable resin composition according to

20 item 1 wherein the biodegradable resin is at
least one member selected from the group
consisting of polyhydroxybutyrate, polylactic
acid, polycaprolactone, polybutylene succinate,
polybutylene succinate/adipate, polybutylene

25 succinate carbonate, polyvinyl alcohol and



5 10 15 invention can be obtai ned by digesting various mannans, igeﬂqﬁﬂpggg%
those exenplified above, using a suitable nethod. For exanple, ‘
fol |l owi ng mannan di gesti on nmet hods are known: bi ochenical digestion nethods
directly using polysaccharide-di gesting enzynmes (nannanase,

gal act omannanase, gl uco-nmannanase, etc.) or bacteria produci ng such
enzynes; chem cal digestion nethods using acids or alkalis; and physical

di gestion net hods using high speed stirrers or shearers. A wide variety of
mannan di gestion products obtained by the_above digestion nethods can be
used in the present invention. The mannan di gestion product used in the
present invention may i Vi y of the above digestion nethods.
However, the nannan di%%%ﬁ?%%kgggﬁgg¥§%roduction method is not limted

thereto. Thext@zﬁn@n di gesth oy -dugt d '}@sli(#)e%’omfp%rsl%QOgSa@éQPBiﬁg £3-1.4
mannobi ose, (3-1,4 mannotriose, (3-1,4 mannotetraose, nethyl (3- nann05|de

and like (3-1,4 rrannOOi’tt@ﬁ)SBGﬂi’b’MéldﬁSahe( ¥Fibdeggalbast emerpeal i gogacchari de,
(3-1,4 gal actonannool i gosaccharide, a-1,6 gal actomannool i gosacchari de,

a- 1, 3 gal act onmannool i gosheltharideand ddlkemerannool i gosaccharides in which
one or two gal actoses are bonded to (3-1,4 nmannobi ose, (3-1,4 mannotriose
or (3-1, 4 nahhetedr aosthe diodedRRIAZ0G r<$ih fompobianohedcsbrdthgre)

gal act omannan di gestion products such as oligosacchari des obtai ned by

di gestion of copra | eestenof fiteedadas thyumolgdmedicl ocist phésmeguis wit h
mannanase; ol igosacchari des wherein glucose or nmaltose is bonded via a
(3-1,4 bond to mannot r¥ d¥FCRANAB et acE® Gileke Offi kectardagidcomannan

di gestion products contained in konja For the sake of conveni ence
comercially 10 15 20 QW%E%EHF@‘h&Hﬁéﬁ*dF&é?FigﬁaﬁF0868t§oﬁﬁ}yE@ru€Ed in

t he present invention ernatl for exa act omannan .di gesti on
products can be obtalnégg%v:éa rac &' &F?@toﬁ&ﬁng%m# gﬁ% g ds of

| ocust, qtg@ara or guar | r o] pitation
and then di gesting thezggﬁactoﬁﬂﬁﬁga %& n%?l% o? gggeg%8%§ﬁ§0ch as

gal act omannanase and |§p% 1{&)égyaflaﬂnﬁya}dgﬁgﬁt%rgglgggharamelght of
5,000 to 50,000, preferably 10,000 to 20,7000. "It is also possible to

produce gl uconmannan dilgestd:en mductic %lwld%Wr%QQNQQe@Q\ﬁdgﬁlwth wat er
to produce a konjac paste and digesting the konjac paste with

gl ucomannanase. These hginatywhrgestidian Herieduclysirdy cagrptti hiced, or roughly
purified products and can be fornmed into any desired shapes, for exanples,
aqueous sol utions, gellsydamkihde drigui ds:idsemydriogyodsanpdwndersd, granul es
and like solids, or drled products. 25 It is also possible to use nannan
digesticgr Zt ~~i 'retixtang glyegnodwdtyeddnileari géycas , mindan di gestion
products in the invention. Mannan di gestion product derivative neans a w de
vari ety of conpounds RYRRIH Dy FHEHydrcaticsn eofdersacienarédetion for
formng a ch cal bo hem acet al hydroxyl group of a nannan
di gesti on pr éand“@?ﬁ@?‘§§ﬁ§?ﬁ%¥§f§fﬁ?l8tﬁ€ﬁp§§5§ﬂﬁﬁcé SSEﬂénﬂot?he
hem acet al hydr oxyl qh |ncludes ose, ascorbic acid,

r
acrylic acid, styrene,niyHer Hi<otb ﬁi‘a &OggﬁﬁﬁgﬁhggerﬁéPe6F 4and

ali phatic ethers I derivatives and the |ike. Exanples of
useful mannan dlgestngm%F%ggét gggivatlves i ncl ude isopropylidene

derivat ives, rbapzy! i depgs q:?lrdd/ébtr‘a\é?a%leb ienegoyneak sdar i \é@[ﬁk}flgﬁg to

pol yal cohol derivatives and pyrrolidone derivatives. 15 The biodegradabl e
resin used in the preseminu@iidan MaNeidd@Fdablkastiseh dhgegted by the
action of mcroorgani snms or enzynes existing in nature such as the soil or
sea. Any known bi odegrradaide Fesiayaraeikeulsed was ghite ofi adegoadakl e resin.
Useful resins include, 20 for exanple, mcrobially produced resins, natural
hi gh nol ecul ar wei ght mast rsyd sy meigsinge gdiingh ofol7€¢al ar weighkt .r esi ns and
nat ural - synt heti c pol ymer conposite resins. Specific exanples include

al i phatic pol§&Btlers slivh kirqrunadails astsdme coppioplladrine ageicdding to

ol yhydr.oxybut yrat e/ val erat e; pol yvinyl al cohols, acetyl 2 ~| Af'P 2004
p y y % y y item whpereyln t)fle mannan dlgestl%n product is




cellul ose, nethyl cellul ose, ethyl cellul ose, pon-(3hydroxybuty éﬁﬁlg
and copol yners thereof; pol ybutyl ene succinate and copol yners th ﬁe WH
a starchcaprol actone conplex. 5 Aliphatic polyesters and pol yvinyl al cohols
are preferred. Especially preferred are aliphatic polyesters, which are
conparatively | owcost thernoplastic resins with excellent heat resistance
and can be nelted and nol ded. Prototype and commercially avail able 10

bi odegradabl e pl astics conposed of polyvinyl al cohols include, for exanple,
"Poval " (trade nanme, product of Kuraray_go., Ltd.). Exanples of aliphatic
pol yesters include polyester resins such as a resin conprising 3 15

hydroxybutyric acid hoopgal yer,Qr .a-6QRol.XARL. af §p¥grgﬁ¥b€£gréc acid and

ot her hydroxy fatty acid, ponIactlc aci d resins, ycapr of acton resins,

and al i phatic pol YESthoiqsdet'l'rﬁ@ %qnﬁia%tnlo@qlgt;sgl:xﬁghaeg an aliphatic
di carboxylic acid or an anhydride thereof 0 Prototype and commrercially

avai l abl e aliphatic pajyesit@indr@sinsliigechide, prelu¥anphe, gli€or@sians known
by the trade name "Biopol" (pol yhydroxybutyrate/hydroxyval erate copol yner,

product of Monsanto Japiaggstlitah produettsr.ade name "Lacea" (polylactic acid,

product of Mtsui Chemicals, 25 Inc.), the trade nane "Lacty" (polylactic

acid, préducitef °. ~~fFhe 12 Ghigradaly 1€ nresriat conpestihéohr adeondneg "tz oPLA"
(polylactlc acid, product of Cargill Dow Polyners, LLC), the trade nane

"| upec" (pol ybutyl ene Kigtilnatheredinbdhat eropesdden of MesHBhBER Gas

Chem cal Conpany, Inc.), the trade name 5 "Lunare SE" (pol yethylene

succi nate, product of '%ﬁﬁﬁ%o§héﬁﬁﬁ§Fths OL0g. fo ﬂHeWFradée%% Ve gidnol | e

#1000" | ybut yl i_nat, f Sh I ., Ltd.
t he traégongng XBFgﬁo%ﬂ§C| aﬁgﬁ (6%1 %&P@F@ﬁ@gw%& gﬁggpggrgate copoly%er
duct of nd t d
gh? ;ﬁd Oceﬁggeen Eﬁm% Od%gbroa%%?ongélng?8§88P§£%$nE%EE%F3tﬁ%n%%al
| ndustrijgs, Ltd.). A'%_égﬁab' g bk%@dirgpgg%asﬁ BY Eh¥LAgnhlsse
S al | e ien

al i phatic polyesters and starc mrer c avall a product s

i nclude, for exanpl e, dﬁ@@éﬁid@'br@@%%&aQ%Uﬁe@obMOTQE A pRoR: Syathet i
Chem cal Industry Co., Ltd. and "Novon" manufactured by Chisso Corporation.

The resins nentioned @Hﬂyaﬁﬂ&yOEEt%%e%lb@e?kéﬂﬁbgg eEstWwo or nore. 20 O
these aliphatic polyesters, especially preferred are aliphatic polyesters

consi sting chieflyl of Tleycdlodandaalabdlel phatinc cdinpashoxyhi scasrding an

anhydri de thereof, and polylactic acid polyners. Exanples of useful glycols

i ncl ude ethyl ene 25 glym 1 Whidbutfamedieal cohp8ihexanedirgbtatlecanet hyl ene

~A"'n ~G-i 4
15 nucleating agent.

Item 12. The biodegradable resin ccmposition according to
item 11 wherein the crystal nucleating agent is
at least one member seilected from the group
consisting of talc, boron nitride, calcium

20 carbonate, magnesium carbonate and titanium
oxide.
The present invention further provides moldings
produced by molding the above biodegradable resin

compositions. Such moldings include, for example,

2b  biodegradable products and products with antimicrobial




-13 glycol, neopentyl glycol and 1, 4-cycl ohexane di net hanol. These glycols
may be used in conbinations of two or nore. Exanples of aliphatic 7 APR 2004
carboxylic acids (or anhydrides thereof) include succinic acid, adipic
acid, suberic acid, 5 sebacic acid, dodecanoic acid, succinic anhydride and
anhydrous adi pic acid. These acids may be used in conbinations of two or
nore. Useful aliphatic polyesters further include high nol ecul ar wei ght

al i phatic pol yesters produced by a coupling reaction using diisocyanate, 10
oxazol i ne, diepoxy conpounds or other co4pling agents. Exanples of
polylactic acid polyners include honmopol yners or copol ymers conpri sing

| actic acid By B SPNORIe onRonent (polylactic acids), copolyners of lactic
acid and one or nore kinds of conpounds selected from 15 cyclic |actones
such as e-caprol actone; oxyacids such as glycolic acid, a-hydroxybutyric
aci d, a-hydroxyisobutyric acid, a-hydroxyvaleric acid, hydroxypentanoic

aci d, hydroxycaproi ¢ EEST,MODRIrEDRy igwranaice 0g¢i gnandnihysrosyoct anoi ¢ aci d,
gl ycol s such as ethylene glycol, 20 polyethylene glycol and 1, 4-but anedi ol ;
di carboxylic aci ds sucteasnasuce niigeatidnapdosaebaciiscdcid. tRangdossent

copol ynmers and/ or bl ock copolyners may be used as the copolynmer. Preferred
are pol yPactieveitiidmn l&uﬁlﬂommﬂqﬂdaéMHmedcbdsthncﬁmgestaon|ofamamhaﬁ
honopol yners. Al so usabl e are copol yners prepared by 21 RRIi"_U(14 -14
copolynerlzaﬁ?@w??ﬂpq%ﬁRHQ:mﬂﬂQ9ﬁﬁ th a pol yet hyl ene gl ycol having a

nol ecul ar wei ght of 600 or nore in a nolar praoportion of 0.1 to 100, an

al i phatic polyester|IM%QQﬁﬂ%Na%ﬁéﬁ%ﬁ?@&ﬁhéFléeﬁ F8iBo¥ 6?“56?9%%%r%¢actone

in a5 nolar_proportion .of 0. 80% Pref repared
by copolynerfgé%lon 6¥PI%R5%Q: <§ﬁ?%ﬁ Fﬁaﬁsﬁ gtﬁ? Eﬁﬁ ?eife ng a

nol ecul ar weight.of. 2,000 to 20,000 in a nolar proportion of 0 1 to 100, an
al i phatic po yester'in a nolar proportion of 0.1 to 500 or

pol yeapnel actone p1and 4Bk 3G <Al ARAKELED Ll madfan0% Jl—}E\}&}éC c il s a

stereoi soneri ¢ nononmer and exists as L- actlc acl actic aci d.

Ei ther isomafedl ahdn ik qfrotnh%%dn%w@bimgayHascygeﬁla_@ﬁ |§C;%1§n@0' din
the invention. It is preferable to have an optical 15 purity of at |east
600, nore pref ertablpaIB0Ci 1y ghegindhengt he gpuieahfpyuekiy is |ow, the
pol ynmer tends to have low crystallinity, resulting in | ow heat resistance
and i nferi ortswohaminal (proper tdfeyamenanhiagh ehdsyhabktyol $Tdesheed, the
proper proportion of L- Iactlc acid is 70s or 20 nore, preferably 90s or
nmore. The bivalelgresdaisire resins used in the present invention may be

pr epar ed by conventional nethods. For exanple, polylactic acids can be

pr epar ed°b %HowﬁiﬁéPﬁéé§a§ﬁchpaéyaﬁﬁéb@rtﬁﬁﬁmﬁ@m@tﬁﬁ%ﬂﬁiqkﬂ@%ﬁhdﬁﬁtatlon

of lactic 25 acid; or _a nethod conprising dehydration of lactic acid 2 ;
| ~Ff ~ 2004 W%pnose Such mannans inciude, for example, mannans from

konjac tubers, 1lily, narcissus and the subterranean stem

of Lycoris radiata.

(3) Galactomannans: polysaccharides comprising gaiactose
20 and mannose. Such mannans include, for example, mannans

from locust bean gum, soybean hulls derived from soybean

seed coat, tamson gum, tara gum, guar gum, etc.

(4) Other mannans: mannans composed of manndse and at

least two other sugars. Such mannans include D-galacto-D-

25 gluco-D-mannan contained in the wood of conifers, and



into |actide and then subjecting the lactide to ring opening .

pol ynerization. It is convenient to use commercially available 27 APR 2084
bi odegradabl e resins. Exanpl es of prototype and currently conmercially
avai l abl e 5 bi odegradabl e plastics include, in addition to the already
mentioned pl astics, those known by the trade nane "Bi ogreen”

(pol yhydroxybutyrate, product of M tsubishi Gas Chem cal Conpany, Inc.),
the trade nane "Cornpol" (nodified starch, product of Japan Corn Starch
Co., Ltd.), 10 the trade nane "Cel green_BCA" (cellul ose acetate, product of
Dai cel Chem cal Industries, Ltd.), the trade nane "Dol on CC'

(chi t osan/ ceh} h 9sef starehh - P g Aicello Chemical Co., Ltd.), and the
trade nane "Cel green” (cellulose acetate-based material, product of Daicel

15 Chenical |ndustri esghd tighnnarF@Md1a oA %%@F&tt gfseaeghaehéaﬂgré%é@@gth,

it is preferable for the biodegradable resin of the invention to have a

nunber aver agevent el @in Wt @it ahabeout d0R8angr vaREeusphehaaably 40, 000
or nore, nore preferably 60,000 or 20 nore, even nore preferably |00, 000 or
nore. From thecliadivpititcsd dweatpridsiest atewe,i usisigpaekean.abbaet hathblie

bi odegradabl e resin have a nelting point of 70C or higher, nore preferably
100C or Wi ghEer examplew el dicdrlablingbennahc0iCge25iThemptbpdst apas of the
bi odegradable resin and 2 ~ p,~? 2U34 -16 the mannan _di gesti on product
vary dependi FPwh* theeRhsical dissistiand metbedet diTReEdFor8ingt s
difficult to specifically define the proportions. Cenerally, the

degr adat i on Pat ¥ 3 TQﬁﬂ§§ﬁlqﬂu§Qﬁ¥§§@gﬁ&é&ﬁﬁ@aﬁésiHagaEBﬁﬁosition

such as bacterial adsorption can be adjuzteg b% %ganging t he gro ortion of
mannan di gestion product— 1S BIotEdyEFabI®eE Srds P FETBFBdByPHEbI ity and

bacterial ad t penties _can,.be enhanced, by i ncreasing.the
proportion d%gﬁgﬁﬁﬁkﬁﬁﬁbé%r%ﬁlﬁﬁb U ?g%ﬁﬁg nggpﬁﬁnasiﬁgc3ﬁp8§i?Fon can
sui t abl e I j T equi g i m i.a ri p ties and
Fapi A deor acan 1Ty, o R ot g er! MethBReghepfby hehnRbRREI | P3 Boe
gal act omannos©l + gosAcShat e LHant apni;Nge80% 98+ €58 RinkED $Si s mannan
di gestion product. The preferable 15 proportional ranges of the conponents
greatly differodependg ored gy idHenrgeduse ektiba neshBdgoRpAShHEi on. The
proportions can suitably be decided in view of the bal ance between physi cal
properties swedd asn sthengtdeeand ifrurcttiions sShid asnbact @t dedtBadsor pti on and
20 bi odegradability. Fromthe vi ewpoint of nechanical strength, it is
adequat e t haerediectpriopot tirortlsf grssemndaveditgest mey prodbttibedubual |y
0.05 to 40 wt.o, preferably 0.5 to 10 wt.% nore preferably 1 to 5 w.%

rel ativé o AW ¥ . vfalpra e dsisddegr agablodsr esiipwveveD, sthRumrag, - 17
Fromt he viq¥foints of d%g{adation rate (biodegradability) and bacterial
adsor ption, 195 RPRABPIThATINEHBpEtion éf twé AdAd&fIdit§eseren
product be usually 1 5&140 mﬁ.@bcgyefenablé 5 t0, 20 m@. o, 5 _nore
preferably 5 to 10 w %"F &1%tAe T FSF66 W Gref he LBFoHEGPadiBFe resi n.

Wth the pur functj | _Lnprovenent ,or addition of ,a.new function
addi tives nﬁ%gggx%%béggdf%EE%I??ﬂﬁ?%fhe%Eﬁdée8F§886Fé0F8$iﬁ_ onposition in
any. L0, Pr oPGRN L el A0 i Mo ichiilgnl ane1agn! g aphoment s

antioxi dants, antistatic agents, tting agents, antia ing agents,

f1 uor esgent zmﬂmuﬁrtff%céﬁéﬁ%%b%mﬁgs YUY 1812BhhhaE8RS 1 gbYRARLRERE Se,

fillers, carbon bl ack, thickeners, chain“extenders, crosslinking agents,
crystal 15 nuel patddigagetimhoddliaglida@chens dest abiil iszers and vi scosity
stabilizers. The addition of a crystal nucleating agent such as talc, boron
nitride, calgdlamtcandonatle gomgnesirddegarbanate or titaniumoxide is
especially preferred because it pronotes crystallization during the 20

t her nof or m rgp procesnraw liggeords rtikie hedt lidsi seancelagdsaechanidak

strength of the nolding. As long as the
in which one or two galactoses are bonded to B-1,4

25 mannobiose, p-1,4 mannotriose or P-1,4 mannotetraose to



effects of the invention are not adversely affected, starch and Qigcgggeﬂm4
starch, pectin, chitin, chitosan, alginic acid or a salt thereof,~xyl'6Se?
cellulose or a 25 cellul ose derivative such as carboxynet hyl cel |l ul ose may

2 7 ASR ZnO~a -18 al so be added. The bi odegradabl e resin conposition of the
invention can be prepared by m xing the above bi odegradable resin and the
mannan di gestion product with S heating. The nethod for m xing the

bi odegradabl e resin and the mannan di gestion product is not specifically
limted. Useful nethods include a methodgconprising adding a nannan

di gestion product to a biodegradable resin 10 while heating the resin, and

1 Xi ng_US NG gik AN SN At AR @l oo BLNATo£QUPE) ShPGgELL T ng and

kneadi ng a mannan di gestion product and a bi odegradable resin in an

extruder; bl owcwod i sk gadrckdreamday digig.inbaephedt bBgct 8APSEatYSLa i S
usually in the range of 120C to 250C. 15 From the vi ewpoi nt of

bi odegr adabi l¢¢y, ¢defeanpgeof Ju2ACdem 0Cdcaspr ekanablif. wibe

bi odegradabl e resi n conposition obtained can be processed, for exanple, by
a net hod conpansimgsdeatlingp sdtHayjiekts ndetrag ncotpesski op maldoas £xtrusi on
mol d or 20 can be dissolved in a solvent and fornmed into nmenbranes, sheets,
films or netkonded Biaddediaddabl®nddio reomedsiibisen mhnhhéetngestion can
thus be forned into various shapes such as filns, sheets, plates, foans and
bottles. Theb$ ob ket DI kuigmsdinaronsl iess tdont asPyYubEsusedt #bred hisn

foll owi ng vari et 21 ~IPl~ COQ-r -19 of purposes: packaging materials
such as tray ?n3%%n1trays, stretch films, shrink films, beverage bottles,

and blister packagi ng for toothhrushes; agri,cultural and gardening
material s such as gree‘%%J§EEﬁ?ﬁﬁ%fnfﬁﬁwg%nﬂﬁpﬁﬁf ﬁﬁ@?ﬁrggﬁggﬁose films,
vegetation fi | N9 . Potss e trings, and covering.materials for
fertilizers %xh%f%ﬁﬁ%?{d es;rpcc%l\ﬁel&gr?g“l %é:é)fiiu%ésnamfaé/r |%§I gsgacﬁnaéﬁgeget ation

‘nets, heavy Padsenconstddictdon mekdsnapiyil engipegring sheets and grass
stakes; fishery materials such as glsﬁlng %6’nets, %é@%% 'nets, cultivation
nets, fishingald®@smatthn digestion products can be obtained by
| extracting galactomannan from the seeds of locust, tara or
guar plants by water extraction or alcohol precipitation
and then digesting the galactomannan with an acid or an
15 enzyme such as galactomannanase and isolating the fraction
with a molecular weight of 5,000 to 50,000, preferably
10,000 to 20,000. It is also possible to produce
glucomannan digestion products by swelling konjac powder
with water to produce a konjac paste and digesting the
20 konjac paste with glucomannanase. These mannan digestion
products may be purified or roughly purified products and
can be formed into any desired shapes, for examples,
équeous.solutions, gels and like liquids, semi-liquids,

powders, granules and like solids, or dried products.

25 It is also possible to use mannan digestion



fishing bait bags; waterproof sheets and packagi ng material s suchy gsip&pgtis
di apers and sanitary products; nedical appliances such as syringes;
commodities and sundry articles such as garbage bags, shoppi ng bags, 15
pl astic bags, drain nets, |am nated containers for dishes, spoons and
forks, binding tapes, toothbrush and razor handl es, shanpoo and conditi oner
bottles, cosnetic bottles, pens and markers; nedical materials such as
osteosynthesis materials, suture materials and wound covering materials; 20
air cleaning filters; magnetic cards, lagels, nold rel ease papers, golf
tees, etc. The bi odegradable resin conposition of the invention, as it is
or after beipgod@Eeged NfL Hhe QQ§&ﬂ§%$d%h@ngs%ﬁgnE?rHaﬁgtésiﬁ plgnd by

e a

addi ng the conposition to 25 a suitabl e biodegra e resin. This use can

reduce the i@vdntider, ~Mhnhan20igestsonf peenvent 4oRalabivdegradall e resins
and bi odegradabl e resin products (noldings) prepared using such resins and

al so i npr ovewbiedepr astabidfi toamdauridee pridRcedewyf unaehoasataski m crobi al
barrier 5 properties) can be inparted to conventional biodegradabl e resins.
Exanpl es Exappheésnzateiqi vermdislow fiar ifldmrsthmate cheaitfli hvedt bebween nmor e
detail, but it is to be understood that the invention is not limted

t her eby. “Exafpt ehaniggedctlofaiioalvilgesacechafi demgpnedudigestOPR Co., Ltd.)

was used as a mannan di gestion product. Polylactic 15 acid ("Lag%y #9000"
manuf act ur edPBYERT R (P 15D GRS temCawas TS edt BRT aswh Herrpadeding rtesi n.

The polylactjc acid, tal nd, gal act omanno- ol.i gosacchari de were m xed at a
wei ght ratio{%?a%%@%ﬁﬁ%ﬁﬁaﬁﬁ’ Fddte J LN Pa 1BFAbERGer TPFask8fPaBh at 120C for
30 mnutes. Polyl ct%(%é%_gq %p. "Lac%&_#lOlZﬁdnangfactureg.bﬁ Shi madzu

Cor por ati on) " Was Turther Aaddéd s 18 Vit §Fd %t ShYhelgnt “HEEED of 1:1 and
kneaded in a,highs gﬁ?j X8 £ar, 30 i nut es. e_resulting_m xture was

mel ted by hea?%é%?%ﬁi (;gégiﬁﬁﬁiyﬁ§eﬁgg%%03éiﬁégaagg§#3%§?rﬁ e??gThe

pel | et's 1wer e] ol dedy 25 d b -wWith -a 4t hi.ckR of ﬁgﬁﬂg um
["Lacty | ~&%% a 2nD4 Fn%% gile%{lgfat:lw(e't'Sngdy%1%0%%%%0%ta C ek

40s/ gal act onesenel irgasace hardede iH 5 RRit5ekr 1 TRk veheehMagecut to a size
of 100 mm x 100 mm and tested. 5 Conparative Exanple 1 A resin conposition

was prepar edisoptdiey Siatemaaiiiervaas vies , Exanmphe ideexcaptityhat vkal ¢ was used

in place of gal act omannool i gosacchari de, and nol ded into a sheet ["Lady

#101 2" : (" Uactylerg000yd0%dealivad0@ess Bd15@[lcohol derivatives and
pvrrclidone derivatives.

15 The bicdegradable resin used in the present
inventibn means a resin (plastic) digested by the action
of micreoorganisms or enzymes existing in nature such as
the soil or sea. Any known biodegradable resin may be
used as the biodegradable resin. Useful resins include,

20 for example, microbially produced resins, nafural high
molecular weight resins, synthesized high molecular weight
resins and natural-synthetic polymer composite resins.
Specific examples include aliphatic polyesters such as

poelycaprolactone, polylactic acid,

25 polyhydroxybutyrate/valerate; polyvinyl alcohels, acetyl



10 Conparative Exanple 2 A resin conposition was prepared in the sag ﬁPR 2004

manner as in Exanple 1 except that corn starch was used in place of talc

and gal act omanno-ol i gosaccharide, and nolded 15 into a sheet ["Lacty #1012"
("Lacty #9000" 50% corn starch 509% = 50:S0]. Experinment Exanples The

sheets of the biodegradable resin 20 conpositions prepared in Exanple 1 and

Conparative Exanples 1 and 2 were neasured with respect to the foll ow ng

paranmeters to evaluate their physical properties and functionalities: 25

1.. Mechani cal properties 2 ? ~~1"R 2004 -22 Fracture strength and

fracture el ongation were nmeasured in accordance with JIS K-7113 at 17C at a

hum di f ) I d f
oty of S0, Tatl o L ahevs-ae g Ly B aeutecsliopglpgod 17 act o

el ongati on were ca 7ol ormul a ure strength

N = F A ' ' % _
e S P ek QA ceoan s iy oo (1

1*Conp. EX. ddé&eimatdand® BiLknaes o Me0e2030,4919. 504FrRpct ure
strengt h4448. 94753. 53364. O( N cnR) Fracture el ongationl.41.81.5~%) 10 * In

Tabl e 1, Examppeolacnch<Carparlati.ve Exanple 2 represent the average of 9
sanpl es, and Conparative Exanple 1 represents the average of 5 sanples. 15
These resul ts confir mAhigthathe addivicisteref aadmanhanidiyfjeslconops odiket to a
bi odegradabl e resin hardly affects the mechani cal properties of the

bi odegr adablRr¢Esireducksascipradvupecier eagt Aranyl iptat ur el ymrgatison. 20

2. Evaluation of biodegradability Flat plate filns (1 Gcmx |0cmx 0.2cm
t hi ck) which are comparativeély low-cost thermoplastic resins with

excellent heat resistance and can be melted and molded.
Prototype and commercially available
16 biodegradable plastics composed of polyvinyl alcohols
include, for example, “Poval” (trade name, product of
, Kuraray Co., Ltd.).
Examples of aliphatic polyesters include
polyester resins such as a resin comprising 3-

15 hydroxybutyric acid homopolymer or a copolymer of 3-
hydroxybutyric acid and other hydroxy fatty acid;
polylactic acid resins, polycaprolacton resins, and
aliphatic polyesters mainly consisting of glycol and an
aliphatic dicarboxylic acid or an anhydride thereof.

20 Prototype and commercially available aliphatic polyester
resins include, for example, the resins known by the trade
name “Biopol” (polyhydroxybutyrate/hydroxyvalerate
copolymer, product of Monsanto Japan, Ltd.), the trade
name “Lacea” (polylactic acid, product of Mitsui Chemicals,

25 1Inc.}, the trade name “Lacty” (polylactic acid, product of



~ Z AFR 204 -23 were prepared in accordance with the processes des?ijaﬁﬂgkﬂﬂé
Exanple 1 and Conparative Exanple 1. Five sheets each of these fil rt :
buried 1) in activated sludge and 2) in soil. The bi odegradability was
eval uated from changes 5 in weight. Reduction in weight (weight |oss %
i ndi cates the degree of biodegradation of the flat plate film Table 2
shows the results. In Table 2, Exanple 1 represents the average of 9
sanpl es, and Conparative Exanple 1 represents the average of 5 sanples. 10
[ Tabl e 2] 1) Biodegradability in activated sludge (sewage treatment plant)
Wei ght | oss sExanpl e 1Conparative Exanple 1Start (0 hour)001 nonth
| at er 86. 130. &2 mnt L. 663. ro J5) -

§&5 lpﬁkhﬁ%gggéo § %gggg%%Pg %%%ﬁp §c%§§A ?&H%E%Eﬁ%ut (0

Bi odegradability I n soil ht 'I'os arative

hour) 001 montdy d atarficB16 42 -70athS phat 8688x4¢0. 98PNt Hise | @1 8192 | 54. 3

, ~FFt 24 -24 These results confirmthat the addition of a mannan digestion

product to andnodeniridabl @Jeput St theanhkyel ARFBYLStE NG roduct of
bi odegradability of the resin. 5 3. Evaluation of bacterial adsorption

capabi ity Miatsydiatte fddsmEhEen@emlx Co@pany, 0Idem 1 htkk) t nede mpamwpared in
accordance wth the processes described in Exanple 1 and Conparative
Exanpl e ?. Fillvnsteds daclvetthylese tSukpinwkee pradedtiof dib®@oml f| asks
containing 10 100 nl of a bacteria culture nmedium (Escherichia coli,

bact eri a couttekubad fiFe -baddrderi altie) taadeshakenBTpenl le hel®90hs were taken
out and the bacterial count in the mediumwas determ ned. The adsorption s
was det er mi nEPFAVHEITES GG S nPEgeet af ebone . Hiappel gnehov- t he 15

results. In Table 3, anpl e 1 represents t average of 9 sanples, and
Conpar at  ve Bl #56 1SS RTE {ReoRTLiagBFLE Sabresty [Tabl o 3]
Bacteri al adsorptiqn YExanple 1 arative EX e.lStart. (0 hour)0010
i nut es Iaté%ﬁ?ggﬁﬁf§é§ﬁ%ﬁyfe§OP§ﬁgB§£fSBFggBCﬁ?E%t%@OV%t%+é%P%§. %0 The
resul tsjgonfdd m yhat \Lheqh adeotadall Rahes! Aeerbronapls 206P~ -25
conposition of the 1 nvention containing a mannan digestion product in

ggg;h:F?t;?“téﬂdmﬁﬂ{éd@ﬁ¢e(%%é&%a%%%lQE%BBE¥,iBPBSMSstéftﬁéi@éladsorpti0”
Chemical Industries, Ltd.).
Also usable are blends prepared by mixing these
aliphatic polyesters and starch. Commercially available

15 blend products include, for example, “Mater-Bi”
manufactured by The Nippon Synthetic Chemical Industry Co.,
Ltd. and “Novon” manufactured by Chisso Corporation. The
resins mentioned above may be used in mixtures of two or
more.

20 Of these aliphatic polyesters, especially
p;eferred are aliphatic prolyesters consisting chiefly of
glycol and an aliphatic dicarboxylic acid or an anhydride
thereof, and polylactic acid polymers.

Examples of useful glycols include ethylene

25 glycol, 1,4-butanediol, 1,8-hexanediol, decamethylene



5 | NDUSTRI AL APPLI CABI LI TY The bi odegradabl e resin conposition angéfghg%g%§
t hereof according to the present invention rapidly deconpose conp ik
nature such as in soilor in water by the action of enzynes or bacteria

wi t hout generating 10 toxi c substances. Therefore, after use, the

bi odegradabl e resi n conposition and nol di ngs thereof can be di sposed of, as
they are or after grinding, by underground burial or underwater disposal.
Especi al ly, the bi odegradable resin conposition 15 of the invention
prepared using a polylactic acid polyner,4s a biodegradable resin is
transparent and useful as a bi odegradabl e plastic (biodegradabl e product)

w th excel | egtytougNIessen LRI LhA1d L DASL LeShs! ARgenshor of or e

this resin conposition can suit € use vari ous purposes

especi al |y regedsi oy SdTLnghh pes Ut AS bevaibage cheht! 83, tRhagpog. And
conditioner bottles, cosnetic bottles and |ike polyethylene terephthal ate

(PET) bott!| eBxampVéd SNGNGRTAHIE R3S SHehdas (eenshhygti@8s mol ds and
piles; fishery materials such as fishing nets 25 and fishing |lines

agri cul tur al timetesf al sndlordey egetadtriion acidl, r adib2 cQa04d; 26unedi pl asidc
greenhouses; vegetation materials; |amnated containers for spoons and
forks; toot hiekstiantidzotodrrrdicds; amedi, calucranéri ahbyduttieasnd
osteosynthesis materials and suture materials; sports goods such as golf 5
tees; witinPRUPMPIesERIT @isencThesasesiandnpy dseiessheigts | ai d under
witing paper; clJothing and industrial textile products; sanitation and

medi cal rel at€PTRAEHE LUt &F dicSer sUSSART t at yPR bHUISLY difes and

Phe’b; odegh b I cr L EHEORR Ml S5P et vengont PR L er Phore SFout ded
broducr s (ol BrpRSET Rel (FARA G, st oheg aanat - ies Ko EaRBosI ti on

The G spo o SPETELRES I RIAERISET  boute cofl b oadeaet oo U For

exanpl e, as antinicrcﬂggﬂmﬂyggiég ﬁdag %giﬁgrg@ggtéogyﬁgggiygciQ&ethe

[

prevention of nosocom al infection. % i ng a mannan di gestion product to
a 20 bi odegriastahb @l yresid, ot MO8 idowRHiis@AgCARCRRBVEEE a8 9degr adabl e
pl astic (a biodegradable product) at a | ower cost than single use of the
bi odegr adablmecnass n, cardpdreersubigtcantliaaltliy: B®iidisai, nicBgol krefechanigatic
properties at the | evel achieved by a biodegradable plastic (a
bi odegr adabl &b prdduct )ox onpws éd rafs tolfe coimpdegdadablectedi Arahone. 2 7
6aPP 2~flk -27 Clains 1. A biodegradable resin conposition conprising a
bi odegr adabl @/ ¢kt nlq@@ER Fusth fAsne -calpirgllesspngnd cayBcaanancli gest i on
product. 2. The bi odegradabl e resin conposition according to claim1l
wher ei n t he Br¥tRgradibid rediminoxvhntarishacie, perpedreryisobgtyThe
biodegradablégié?n n.c ositi.on according to claim1 wherein the

S

bi odegr adabl iqfﬁ() XY VS I6n & Sicirh & L QrgREBE2PPdM £RETgr oup
consisting qué%%ﬁ§9§¥é¥%%?%&%&ﬁt%yd%%&%%%% %%o%%igbigogxgapr0|aCtone;
hydroxyoctanoic acid; glycols such as ethylene glycol,

20 polyethylene glycol and 1, 4-butanediol; dicarboxylic acids
such as succinic acid and sebacic acid. Random copolymers
and/or block copolymers may be used as the copolymer.
Preferred are polylactic acids.

Useful polylactic acids include lactic acid

25 homopolymers. Also usable are copolymers prepared by



15 pol ybutyl ene succi nate, pol ybutyl ene succi nate/ adi pate, pol ybutylen e :
D nate o vl al co pat e, PolybuLYl SnGrr zo4

succi nate carbonate, polyvinyl alcohol and cellul ose acetate. 4. T

bi odegradabl e resin conposition 20 according to claim1 wherein the

bi odegradable resin is a polylactic acid polynmer. 5: The bi odegradabl e
resin conposition according to claim4 wherein the polylactic acid pol yner
25 is a honopol yner or copolyner of lactic acid (polylactic 7 A P~ 2pp4
-28 acid), or at l|least one copolyner of lactic acid and at | east one nenber
sel ected fromthe group consisting of cycfic |actone, glycolic acid,

a- hydroxybutyric acid, ahydroxyisobutyric acid, a-hydroxyvaleric acid, 5

hydr oxypent i il ; i ik, r gx [ ci 4,
hydroxyoctaﬁgf%&%%?%el%%%g%gﬁgpggﬁggﬁi%%%€33F§§Ignégggéggg?g&?4égﬂ%%%edioI,

succi ni ¢ aci gz ey sehesl o weliQHe: ckheoi edegphadablhear gsifr-conposi tion
according to claim1 wherein the biodegradable resin is a polylactic acid.
7. The bi odegragkabt ort esf ro corqosios,ornnlalageardengol 9estarmd sherein the
bi odegradabl e resin has a nunber average nol ecul ar wei ght of 20,000 or nore
and a nel ti mgepar mrafortli©orofhilgierto 80%The bbagegpadabkeonesin a

conposi tion according 20 to claim1 wherein the nmannan di gestion product is
at | east “onemereibarr Gedchad df dmlt he §0Gup Boabésibhlhe afe copolymers
mannool i gosacchari des, gal act omannan di gesti on products and gl ucomannan

di gestion proeRI%ed Iy ForrHemsirddedriamalsiie laesin aoipodithoa 1 T , ERR
2Q4 -29 accordjng to claiml1l wherein the proportion of the mannan di gestion

product is OF WERR Brsiod Ny ing Fodlakesdert Heiehbdedr Ad8BP et? esi n.

20,000 in a molar proportion of 0.1 to 10%, an aliphatic
polyester in a molar proportion of 0.1 to 50% or
10 polycaproiactone in a molar proportion of 0.1 to 50%.

Lactic acid is a stereoisomeric monomer and
exists as L-lactic acid and D-lactic acid. Either isomer
or a mixture of these isomers may be used as lactic acid
in the invention. It is preferable to have an optical

15 purity of at least 60%, more preferably 80% or higher.
When the optical purity is low, the polymer tends to have
low crystallinity, resulting in low heat resistance and
inferior mechanical properties. When high elasticity is
desired, the proper proportion of L-lactic acid is 70% or

20 more, preferably 90% or more;

The biodegradable resins used in the present
invention may be prepared by conventional methods. For
example, polylactic acids can be prepared by known methods
such as direct dehydration and polycondensation of lactic

25 acid; or a method comprising dehydration of lactic acid




5 10. The bi odegradabl e resin conposition according to claim1l mhegegquqhqmg
proportion of the mannan digestion product is 1 to 40 wt.s relative to 100
wt.o of the biodegradable resin. 10 11. The bi odegradabl e resin conposition
according to claim1 which further conprises a crystal nucleating agent.

12. The bi odegradabl e resin conmposition 15 according to claim 11l wherein

the crystal nucleating agent is at | east one nenber selected fromthe group
consisting of talc, boron nitride, calciumcarbonate, nagnesium carbonate
and titaniumoxide. 20 13. A bi odegradab] €. product produced by nolding the

bi odegr adabl e resin conposition of clain11 14. A product with

anti i cr obl al pbar 1€ £ 0P Lhgsh RIAULEd i ad he Sedegadable resin 25

conposi tion of claim1. ~ 7 A~ ~ stract The pres i nvention

provi des a bbpdﬁgﬁ@dp@lﬁnéﬂﬁiéti&ﬁpoiitt iancwhiBnk BRF ovedy bk odegr adabi ity
or with 5 an additional useful function (antibacterial properties), while

mai ntai ni ng tbemeechanl ¢ahvpt Dierd ikt digrifidilicodegriadabl exi@sids dMbre
specifically, the present invention provides a biodegradable resin
conposi ti on poatatvpagard biodegradablcemeasiimldyc lavad labpel yl actic acid 10
polymer and a manmman di gestion product such as a mannool i gosaccharide. The
present ihvehiPdndradeihbe pravides varliwies birodeghiadabl ¢optbduelsepdpduced
by nolding this blodegradable resin conmposition into desired shapes.

A V. Ah. A ngﬁpp}qng‘Ap%@g@&pgm(those known by the trade name

. AHY. AY. A. . A<. A A Av é& AL AKALLA Y. A LA LA A AL9=?0- N&W?v 1 f

{vql gb] X] ca] cBFL&F L&} cafke %%ﬂ%ﬁﬁ?ﬁHQnﬂH£QQE§FC&FcyFééPEéFEé] 8Fca] ca]

AN AN
¢ a]ca]ca]ca&gg%gcg C@%m ﬁ?ﬂ(fﬂc ', the trade name “Ccrnpol”

(modified starch, product of Japan Corn Starch Co., Ltd.),
10 the trade name “Celgreen PCA” (cellulose acetate, product
of Daicel Chemical Industries, Ltd.), the trade name
“Dolon CC” {chitosan/cellulose/starch, product of Aicello
Chemical Co., Ltd.), and the trade name “Celgreen”
(cellulose acetate-based material, product of Daicel
15 Chemical Industries, Ltd.).

From the viewpoint of mechanical strength, it is
preferable for the biodegradable resin of the invention to
have a number average molecular weight of about 20,000 or
more, preferably 40,000 or more, more preferably 60,000 or

20 more, even more preferably 100,000 or more. From the _
viewpoint of heat resistance, it is preferable that the
biodegradable resin have a melting point of 70°C or higher,
more preferably 100°C or higher, even more preferably
about 160°C.

25 The proportions of the biocdegradable. resin and
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15 proportional ranges of the components greatly differ

depending on the intended use of the resin composition.

The proportions can suitably be decided in view of the

balance between physical properties such as strength and

functions such as bacterial adsorption and

20 biodegradability.
From the viewpoint of mechanical strength, it is
adequate that the proportion of the mannan digestion
product be usually 0.05 to 40 wt.%, preferably 0.5 to 10

wt.%, more preferably 1 to 5 wt.%, relative to 100 wt.% of

25 the biodegradable resin.
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From the viewpoints of degradaticn rate
(biodegradability) and bacterial adsocrption, it is
adequate that the proportion of the mannan digestion
product be usually 1 to 40 wt.%, preferably 5 to 20 wt.$%,

5 more preferably 5 to 10 wt.%, relative to 100 wt.$% of the
bicdegradable resin.

With the purpose of functional improvement or
addition of a new function, additives may be incorporated
into the biodegradable resin composition in any

10 proportions. Such additives include, for example,
pigments, antioxidants, antistatic agents, matting agents,
antiaging agents, fluorescent brighteners, UV absorbents,
UV stabilizers, lubricants, fillers, carbon black,
thickeners, chain extenders, crosslinking agents, crystal

15 nucleating agents, plasticizers, stabilizers and viscosity
stabilizers. The addition of a crystal nucleating agent
such as talc, boron nitride, calcium carbonate, magnesium
carbonate or titanium oxide is especially preferred
because it promotes crystallization during the

20  thermoforming process and improves the heat resistance and
mechanical strength of the molding. As long as the
effects of the invention are not adversely affected,
starch and processed starch, pectin, chitin, chitosan,
alginic acid or a salt thereof, xylose, cellulose or a

25 cellulcse derivative such as carboxymethylcellulose may
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also be added.

The biodegradable resin composition of the
invention can be prepared by mixing the above
biodegradable resin and the mannan digestion product with

5 heating.

The method for mixing the biodegradable resin
and the mannan digestion product is not specifically
limited. Useful methods include a method comprising
adding a mannan digestion product to a biodegradable resin

10 while heating the resin, and mixing using a kneader such
as a roll mill; a method comprising melting and kneading a
mannan digestion product and a biodegradable resin in an
extruder; blow molding; and foam molding. The heating
temperature is usually in the range of 120°C to 250°C.

15 From the viewpoint of biodegradability, the range of 120°C
to 160°C is preferable.

The biodegradable resin composition obtained can
be processed, for example, by a method comprising heating
and injecting the composition into an extrusion mold or

20 can be dissolved in a solvent and formed intc membranes,
sheets, films or nets.

The biodegradable resin composition of the
invention can thus be formed into various shapes such as
films, sheets, plates, foams and bottles. Therefore, the

25 composition can suitably be used for the following variety
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of purposes: packaging materials such as trays, foam trays,
stretch films, shrink films, beverage bottles, and blister
packaging for toothbrushes; agricultural and gardening
materials such as greenhouse films, tunnel films, multi-

5 purpose films, vegetation films, seedling pots, seed
strings, and covering materials for fertilizers and
pesticides; civil engineering materials such as vegetation
nets, heavy bags, construction molds, civil engineering
sheets and grass stakes; fishery materials such as fishing

10 nets, laver nets, cultivation nets, fishing lines and

'fishing bait bags; waterproof sheets and packaging
materials such as paper diapers and sanitary products;
medical appliances such as syringes; commodities and
sundry articles such as garbage bags, shopping bags,

15 plastic bags, drain nets, laminated containers for dishes,
spoons and forks, binding tapes, toothbrush and razor
handles, shampoo and conditioner bottles, cosmetic bottles,
pens and markers; medical materials such as osteosynthesis
materials, suture materials and wound covering materials;

20 air cleaning filters; magnetic cards, labels, mold release
papers, golf tees, etc.

The biocdegradable resin composition of the
~invention, as it is or after being formed into the desired
shape, can be used as a blend by adding the composition to

25 a suitable biodegradable resin. This use can reduce the
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costs of conventional biodegradable resins and
biodegradable resin products (moldings) prepared using
such resins and aiso improve biodegradability.
Furthermore, new functions {(antimicrobial karrier
5 properties) can be imparted to conventional biodegradable

resins.

Examples
Examples are given below to illustrate the
10 invention in more detail, but it is to be understood that
the invention is not limited thereby.
Example 1
Galactomannooligosaccharide {product of Ce¢P*R Co.,
Ltd.) was used as a mannan digestion product. Polylactic
15 acid (“Lacty #9000” manufactured by Shimadzu Corporation)
was used as a biodegradable resin. The polylactic acid,
talc and galactomanno-oligosaccharide were mixed at a
welght ratio of 50:40:10 and kneaded in a Brabender
Plastograph at 120°C for 30 minutes. Polylactic acid
20 {(“Lacty #1012” manufactured by Shimadzu Corporation) was
further added to the mixture at a weight ratio of 1:1 and
kneaded in a high-speed mixer for 30 minutes. The
resulting mixture was melted by heating and formed into
pellets using a test extruder. The pellets were molded

25 into a sheet with a thickness of about 500 um [“Lacty
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#1012” : (“Lacty #9000” 50%/talc 40%/galactomanno-
oligosaccharide 10%) = 50:50]. This sheet was cut to a

size of 100 mm x 100 mm and tested.

5 Comparative Example 1

A resin composition was prepared in the same
manner as in Example 1 except that talc was used in place
of galactomannocligosaccharide, and molded intc a sheet
[“Lacty #1012” : (“Lacty #9000” 50%/talc 50%) = 50:50].

10

Comparative Example .2

A resin composition was prepared in the same
manner as in Example 1 except that corn starch was used in
place of talc and galactomanno-oligosaccharide, and molded

15 into a sheet [“Lacty #1012” : (“Lacty #9000” 50%/corn

starch 50%) = 50:50].

Experiment Examples

The sheets of the biodegradable resin
20 compositions prepared in Example 1 and Comparative
Examples 1 and 2 were measured with respect to the
following parameters to evaluate their physical properties

and functionalities:

25 1. Mechanical properties
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Fracture strength and fracture elongation were
measured in accordance with JIS K-7113 at 17°C at a
humidity of 50%. Table 1 shows the results. Fracture
strength and fracture elongation were calculated from the
5 following formulas:

Fracture strength (N/cm?) = Fracture load (N)/Cross section (cm®)

Fracture elongation (%) = [(Fracture elongation — Span length)/Span length] x100

[Table 1]
Example 1* | Comp. Ex. 1* | Comp. Ex. 2
Thickness (mm) 0.503 ¢.491 0.504
Fracture strength 4448.9 4753.5 3364.0
2

(N/cm”)
Fracture elongation 1.4 1.8 1.5
(%)

10
* In Table 1, Example 1 and Comparative Example 2
represent the average of 9 samplies, and Comparative
Exampie 1 represents the average of 5 samples.

15 These results confirm that the addition of a

mannan digestion product to a biodegradable resin hardly
affects the mechanical properties of the biodegradable

resin such as fracture strength and fracture elongation.

20 2. Evaluation of biodegradability

Flat plate films (10cm x 10cm x 0.2cm thick)
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were prepared in accordance with the processes described
in Example 1 and Comparative Example 1. Five sheets each
of these films were buried 1) in activated sludge and 2)
in soil. The biodegradability was evaluated from changes

5 in weight. Reduction in weight (weight loss %) indicates
the degree of biodegradation of the flat plate film.
Table 2 shows the results. In Table 2, Example 1
represents the average of 9 samples, and Comparative
Example 1 represents the average of 5 samples.

10 [Table 2]

1) Biodegradability in activated sludge (sewage treatment

plant)
Weight loss %
Example 1 Comparative Example 1
Start (0 hour) 0 0
1 month later 86.1 30.1
2 months later 91.6 63.2
3 months later 98.1 8.5

2) Bilodegradability in soil

[=3

Weight loss %

Example 1 Comparative Example 1
Start (0 hour) 0 0
1 month later 68.6 16.4
2 months later 88.4 40.9
3 months later 92.1 54.3
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These results confirm that the addition of a

mannan digestion product to a biodegradable resin

significantly'improves the biodegradability of the resin.

> 3. Evaluation of bacterial adsorption capability
Flat plate films (10cm % 10cm x 0.2cm thick)

were prepared in accordance with the processes described
in Example 1 and Comparative Example 1. Five sheets each
of these films were placed into'SOO ml flasks containing

10 160 ml of a bacteria culture medium (Escherichia coli,
bacteria count: 2 x 10° bacteria/ml} and shaken. Then,
the films were taken out and the bacterial count in the
medium was determined. The adsorption % was determined
from the reduction in bacterial count. Table 3 shows the

15 results. In Table 3, Example 1 represents the average of
9 samples, and Comparative Example 1 represents the

average of 5 samples.

[Table 3]
Bacterial adsorption %
Example 1 Comparative Example 1
Start (0 hour) 0 0
10 minutes later 27.8 0.2
30 minutes later 84.5 0.9
60 minutes later 90.9 4.3

20 The results confirm that the biodegradable resin
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composition of the invention containing a mannan digestion
product in addition to a bicdegradable resin has greatly

improved bacterial adsorption capability.

5 INDUSTRIAL APPLICABILITY

The biodegradable resin composition and moldings
thereof according to the present invention rapidly
decompose completely in nature such as in soilor in water
by the action of enzymes or bacteria without generating

10 toxic substances. Therefore, after use, the biodegradable
resin composition and moldings thereof can be disposed of,
as they are or after grinding, by underground burial or
underwater disposal.

Especially, the biodegradable resin composition

15 of the invention prepared using a polylactic acid polymer
as a bilodegradable resin is transparent and useful as a
biodegradable plastic (biodegradable product} with
excellent toughness, flexibility and impact resistance.
Therefore, this resin composition can suitably be used for

20  various purposes especially requiring strength, such as
beverage bottles, shampoo and conditioner bottles,
cosmetic bottles and like polyethylene terephthalate (PET)
bottles; civil engineering materials such as construction
molds and piles; fishery materials such as fishing nets

25 and fishing lines; agricultural materials for vegetation



i1 100RR& ()- v i!10900& ()- p#10% R& ()-H&I0% R& ()- 10'0'0 27 APR 2004
10' 0' oT6TUVU+Vi W3 A22/ 10' o' o! w/ 10% R&' () - y&" 10% R&' () - S! y&" 10%&' () - S"10%
R& ()-!y"109RR& ()-!10% & () - V2VeW W W WV~ @ 10' o' 0! Y 10% R&' () - p@0%

R& ()-&10% R& ()-= 10 R 10 R 10 R1!'10% R& ()-! 1! 109%& () - WAWRX=XkXXdE~_@

10' 0' 0! 10% R& ()-10% R& ()-010% R& ()-10% R& ()-10% R& () - C, 10%

R& () - XXYKY, Zj ZZdE~_@10' 0' 0!\ & 10% R& ()-$"10% R& ()-- 10% R& ()-!10%

—D 6=
and plastic greenhcuses: végetation materials; laminated
containers for spoons and forks; toothbrush and razor
handles; medical materials such as osteosynthesis
materials and suture materials; sports goods such as golf

> tees; writing supplies such as pencil cases and plastic
sheets laid under writing paper; clothing and industrial
textile products; sanitation and medical related materials
such as diapers, sanitary products, gauzes and patches.
By adjusting the proportion of the mannan

10 digestion product, the biodegradable resin composition of
the invention is further provided with bacterial
adsorption capability. For example, if using textile
products (clothing) made from such a biodegradable resin
composition, bacteria once adsorbed on the products are

15 difficult to desorb, whereby the dispersion of bacteria
can be prevented. Such products are useful, for example,
as antimicrobial barrier textile products effective for
the prevention of nosocomial infection.

By adding a mannén digestion product to a

20 biodegradable resin, the present invention can provide a
bicdegradable plastic‘{a biodegradable product) at a lower
cost than single use of the biodegradable resin, while
substantially maintaining the mechanical properties at the
level achieved by a biodegradable plastic (a biocdegradable

25 product) composed of the biodegradable resin alone.
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Clainms

1. A biodegradable resin composition comprising
a biodegradable resin (except for fine cellulose) and a

5 mannan digestion product.

2. The biodegradable resin composition
according to claim 1 wherein the biodegradable resin is an
aliphatic polyester.

10

3. The biodegradable resin composition
according to claim 1 wherein the biodegradable resin is at
least one member selected from the group consisting of
polyhydroxybutyrate, polylactic acid, polycaprolactone,

15 polybutylene succinate, polybutylene succinate/adipate,
polybutylene succinate carbonate, polyvinyl alcohol and

cellulose acetate.

4. The biodegradable resin composition
20 according to claim 1 wherein the biodegradable resin is a

polylactic acid polymer.

5. The biodegradable resin composition
according to claim 4 wherein the polylactic acid polymer

25 is a homopolymer or copolymer of lactic acid (polylactic
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acid), or at least one copolymer of lactic acid and at
least one member selected from the group consisting of
cyclic lactone, glycolic acid, a-hydrexybutyric acid, o-
hydroxyisobutyric acid, «-hydroxyvaleric acid,

5 hydroxypentanoic acid, hydroxycaproic acid,
hydroxyheptanoic acid, hydroxyoctanoic acid, ethylene
glycol, polyethylene glycol, 1,4-butanediol, succinic acid

and sebacic acid.

10 6. The biodegradable resin composition
according to claim 1 wherein the biodegradable resin is a

polylactic acid.

7. The bicdegradable resin composition
15 according to claim 1 wherein the biodegradable resin has a
number average molecular weight of 20,000 or more and a

melting point of 70°C or higher.

8. The biodegradable resin composition according
20  to claim 1 wherein the mannan digestion product is at
least one member selected from the group consisting of
mannooligosaccharides, galactomannan digestion products

and glucomannan digestion products.

25 9. The biodegradable resin composition
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according to claim 1 wherein the proportion of the mannan
digestion product is 1 to 40 wt.$% relative to 100 wt.% of

the bilodegradable resin,

10 _ 11. The biodegradable resin composition
according to claim 1 which further comprises a crystal

nucleating agent.

12. The biodegradable resin composition
15 according to claim 11 wherein the crystal nucleating agent
is at least one member selected from the group consisting
of talc, boron nitride, calcium carbonate, magnesium

carbonate and titanium oxide.

20 13. A biodegradable product produced by molding

the biocdegradable resin composition of claim 1.

l4. A product with antimicrobial barrier
properties produced from the biodegradable resin

25 composition of claim 1.
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