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Nb1t Processabl% Bho;.g{adabfe Conposi tions and Artlcles the
Ther ef rom Back@kbﬂnd of> t he | nvent Q) ,

tobt he devel opnent and use of envi h&f nhabtﬁﬂfrlendly
al | evi at e RRR~4f®wi ng environnental probllem of excedsiy
invention relates to the devel opment of conpositions that degrade rapi dly
by m croorgani sns. These conpositions can be used in a variety of consuner
di sposabl e products. F%xefuamm&en-§&Eﬁdﬁ!£ﬂdégfndxuudmefabricated into
films, fibers and nDIded parts_for fac r|n osable roduct s
such as di apers, an|P&Pﬁ’%&&ﬁ?ﬁs‘ngdgfg§°#38n¥Fﬂgn 5?8 andp
particul arly tanpon applicators.

Background of the Invention

This invention is related to the development and use

5 of environmentally friendly materials that can alleviate the
growing environmental problem of excessive trash. This
invention relates to the development of compositions that
degrade rapidly by microorganisms. These compositions can be
used in a variety of consumer disposable products. For

10 example, the materials can be fabricated into films, fibers and
molded parts for the manufacturing of disposable products such
as diapers, sanitary napkins, adult incontinence products, and
particularly tampon applicators.

Many natural polymers are known to degrade rapidly by

15 microorganisms but most of them are not useful in fabricating
articles because they lack the properties typical to plastic
materials. In addition, they are not melt processable. One
such material is natural starch. Being cheap and readily
available, starch has become the leading component in many

20 developments of biodegradable compositions. The challenge has
always been to convert this heat sensitive powder into a melt
processable composition that has good mechanical properties
while maintaining its high rate of biodegradation.

' Many natural and synthetic materials are also known
25 to undergo a rapid digestion by microorganisms. Their chemical

structures vary from hydrocarbons and carbohydrates to
molecules with ester or amide 1linkages. Encyclopedia of
Chemical Technology, Plastic, Environmentally Degradable, Supp.
Vol., 626-68 (Kirk-Othmer, 34 ed.). Most of these materials are
30 not useful in fabricating articles because they lack the
‘mechanical properties typical to plastic materials, in addition

to being difficult to process.
The use of starch as a low cost biodegradable filler
in certain polymeric systems is known. A fairly high
35 concentration of starch filler is required to achieve
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Many natural polyners are known to degrade rapidly by ni craorgani sms but
nost of them are not useful in fabricating articles becau :
properties typical to plastic materials. In addition, thej
processabl e. PRe488ch material is naturat &tarch. Bei ng cheap—=ar .
avai l abl e, starch has becone the_ |eadi ng conponent i.n many devel opnents of
bi odegr adabl RiRYEFEAFLFLAR: PletBRFIBAJelRRis HIQRPSBRdFaloproperties nfs

heat sensitiwge pevtpositions nRiterioredss abhersDPPOdithi Ghdrals iRdS H499¢n
mechani cal pr Oﬁgrt Les i Lta ma{iant ai ?tg& i t?%hi ghéé&%t e gf. gi odegr adat 1 on.
Many nat ur al €% eg‘jnt hER S & it e PrARK ERr oughs 4 N A3 "o R iR P BRF Gh regntent
di gesti on bymaterdalgawasnthe Tdhkscovery that sstarthr eanVvioe yméI®Mrocessed
hydr ocar bgns; an a t I S W r am [ es.
Encycl opegi atBf g)e:%eghpgg%g ecﬁﬁo‘%%éé?’ gl%%?f cﬂékfé%%}é%t a‘???/qge%jr %’%%
Supp. Vol ., ¥@6bé&8s( KiiLk3 ¥ htreand 34, 237 )180Mét'the VBRAecpabertsy) s are not
useful -in fabricatingpapt if@pRs éé@&’ri%&ktﬁgeu CI}ﬂT‘isct?Qch{ Oﬁoleffécfs
typical to plastic nmaterials, in addition to being difficult t0 process.
The use of sPai¥kekBYienenAev¥liipi agidi adEHAd BN @olvetduriesien (F5I \aeerd c

systems is kfig8Bgradablel il £brIpacMHPING aandN a@ficsitisdn huhbgl 1S
required to_ achieve . . )
10 These patents describe a process where the starch is first

gelatinized in the presence of water at elevated temperatures.
Under such conditions the highly hydrogen bonded natural
structure is destroyed and melt flow is attained. The
resulting mixture is then blended with EAA and PE. Large
15 amounts of water are used (20%-50%) and the final starch
content is as high as 60 wt. %, after the water is removed.

Tests have indicated that the biodegradation rate of
the materials prepared according to these patents displayed
unsatisfactory biodegradation properties. The injected molded

20 parts containing PE/EAA with 40 wt. § starch did not degrade at
all in the sewage system (0 to 5 % weight loss) after 30 days.
This time period was selected for testing because water
treatment facilities typically had sewage in residence for
about 30 days, but in modern facilities the in residence time

25 is less than a week. However, sanitary protection devices may

3 end up in septic tanks as well so to avoid accumulation and
clogging in the plumbing it is reasonable to require a maximum
30 days for degradation.

A starch based blown film is also described in an

30 article by Felix Otey. Ind. Eng. Chem. Res., 1987, 26, 1659-
1663.

U.S. Patent Number 3,949,145 describes a method to
prepare polyvinyl alcochol films filled with starch for
agricultural applications. This composition is highly water

35 sensitive, making the composition highly unsuitable for
disposable products such as diapers and sanitary napkins.
Also, polyvinyl alcohol-containing samples'degrade very slowly
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-2- biodegradation. At the same tine, the mechanical properties of the
conpositions deteriorate sharply with increasing starch caatent. The first
breakt hr ough _in E?klng hi gh starch content, material s was hﬁﬂﬁbag@ngyB

starch can B&STd processed in the preser?ce of water, heat, aﬂd?PDA@f§§U

S us P Iﬁgﬂﬁﬂ 3 U
Tﬁg USDA p:%lg‘ﬁ%r escr &bg%h%n%gécg?g %3‘?%% %Fg Ing?\t ?%%Qlﬁé’saé‘ﬁﬂlf‘g
aci d) (EAA) canpogelty@myfemuépsrdaecgommm&absew BNt ens\WwickaAg mgrand

agricul turalg g5bggbigm§y5dyggyns descri be a process where the starch is

first gelatlnlzed in the resenc water at el evated tenperatures. Under
such conditions the ék §@ﬁdbﬁﬁﬁ€8 (FARFM €% AT R A8PET 1bed digs Uk Sy ed

and nelis fpa@ent SNL&iBé!I' neds73,dbe. r eThelsienGapetlae aﬁetheaebkﬁaﬂe?u%th

EAA and PE. Lar ge, an%%pts of wat er %rgsusgd (%Q?&SOO and the flna

st arch starc presence o §°to 3 ter and heat. The
structure of the strongly hydrogen bonded starch is believed to

pe-destroyed under these conditions, creating a melt flow. The

SCiT

&

resulting material is stiff and extremely water sensitive,
10 which make the compositions a poor candidate for biodegradable
products such as disposable diapers and sanitary napkins.
Recent improvements in producing starch based
biodegradable articles have been reported. See U.S. Patent
Number 4,673,438; U.K. Patent Number 2,190,093; and European
15 Publications 282,451, 298,920, 304,401, 326,517, and 327,505.
U.S. Patent Numbef 5,095,054 discloses polymer blends
that can be transformed by heat and under pressure to form
products having dimensional stability. These compositions
comprise destructurized starch, and at least one substantially
20 water insoluble polymer; the composition may optionally contain
another water-insoluble polymer and a plasticizer. The starch
used in these compositions has a relatively high water content
that significantly modifies the starch's dimensional and
mechanical properties; although the destructurized starch is
25 thermoplastic,‘ it is not water resistant. This starch
) composition is an unsuitable substrate for manufacturing
disposable products such as tampon applicators, disposable
diapers, and sanitary napkins.
U.S. Patent Number 5,087,650 discloses biodegradable
30 plastic compositions comprising unmodified starch and
thermoplastic polymers. The starch too has a high water
content that causes the starch to become destructurized when
heated under pressure. This affects the starch's dimensional
and mechanical properties and makes the compositions unsuitable
35 for biodegradable thermoplastic compositions.
GB 2,190,093 describes starch compositions that
consist of at least 72 wt. % starch and, 6ptiona11y, a second

This Sheet Has Been Replaced

mmn




cdontent is as high as 60 wt. % after the water is renpved: Tests
have indicated that the bi odegradation rate of the natprifis] &5 ﬁé ﬁ%éﬂfwj
according to these patents displayed unsatisfactory bi degr X&8%
propertlesppahcsanjected nol ded parts cogtai ni ng PE/ EAA Wi th 40 w. %
starch did not degrade at all in the sewage system (0 to 5 % wei ght | 0ss)
after 30 dgysrophibitipelpeerod The preésehed 6ﬁrate%eaﬁg becwhsetwaater
treatnent faciJities. t call S,
but 1 1 mdw#sa%.ﬁﬁ%éiiﬂeW%S%%%éﬁ%ﬁs% RpicH 4aRee the eqipbs F0idakS
However , sawsmatgbbeofertconSdeechEOdnytsnd up In septic tanks as well so
to avoid accunul at'geaanspgwa wsn' n fﬁ@eﬂwﬂml thbil"(.%‘%%@i‘\abhﬁmbar

require a maxi mum 3 egradat 1 on. gfrch based blomm
filmissal 098282 Bed Fiﬁséﬁrc‘&lelsl clle LSRRG BYET I?l O¥ngCoRREAFIRGS . |

1987, 26, &Qé@rué@ﬁglzed starchUa®d Rai esthNewercSpOpnddS deestsbhava
met hod to prepare po

L n ed w . h r
agrlcuIturaFdaEﬁFPGaFﬁéﬁs¥°m?ﬁF§Q&8ﬂﬁo§FFP8ﬁed aﬁcakpﬁgaa%értégns prent
maki ng th?acﬁeapeﬁéthQEesbagylplodaguaﬁamuen properspesavequiredudios beuch

as diapers an I tar ol yvi nyl al cohol -contai ni ng sanpl es
degr ade veF9 g E;F % rycon Q§ p@%ﬁgctg

10 The use of poly(3-hydroxybutyrate) (PHB) and poly (3-
hydroxyvalerate) (PHV) copolymer blends are described in Dave.
et al., Polym. Mater. Sci., 1990, 62, 231-35. Degradation
studies of polycapralactone/PHBV compositions yielded

relatively low weight loss under lab enzymatic hydrolysis.

15 A molded - tampon applicator from poly(3-
hydroxybutyrate) and poly(3-hydroxyvalerate), a plasticizer,
and a nucleating agent is described in U.S. Patent Number
4,900,299, assigned to McNeil. Also disclosed is the optional
use of a biodegradable filler as hydroxyalkyl cellulose or

20 starch.

The use of starch filled polymers is the cheapest and
most convenient route for producing functional biodegradable
materials. But the starch content in such compositions must be
very high (>50 wt. %) to achieve a reasonable rate of

25 biodegradation. Further, starch powder typically contains 10%

} to 40% by weight moisture. This starch is generally charged
into an extruder where the combination of heat and pressure is
sufficient to destructurize and melt the starch. Because
starch becomes the major phase, the resulting materials are

30 brittle and require further modifications.

Typically, a fairly high concentration of starch
filler is required to achieve biodegradation. But conventional
polymers such as polyethylene, polyurethane, etc. have a
limited useful capacity for starch filler, that is, the

35 mechanical properties of the compositions deteriorate sharply

with increasing starch content. Further, microorganisms have

been shown to selectively digest the starch without degrading
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3- under sinul ated anaer obic sewage treatnent conditions making
conposi tions formul ated according to this patent unsuitable for disposable

products. I nj ection nol ded starch capsul es ar¢ TasGhLEE
Patent Numbedp&l. £sfg3. 438. These capsul es_gre made frompure jgial
presence of g@bto 30% wat er and heat . ThHe structure o i

hydrogen bonggd pd Bedyris mlifr,yed to be-destroyed under these conditions,
u

creating a melt flow. _The resulting material is stiff and extremely water

sensitive, which nakeTRBePEdRFosAkt 0fdsgloses ceriFain e COBPOBibions atiate
products sucdbritsa ih s pREhhR WlirARAES %'%Qn'i:’ﬁgit%}icﬁapkénsa water soturid
reported | nerert el ad'ha R Hev 1inideda80e LR coarunet eraicts 1hions:
and Eur opgarstauhdh dat iformeA8By46tpo2 Ofg far A4 ot tlka t336d5pFes SiEle 337 3.
U.S. Patent Mg)ee){cé ’oq.’gi'aqg%‘,dbiglc?xsg§egﬁlsyg§£ R{r&ggaen bonds between the
starch molecules and renders the materials thermoplastic but
soluble in cold water, and thus, unsuitable for consumer
products. For this reason, other water insoluble polymers have
10 been incorporated into such compositions, but this caused poor
biodegradation.

Despite advances, there still remained a
challenge to find a reasonable trade-off between water
resistance and high rate of degradation. The present invention

15 provides compositions that maintain a proper balance between
mechanical properties, high biodegradation rate,
processability, and low cost.

summary of the Invention

Tests indicate that compositions of the present

20 invention are thermoplastic, exhibit good mechanical
properties, and readily degrade in the presence of
microorganisms. The compositions of this invention can be
injection molded into thin walled parts which are capable of
appreciably .degrading in the sewage system in thirty days.

25 These products find utility in flushable disposable products.
This invention provides two classes of thermoplastic
biodegradable compositions. 1In one aspect of the invention,
compositions comprising a blend of a thermoplastic and ester
containing polymer, a plasticizer, and optionally an inert

30 filler are provided. These compositions comprise (a) 10 to 70
wt. % of one or more thermoplastic polymers or copolymers
comprising one or more repeating units of the general formula:

R 0

35 {-O-CH-CH,~C~],
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that can be transforned by heat and under pressure to form products having
di mensi onal stability. These conpositions conprise destructurized starch,
and at |east one substantially water insoluble polyner; the ¢ ion may
optlonallyggguughn anot her mater-lnsolubke _polymer and a pl agt FeSAMEET I

&
starch used in these conpositions has a relatively high water ont%ﬁﬂAthgt
Ope€r ,

significantly nodifies the starch's di si onal and nechani cal pr

al t hough the destructurized starch is thernoplastic, it is not water
resi stant. This starch conposition is an unsuitable substrate for
nanufacturmngnmxnxmahheqndxhzndemnmm asxyawmawummﬂtﬁﬁﬁoagouglqpqggbbe
di apers, a%grgﬁﬂ{ qéénapklns U.S. Patent Nunber 5,087, 65

di scl oses egradabl'€ plastic conpositions conpri si ng unnDdlfled
starch and thernopl astic pol yners. The starch too has a high water

content that causes i he h- £ 0,,bec d en heated under
pressure. This affecﬁts trs%agga:rs%:hwg d?ﬁrﬁﬁ%rj&é {-S ﬁwgefalcoﬁﬁ:é‘ﬁé‘rlf‘ges

and nakes PﬁéY@Gﬁﬁomﬁhﬂnﬂﬁﬁnﬁﬁu@@ﬁ#EP¢bvmetﬁdbgvaUabhembhecnﬁphaybught

Conposi ti Oggeater tharD abdutd0.1893o0deany Peg1etlalCh MPQgg! | t hat
consi st ofaat least 72 wt. %starch and, optlonaF y,ﬁa §§%% e 8@%up
consisting of:

i. polymers with ester 1linkages in the
backbone, the polymers comprising one or more monomeric units

10 of the formula:
|

0 0

I

[-0-C-R;~C-0-R,],

(1I)

15 wherein R, may be alkane or alkene having about 2 to 12 carbon
atoms; and R, is alkane, alkene, or aryl having up to about 12
carbon atoms; and

ii. polymers with pendant ester groups, the
polymers comprising one or more monomeric units selected from

20 the group consisting of the units:

)
s [-cnz-?a-cnz-cn-], [-CH,-C-],
X o} COOR;
| and
C=0
I
30 CH,
(I1II) | (IV)
wherein X is independently H, Cl, alkyl having about 1 to 3
carbon atoms, aryl, an acetate or hydroxyl moiety; R, is H or
This Sheet Has Been Replaced
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hydrophilic polymer. The presence of at least 10 wt. % water is also
essential in that process which nakes the conpositions ugsyta
consuner products. PCT Application, Internation @%Bﬂ#ﬁ%ﬁAbBL
Nunber WOlyg0@m discloses a starch- Rolyner all oy conpH REPLACED

destructurized starch and an ethyl ene copolyner. Tests have indicate

gorrgosi t ijorﬂwlepmadagammiam@mtg 1t Rics awmtzbllcaefed hBem8gC Ry S@AY éélk vl
| odegr adat,i on s required to he suitable consumer ~ product’s.
The use of IO )S}f%%%e# %Pﬁlﬁ&reﬁe) ('ﬁ—f% P ’§{ hydr oxyval er at e)
(PHV) copolynmer blends ar@ thesdradieda rwﬁja\%eofeonalor; e/ rpladtiidized ;.
1990, 62, %ﬁﬁi35 Degradati on studies of pol ycapr al act one/ PHBV

conpositions yiel ded relatively | ow wei ght | oss under |ab enzymatic
hydr ol ysBs. dA  Gotelcaabovtinddnwt. Hppfiamtinert fibher. pol y(3-

hydroxybutyrate) andrpolafodnaydr Q¥puakerds eknid PLAMACIERT a class of
starch-based biodegradable conmpositions are provided. These
compositions comprise .
a. about 15 to 50 wt. % of a starch-polymer alloy,
10 the starch-polymer alloy comprising:

i. about 50 to 80 wt. % destructurized starch
and about 20 to 50 wt. % of a hydrophobic copolymer selected
from the group consisting of ethylene-vinyl acetate having a
vinyl acetate molar content of from about 5 to 90 %, modified

15 ethylene vinyl-acetate having from about 5 to 90 % of
hydrolyzed acetate groups, ethylene-glycidil acrylate,
ethylene-methyl methacrylate, ethylene-maleic anhydride, and
mixtures thereof;

T}

ii. a plasticizer having a boiling point greater

20 than 150°C selected from the group consisting of glycerine;

polyethylene glycol; ethylene glycol; propylene glycol;

sorbitol; mannitol; the acetate, ethoxylated and propoxylated

derivatives of glycerine, polyethylene glycol, ethylene glycol,
propylene glycol, sorbitol, mannitol; and mixtures thereof;

25 iii. 0 up to about 20 wt. % urea with respect to

the weight of the destructurized starch component in (i); and

b. about 30 to 55 wt. % of—unmodified starch; and

c. a water soluble plasticizer containing hydroxyl

groups and having a molecular weight of less than about 1000.

30 This invention further relates to articles prepared

from the biodegradable compositions disclosed herein, in

particular, disposable tampon applicators.

Brief Description of t Drawings

Figure 1 is a graphical representation illustrating that
modifying the pre-made starch-polymer alloy (AIO6H resin) with
20 wt. % glycerin and 40 wt. % starch resulted in a higher

35
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and a nucl eating agent is described in U S. Patent Nunber 00, 299,
assigned to McNeil. Also disclosed is the optional use of |&Hs § 6
filler as hydroxyal kyl cellulose or starch. The upe of R@bg&&ég_b BEEN ’
filled pol pre~458s the cheapest and nost gcenveni ent route for produerHg—
functional biodegradable materials. But the starch content in such

conposi ti ondscostitye wiheréaghwirho 4a . wt) ®o CatPe\ve sigeifbemit clbaee of

bi odegr ada s - povvder typically contains 10%to 40% by

wei ght noi g'ltlﬁr@e l%i"ltt§1""3asta§'lﬂr1 |sdgenerally charged into an extruder where

t he conbi nati on of heat and pressure is sufficient to destructurize and

melt the sig3itkhe 2Because %Eﬂbﬁ'icﬁ@coﬁgﬁrl-:?@n&&t%np"ti’éfonéﬁl%éﬁx%“' 3Y

materials aré€ brittle and réquire furt fications

Typi cal | y, Sémfpd-ﬂFIl)FYhP§hvé8ﬁ€§h‘ﬁl’a‘€?%ﬁr6¥ RY araxy ¥79 (e B&arehurneé CaePs
achi eve bi gdedemdat i on. But conventional polynmers such as pol yet hyl ene,

pol yurethane, etc. have a limted useful capacity for starch filler, that
is, the mechanical properties of the conpositions deteriorate sharply with

i ncreasing n&ttarigf_adcmﬁwmgﬂw_gt lofr thed @nvertaidrsns have been shown to

selectively digest t'ﬁ\e ot 7 Q/ 1torr]'|out rggg eg' "Q1asses of thermoplasi:ic

biodegradable compositions. One class of conpositions
comprises a blend of a thermoplastic and ester containing
10 polymers, a plasticizer, and optionally an inert filler.
The thermoplastic polymer compocnent in these
compositions contains the monomeric unit represented by the

\
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-5- the polyneric matri x. The prior art discloses certain
conpositions that contain destructurized starch, which is a water

sol ubl e mat'erial and has a very limted use in consurc_products. This
starch is fppe+ad8by exposing starch to-h@at- and pres UH@SBWEEhﬁA@Qﬁ%gn:e of
wat er, whi ch breaks the hydrogen bonds between the st{arch rmdiaeghes an
renders thgombwing gerneraipFoastula ut soluble in cold wWa ; S,
unsui tabl e for consuner products. For this reason, other water insoluble
pol ymers have been incorporated intogsuch CEnpositions, but this caused

poor bi odegradati on. Degpite dvances, there stil
remained a challenge to find a %egﬁzﬁggbg

_hlLade-of f between water
resi stance and high rate of degradation. The gTesent I nvention provides

conpositions that maintain a proper bal ance between
5 (I)

(@

wherein R is independently alkyl having from about 1 to 9
carbon atoms (i.e., homologous hydrocarbon series from methyl
to nonyl). In broader terms, all biodegradable poly(3-
hydroxyalkanoates ) are suitable polymers for this invention.

10 The thermoplastic polymers cof Formula I may include copolymers
where R differs in the repeating monomeric units. This family
of polymers has been described. Gross, et al., Macromolecules,
1989, 22, 1106; Brandl,, et al., Applied and Environmental
Microbiology, 1988, 58, 1977, the disclosures of which are

15 incorporated herein by reference in their entirety. These
polymers are generally produced by microorganisms and several
variants have been synthesized in laboratories. Bloembergen,
et al., Macromolecules, 1987, 20, 3089-91; Shelton, et al.,
Polymer Letters, 1971, 9, 173-78. the disclosures of which are

20 incorporated herein by reference in their entirety. These
polymers may be synthesized according to methods known to those
skilled in the art. The aforementioned publications describe
exemplary synthetic techniques.

In accordance with a preferred embodiment, the polymer

25 (I) possesses a methyl or ethyl sidechain, R, (i.e., poly(3-
hydroxybutyrate) (PHB) and poly(3-hydroxyvalerate) (PHV),
respectively). In a more preferred embodiment, a copolymer of
PHB and PHV will be used (PHBV), wherein the valerate content
is between about 5 to 25%.

30 ~ Thermoplastic polymer (I) is present in the
compositions in an amount of about 10 to 70 wt. %. Preferably,
the thermoplastic polymer content will be about 20 to 50 wt. %.

Thermoplastic polymers such as PHBV are stiff and
brittle and are difficult to process due to their low rate of

35 crystallization. Blending PHBV with certain ester containing
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mechani cal properties, hi gh bi odegr adati on rate, processability,

and | ow cost. Summary of the Invention Test §~- .
conp05|t|ons of the present invention are t her nopl a tlc,gggfhﬂb$BEEN ood
mechani cal B FoﬁéPtles and readily dUegPalle in thé—p+ Doj__T
n1croorgan|s e sitions of .thi vent tion ded
into thin \Rﬁ %a??gg\%%fngﬁ gp‘?@aﬁﬁﬁ?’éaﬁgsa%% cl a%%lﬁ'é éé’d’] 47 Pﬁe
sewage sys@&wnng t andt yusiefel Taterjmlsiudchat! | deguadei t yapbdlyusitabltae
disposablepgrgg WekS of 1croof9ydi§hﬁye”t'0” provi des two cl asses of

t her nopl asti ¢ bi odegra ab e conpositions. |n one asgect of the invention,
conmposi tions conpri %1?9%#&F%ﬁ"%.PﬂbYﬂ6§$a§PiEaH 8 Eerednedmsioni dg

pol ymer, ca ¢pleastivdtz et1a38d o0t e OGS Yt Bénd neft tfhlel |§Evé‘rﬁ€1@x’i meqd have
These conp03|t|o 10 to 70 wt

t her nopl astelsc?eﬁoﬁgrf?%?ggrﬁlr igoé)b% yt?ﬁﬁ)%b‘b’l:ﬁ‘rﬁlr §Pﬁ§abﬂep%?d%Fee§%%‘éﬁr°h’é’%m ts

of the genaha¥sef @olymers shpeald] have a molecular weight greater than
about 10,000.
Polymers containing ester linkages in the backbone

10 contain one or more monomeric units of the following general
Formula II:
0 0

|

[-0-C-R,~-C-0-R,],

15 (1I)

wherein R, may be alkane or alkene having about 2 to 12 carbon
atoms; and R, is alkane, alkene, or aryl having up to about 12
carbon atoms.
In a preferred embodiment, the polymers containing
20 ester linkages in the backbone (II) may be polycapralactone,
ethylene glycol adipate, propylene glycol sebacate, ethylene
glycol adipate, propylene, glycol sebacate, ethylene glycol
phthalate. In a more preferred embodiment, the polymer (II) is
polycapralactone. Other suitable polymers and copolymers of
25 Formula II will be apparent to those skilled in the art and may
be used without detracting from the spirit of the invention.
Polymers comprising pendant ester groups have one or
more monomeric units represented by the following general
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(1) wherein R is independently al kyl having fromabout 1 to 9 carbon
aLonB; b. 5to 35 w. %of one or nore ester cont
the one or nore, pol yners having a nol ecul. ar wei ght greater
10, 000 and BR¥et1®d from the group consi &tifig of :

with ester_ li i 0, the, backbone, the pol yiefsSs SHRBF HaB BEEN
nor e mnonﬁ??ﬁtﬁ?ﬁ {ir’]% ot mul a: RLH%:ACEH@ ]
R;
5 [ -cxz-cu-cn,-cia— le [~CH,-C-],
- |
X 0 COOR;
| and
=0
10 |
- CH,
(II1) (IV)

wherein X is independently H, Cl, alkyl having from about 1 to
3 carbon atoms, aryl, an acetate or hydroxyl group; R, is H or

15 alkyl having from about 1 to about 2 carbon atoms; Ry is alkyl
having from about 1 to 4 carbon atoms.

In certain preferred embodiments, the polymers with
pendant ester groups may be polyvinyl acetate, ethylene vinyl
acetate copolymers, vinyl chloride-vinyl acetate copolymers,

20 described in Formula III; or methacrylate copolymers, described
in Formula IV. Other suitable polymers of Formulas (III) and
(IV) will be apparent to those skilled in the art and may be
used without detracting from the spirit of the invention.

The ester-containing polymers (II), (III), and/or (IV)

25 are present in the composition in an amount of about 5 to 35
wt. ¥. In a preferred embodiment, the ester-containing polymer
content will be about 10 to 25 wt. %.

Generally, the ester-containing polymers used in
practicing this invention are commercially available or may be

30 synthesized according to conventional methods known to those
skilled in the art.

The first class of compositions of the invention may
also contain up to about 30 wt. % of a plasticizer, preferably
about 5 to 20 wt. %. Suitable plasticizers include liquid

35 esters of dibasic aliphatic acids having a molecular weight of
less than about 4000 and having between 2 to 12 carbon atoms,
or polyesters represented by Formula II above, and are
predominantly liquids or wax-like materials with molecular

\\
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[brr] wherein R err] nmay be al kane or al kene having about 2 to 12
carbon atons; and R2 is al kane, al kene, or aryl having up to ab

carbon atons; and ii. polymers with pend slgﬁTgﬂﬁMW§\ he
pol yners COBBCrSSGQ one or more nononer ¢aum ts sel ect &8 fm@mLAﬂ@{g,nu
consisting of the units: [err] o

weights of less than 2000, or the acetate esters of glycerine.
In a preferred embodiment, the plasticizer is selected

from the group including triacetate ester (triacetin),
poly (propane sebacate), poly (hexamethylene succinate),

5 poly(hexamethylene fumarate), poly(dodecane sebacate), and
poly (tetramethylene azelate). In a more preferred embodiment,
the plasticizer is triacetate ester (triacetin). Other
suitable plasticizers will be apparent to those skilled in the
art and may be used without detracting from the spirit of the

10 invention. Generally, the plasticizers are commercially
available or may be synthesized according to conventional
methods known to those skilled in the art.

To accelerate degradation and reduce the cost of the
compositions, fillers (up to 50 wt. %, preferably about 20 to

15 40 wt. % of the composition) may be added to the first class of
compositions to control the compositions' melt viscosity.
starch and calcium carbonate are particularly useful and are
preferred, with starch being the preferred filler. Preferably,
the starch will have a water content of less than 2%,

20 preferably no more than about 0.1%. It is also preferred that
the starch have a particle size of less than about 15 microns,
and preferably less than about 5 microns.

Starches suitable for fillers include, but are not
limited to, natural or vegetable starches such as those

25 extracted from corn, maize, potatoes, rye, oats, or wheat.

This invention relates to a second class of degradable
thermoplastic compositions comprising a premade starch-
hydrophecbic polymer alloy, blended with unmodified starch and
a liquid plasticizer.

30 The starch-polymer alloy comprises about 50 to 80 wt.
% destructurized starch and 20 to 50.wt. % of a water insoluble
polymer. In the context of this invention, "destructurized
starch" has its conventional meaning, i.e., starch that has
been formed by thermoplastic melt formation in the presence of

35 water; this process disrupts the starch's hydroqen bonds, and,
thus, the starch's crystalline structure. The water insoluble
Polymer is selected from the group consistihg of ethylene-vinyl
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wherein X is independently H d, alkyl having about 1 to 3 carbon atons,
aryl, an acetate or hydroxyl noiety; Rerr] is Hor
-7- alkyl having fromabout 1 to about 2 carbon atons;

- B 1, Lng
from abouPP¢-8884 carbon atons; and - 13 = c. 0 to abpu ﬁﬁ?ﬁ@%amao e
or nore plasticizers; and | d. 0O to about 50 wt. L t
filler. acetate having a vinyl acetate molar content of from about 5 to

90 %, medified ethylene vinyl-acetate having from about 5 to 90
$ of hydrolyzed acetate groups, ethylene-glycidil acrylate,
ethylene-methyl methacrylate, ethylene-maleic anhydride, and

5 mixtures thereof. In certain preferred embodiments, the
polymer will be ethylene-vinyl acetate, preferably with a vinyl
acetate content of about 12 to 80%.

The starch-polymer alloy further comprises a

plasticizer selected from the group consisting of glycerine;

10 polyethylene glycol; ethylene glycol; propylene glycol;
sorbitol; mannitol; the acetate, ethoxylated and propoxylated
derivatives of glycerine, polyethylene glycol, ethylene glycol,
propylene glycol, sorbitol, mannitol; and mixtures thereof. 1In
certain preferred embodiments, the plasticizer will be

15 glycerine. Generally, the plasticizer comprises between about
20 to 60 wt. % of the destructurized starch component present
in the alloy.

The alloy further comprises 0 up to about 20 wt. §%
urea with respect to the weight of the destructurized starch

20 component; that is, if the composition contains 60 grams of
destructurized starch the composition will contain 12 grams of
urea.

The content of the above-described premade starch-
polymer alloy in the biodegradable composition is about 15 to

25 50 wt. %, preferably about 15 to 30 wt. %.

This starch-polymer alloy 'is further blended with
unmodified starch having a low water content. 1In the context
of this invention, "unmodified starch" means starch that has
not been melt processed, and, thus, its crystalline structure

30 has not been disrupted. In certain preferred embodiments, the
starch content has no more than about 2 wt. % water. In a more
preferred embodiment, the starch has no more than about 0.1 wt.
% water. In a preferred embodiment, the particle size of the
starch will be less than about 15 microns, preferably about 5

35 to 10 microns, and more preferably less than about 5 microns.

‘ The unmodified starch content of the biodegradable
composition is about 30 to 55 wt. %, preferébly about 40 to 50

This Sheet Has Been Replaced

AR




I'n anot her aspect of this invention, a class of starch-based bi odegradabl e

conpositions are provided. These conpositions conprise] THIS SHEET Aas pERCY!
15 to 50 wt. % of a starch-polyner alloy, the starch-po|yner rgbl Q¥ -
conpri si ngPPC-458 i . about 50 t3 80 wt. % destrucruri

and about 20 tp 50, wt. % of a hydr qbi c .copol e fr tphe group
consi sti ng¥bf gt hyt e ife RA rrfc%te&&g&t%% E’W%@%a}c%'?g%gqn%fjggeﬂgn? nt
of from abené bibdegfadabilediddmbsditipnend \d.nylthe cdastruatunyzéd opladout
5to 90 % hydr ol u ylsgne-gl ygi ¢id, s@cr e,
et hyl ene- r’rg{’ﬁy?(“q‘r]r@tdﬁg?’%ﬁ Z%gégé{?%yrg%g- % eia%&étﬁh;? ride, ang}tlm x?'urxéééé

t hereof; preferably abput 40prkasébcWter ¥3havi ng a boiling point greater

than 150ferr] C sel eqledyfypat Be GhQUR-SIPISESEidw 8F dheceinpntion the
pol yet hyl ene gl ycol ; ethyl ene glycol; propylene glycpl; sorbitol; papnpitol;
the acet at etaschopplimel 23d oW dfodNr3her RYSRART VeLtragygter; saluble
pol yet hyl quagltxgqlzeretaaheglgnghgcq{ydrm@nyl ggeugkycol ,Tis bpllakrigaaert ol ;
and m xtures thereof; Ny ngtoa ut Zﬁ%wtt KB éea i.th
respect toshRdliehdve & PALGRLAT (ReLIRYe8Esd8 & otent =i eej ); and
b. about c3@tadnSprefertedf entvodihdnts], the phastidizer may be glygewdner
sol ubl e pl ast.i ci. zer. I_ni X angd i Bleqylab .
wei ght I Es}g‘ettﬁg&pgggrageiogg?mfgéP’ )ergﬂ-rn SR:I%Y%\/GHF%.%&GI’ rgl tes to
articles plmpar exbre preferred embodiment, the plasticizer is glycerin.
other suitable plasticizers will be apparent to those skilled
in the art, and the use of other plasticizers will not depart
from the spirit of the invention. The amount of the
15 plasticizer utilized is an amount effective to render the
composition thermoplastic and to reduce the composition's
sensitivity to water. Generally, the plasticizer is present in
an amount about 15 to 30 wt. % of the composition, preferably
20 to 30 wt. %.

20 In addition to unmodified starch other inert
additives, such as calcium carbonate (CaCO,) can be
incorporated into the formulation. In certain preferred

embodiments, the amount of additional inert filler is about 2
to 20 wt. %, more preferably about 5 to 10 wt. %.

25 The following table summarizes the preferred
utilization ranges:

e —————————
e e
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from the bi odegr adabl e conpositions disclosed herein, in particular,

di sposabl e tampon applicators. Brief Description of t he, |
i's a graphical representatlon illustrating that nodifying ﬂW€5§Q§ﬂN®ﬁ%BEEN
starch- poPP@e4S8 | oy (AIO6H resin) withe®0~wt. % gl ycerinkand KEPWMCEDs

S

starch resulted in a higher - 8-

viscosity, whereas with 40 wt.
was achi eyt

10

15

20

25

30

% CaCHaRA&da significant |ower viscosity

MATERIAL RANGE, WEIGHT % PREFERRED RANGE, % |
Total pre-made . |
alloy 15~50 15-30
Unmodified starch 30-55 40-50
Rlasticizer 15-30 20-30
caco, 2-20 5-10

Calculated Values:

Modified starch 9-30 9-18

Hydrophobic water
insoluble 6-20 6-12
compatible polymer

Total Starch 55=-70 60-65

The thermoplastic compositions of this invention are
useful for producing injection-molded, thin-walled articles
which have the advantage of being biodegradable. Thus, the
compositions are particularly useful for preparing flushable,
disposable products such as tampon applicators. Shaped
articles such as films, fibers, and molded parts can be made
from the claimed compositions not only by injection molding
processes but also by melt-processes such as melt-extrusion,

———

and compression molding.

EXAMPLES
EXAMPLE 1

a. Preparation

PHBV (15% hydroxyvalerate), obtained from ICI, England
and the ester containing polymers were melted and blended with
plasticizer and fillers using a Brabender Plasti-Corder mixer.
The ester-containing polymers, plasticizer, and amounts of the
components are set forth in Table 2. The mixing was carried
out at 160°C and 50 rpm. The uniform blends were removed from
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Figure 2 is a graphical representation denonstrating thels
viscosity control by varying the starch and CaCo[err] co
Descriptio gf ;Qe | nventi on This i nvention provides classes 0
thernnplas?? Blodegradable conpositrbﬁé © One class of conpositions
conpri ses I o] I I nd C [ I

pl asti ci ze?hg B89 l tgngngpggg%% ﬁ'?]’ert lfau el% i R Fgl&%hg%pl%ai C
pol yner cbﬁ%ﬁﬁbn§°r|ﬁhaFﬂ§§érééﬁ§®9htﬂodstG@?%¥h§th%“nﬁﬁ%ﬁbﬁgc uni t

represented by the -9- follow ng
eneral Fornul a,l;
g Yelial

G-30 - Paraplex G-30, a low molecular weight liquigd aliphatic
5 polyester (C.P. Hall).
PEG - 4000 molecular weight polyethylene glycol (Carbowax 3600
Union Carbide.
Triacetin (triacetate ester of glycerol) - technical grade
(Celanese) .
10 EVA - Ethylene-vinylacetate copolymer, 28 % acetate (UE-634,
UsI).
PCL - Polycapralactone (Tone 700 Union Carbide).
PHBV - Polyhydroxybutyrate-polyhydroxyvalerate copolymer (ICI).
Starch - 5 to 10 microns powder (ADM).
15 CaCoO; - Calcium carbonate.

b. Mechanical and Dimensional Properties
The compositions prepared and studied are described
in Table 2 along with test results.
In the context of this invention " tensile strength,"
20 means the maximum stress a material subjected to a stretching
load can withstand without breaking. The term "elongation®
refers to the fractional increasing a material's length due to
stress in tension; also referred to as elasticity. The tensile
strength/elongation of the compositions was determined using
25 an Instron at 10 inch/minute with crosshead speed and a 1 inch
gap. "Flex modulous" describes the polymer's stiffness. It was
measured using an Instron at 2 inch/minute. The term "melt
index," as used in the context of this invention, means the
number of grams of thermoplastic resin that can be forced
30 through a specified opening under a certain pressure; this is
a very important property for thermoplastic compositions. The
melt index was determined at 5000 psi and at 160°C.
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series fromne
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t her nopl astic pol yner
in the repeating nononerl
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..o ag
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to nonyl).

(1)

having fromabout 1 to 9 carbon atons (i.

I n broader terns

noates ) are suitabl €7p07 ymers for this-invention.
I

al

V\,herei n Ris
, honol

g'llS SHEER Has BEBN
'ndprﬁrl HABER

The

] Vwere R differs

mas been

described. Goss, et al. , thronnledﬂﬁhkg_1989 22, 1106 Brandl,, et al.,
Applied an ; eHG-C e S Sy
whi ch are rsear-porat‘@d--'herel nEhby svef e'fhence | 1] Meheir ﬁmsimiettty Coripe@idn
pol ymers age generd| xyNﬁYod ed by ¥or gani' an §ﬁveral ¢¥&ant s havd
H . 8 1 '\7&“ A a PHBYV
been synt hgsi zed in I"aboratofies. Bljo nberger, et” al .4, cronplhe es:
N QO 4 <4 3 4 4 Fa¥ p_lL_efL )
1987, 20, =9t —Shettom—t—at——Potymer—fetters, 1197+ —911+3=—r—the
di scl osurep of whigh are incorporated hereinlby referjence in 1@e§t.m‘
entirety. [[fhese- z
1 814 41 118 e 46/23/10/20
5 |2 504 48 98 7 79.5 38/17/15/30
3 674 7 134 1 85.3 27/13/20/40
4 439 172 122 9 . 43/22/15/20
s 342 23 138 5 83 30/15/15/40
8 654 " 83 13 71.8 40/20/20/20
10 I 7 504 47 165 4.2 100 50/0/25/28
8 581 18 222 2.8 100 45/0/20/38
9 1570 15 3N 39 100 70/30/0/0
10 849 114 131 12 51.7 35/35/10/20
11 325 70 110 13 69 27.5/27.5/5/15/30
15 {12 400 15 8% 20 78.8 20/20/20/40
14 347 20 108 11 741 22.5/22.5/15/40
15 452 7 102 28 €9.3 30/30/20/20
16 597 57 107 22 72.2 25/25/20/30
17 514 38 133 8 84.2 30/30/10/30
20 |} 18 1087 9 185 7 7.5 25/25/10/40
19 1154 118 150 21 24.9 23/47/10/20
,L” 933 23 99 25 46.1 17/38/15/30
21 341 19 87 30 68.6 13727120140
22 1086 126 99 28 36.1 22/43/15/20
25 Y} 23 815 1" 134 18 65.6 15/30/15/40
24 881 85 128 42 45.9 20/40/20/20
25 583 32 98 37 60 18/34/20/30
28 755 41 127 18 44 20/40/10/30
27 895 18 11 13 59.4 18/34/10/40
B=EVA
C=TRIACETIN
30 |l 28 512 49 84 5 75 46/23/10/20
29 388 78 88 4.8 100 38/17/15/30
30 304 12 51 10 87 27/13/20/40
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pélyners may be synthesized according to nethods known tpe-those skilled in
the art. The aforenentioned publications describe exenplam$iiSsymeretAscrry |
techni ques.ppc-458 | n accordance w t h-a.gref erred errbod nt RFPLhE,L]mOI yne

(1) possesses a nethﬁl or ethyl si dechain, R, (| ol -
hydr oxybut §Fat €) ( PHE . ﬁﬁﬁTﬁ?ﬁﬁ /
respecti velfyI" &Pte eHi ment ng copo ?“ fPp fier PHV
. J
will be uséd (PHBV) pMA t he val ¢rgs e cont eddbci S pabmﬁen abguﬁm5 to
25% | bol yner |(1) is {present|{ in the|ceosmesitiong
in an anou of abo 5 10 to Q.. 4 Prefera t he t@ernnplag rymer
O ¥4t 70, Y 12, ; 28 . 1d
content wi [ 23 +-o~—HE—mt—5% %%crnap astte—poly 1fﬁgB€acn
as PHBV arg ®tiff anélsabrl ttl¢2dhd aredirfficultsto proéess due nmmmw | ol
rate of cryshallizafion. Blepding PHBV with cprtain egstgr contBif)iR6u0
8 = TONE 700
C=G-30
44 1077 83 218 7 58.8 46/23/10/20
5 f 45 926 13 182 8 85(70) 38/17/15/30
48 596 8 156 16 67.8 27/13/20/40
47 738 7 138 7 73.4 30/15/15/40
48 1022 38 150 15 63.9 40/20/20/20
B=EVA
C =PEG
a9 506 18 95.6 3.4 75 48/23/10/20
10 | so 682 2.7 153 4.2 100 38/17/15/30
B=EVA
C = Triacetin
D =CaCo,
51 1096 111.4 12.4 100 50/10120/20
52 837 86.7 8 100 40/10/25/28
53 882 745 ) 85 40/20/20/20

As can be seen in Table 2, a fairly wide range of
15 mechanical and processing properties can be obtained from the
ranges discussed in the preferred embodiments.
The type and concentration of the plasticizer (C) has
a great impact on the melt flow index of the blend (i.e.,
processability) and on the flexibility and degradation rate.
20 See Table 2.
In certain preferred embodiments, the ratio of the
PHBV to the ester containing polymer (i.e., PCL, EVA) may range
from 2:1 to 1:2. The rate of degradation is dependent on this
ratio and the PHBV rich compositions degrade faster. For rapid
25 degradation, the ester containing polymer should preferably not
be present in levels greater than about 20 wt. % where the PHBV
content is less than about 50 wt. $. For example, compare the
percent weight loss of samples 2, 3, 5, and 6 with samples 19,
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-iO- pol ymers overcones these drawbacks permitting theg:}ﬁﬁﬁ%@ﬁ§?&ﬁ}ﬁﬂw g
and usef ul ggg%rials that degrade rapidly in the pr enceRBfLACED ‘
ntcroorgamP§' . Ester contai it n&f pbl yners suitabl e for 1 nErusrom-in
the first class of,,conqposi_t.i.,0 of the inventio | Jhave ester |inkages
in the ba@§b022’024doggéiﬁESeggaﬁf E?P@Ftﬁﬁoﬁﬂsgaghgsg'polyners shoul d have
a nol ecul ar wei ght @y ditcdtegriadia tdoauttesds000. Pol yners cont ai ni ng

o nokages 10 Wi BACURRNSEANA b "end” BRpEs TRIGHET hestPtb8a®tp! I°

foll owi ng general Formula 1~ ) .
wherei n Rlabde nidy W@sSy| kg5&edr AhkemdmMiated awaker2 ftesgmentboplansdns;

and R2 s @nhkdtdondl.KenTheOrlsaipledavend UdxpdsédOtb lunicipal sludge
microflora Kkept at 35°C. These conditions provide a
representative anaerobic environment for the degradation of
flushed disposable materials. The degradation was followed by
monitoring gas evolution and weight loss for thirty days.

10 EXAMPLE 2
a. Preparation
Materials
AIO6H - Mater Bi® molding grade, a starch-polymer alloy
(Novamont) .
15 Starch - Clinton 400 corn starch, 1 wt. % moisture (ADM,
Decture IL).
CaCO, - Calcium Carbonate - Supermite, 1 micron particle size,
untreated (ECC International, Syalacauga, Alabama).
Glycerin - 99% pure.
20 PEG - Carbowax, 600 MW (Union Carbide).
Atmer 129 - glycerol monostearate mold release agent (ICI).
Injection molding grade Mater-Bi® (AIO6H) was obtained
from Novamont in 50kg sealed bags. The pellets were
mechanically mixed with the modifying powders (starch, calcium
25 carbonate) and 1liquids (polyethylene glycol, Carbowax,
glycerin) and fed into a twin screw Brabender mixer. The
barrel temperature was kept at 160°C to avoid thermal
degradation of starch. Screw speed was 50 RPM and the total
throughput reached 15-20 1b/hr. The strands were air cooled on
30 a conveyor prior to entering the pelletizer. The melt rheology
of each composition was determined at various shear rates using
a capillary rheometer from Keyaness (Honey Brook PA, model
Galaxy IV #0052). Films were made by compression molding the
pellets into 10-20 mil thick films (5000 psi, 160°C in a
35 Pasadena Press) for characterization and biodegradation
testing. Selected compositions were injéction molded into a
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car bon atons. In a preferred enbodi nent, the pol yners containi ng
ester linkages in the backbone (I1) may be pol ycapral act one, ethyl ene

gl.ycol adi;gﬁfas¥ropylene gl ycol sebacate, ethylene glycol adipate,
propyl ene ycol sebacate, ethylene gl§80r pht hal ate. In a nore preferred

and copol yrebn PRBIEEREst g fd 4! SRBAT BF, °BF mashiRe Fitkhee) £ iedr:
and may bebarxel vextoudedetracting fromthe spirit of the invention.

Pol ymer s conprrsrngbpeQQQQL egaggig§o§p§tpave one or noré nononeric units
represented by the follown enera Formulas Il and |V:
ench sca digestion units were set up in one

5 incubator. Each unit contained a mixture of freshly collected
digested and raw sludges from a waste treatment facility.
Previous acclimated sludge (seed) was also added at about 1.5%
level. The anaerobic digesters were placed in an incubator at
35°C. Each test material (1 gram film, 10-20 mil thick) was

10 wrapped in a nylon mesh containing glass weight to assure
contact with bottom of the sludge. Weight loss and gas
evolution was monitored for 30 days.

Glycerin and starch are highly compatible with Mater-
Bi resin and their blends produced clear films. In the
15 biodegradation tests, it appeared that the synthetic polymer
portion of the Mater-Bi® did not degrade and this preserved the
film integrity. The addition of glycerin and starch reduced
the synthetic resin content in the composition and increased
the degradation rate. In the unmodified starch alloys, around
20 55% weight 1loss was measured, which is also the nominal
concentration of starch in Mater-Bi®. The modified resins,
have shown weight losses of up to 88%.
An empirical correlation can be drawn between the rate
of degradation and the hydrophobic resin content in the
25 continuous phase. The modified compositions' concentration in
the continuous phase can be calculated as follows:

[Mater-Bi® concentration) X 0.4
% Synthetic resin=

[Mater~-Bi® concentration] + [Starch added]

30 In Table 3, the calculated portion of the synthetic resin and
the corresponding weight losses are shown.
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[err] wherein X is independently H d, alkyl having from
about 1 to 3 carbon atons, aryl, an acetate or hydroxyl graqup: '
or. al kyl havi ng from about 1 to about 2 carbon atons; Rfer Tnﬂ§5
having” from®R663c%1 to 4 carbon atons.
enbodi nents, the pgl
acet at e, ethylene V ” TFoye BT i
copol ynmers, described in Fornula L1l ggggg_gacrylate copolyners descri bed
in Formula I'V. Oher suitable polyners of Formulas (I11) and (I1V) will be
apparent to those skilled in the art and may be
W

Example # A 8 c D E F ]
AlOEH 40 45 S0 40 . 4§ 45 100
5 Glyserin 20 20 20 20 20 20
Starch 40 35 30 20 18
CaCo, - - - 20 20 38 -
Synthetic resin, % 20 22.5 28 27 30 40 40
-csiculated
H

10 30 deys weight 88 80.4 78.6 70.1 68.5 54 1]

loss, %
T

The results also indicate that the presence of CaCO, has no
effect on the biodegradafion. In comparing samples F and G
with samples A - E, it is evident that to achieve a higher rate

15 of degradation, the continuous phase may be diluted with
starch.

c. Melt Flow Characteristics
The starch compositions must meet certain melt flow
requirements for producing injection molded parts with thin

20 walls, such as a tampon applicator. The rheology measurements
also suggest that the starch has a strong interaction with
Mater-Bi®. This was manifested in a very sharp increase in the
melt viscosity. Such phenomenon was not observed with inert
fillers, i.e., calcium carbonate.

25 As expected, the addition of glycerin caused a
significant reduction in the melt viscosity. At the same time,
glycerin rendered the composition soft and pliable. Although
this had facilitated the mold filling process, it also

_ necessitated a very long cooling period to prevent distortion

30 of the part upon ejection. It was found that the softening
effect of glycerin can be offset by the addition of starch
powder but not calcium carbonate. Hence, for a given amount of
glycerin and added powder, both the stiffness and the melt
viscosity can be determined by the ratio of starch to CacCo,.
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used wit hout detracting fromthe spirit of the invéntion.

ester-containing polymers (11),
conposition ip_ an anount of about 5 tq 35 wt. .
t’he este??goﬁfglnlng pol yrer content™ id I” be about 10lto 2&HMACIS
$€8akhed! BEbERAY

accordi ng

are comiPibarfes
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(1,
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e or
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met hods khows thﬂtfﬁﬂﬁ%ﬁ¥d¢46ﬁhﬁ mI@W@ zesin with 20 e 1Y H§Hc@Fé§sab¢

conposi t
pl asti ci zer,
| i quid evter§ G#CG:Ba§FE“&F

t han

represented by

preferably

about

Formula_. Il a

xﬁﬂéPl

ove

and

%

Sui t
kovaer de1$ER% HyyY a’wa&e&
aboyt dé%ﬂs%ﬁtaav kR Behpeeaiyt efl%eabhanyabem:oor bgolv;eyﬁags

are LA IR | ¥obhIYLEToRE WRY |1 ke

ast

18" Ofy té’c%fahve&rsh%éaaxnaasw V\?QQI- %ﬁé&ig aWreﬂc‘lﬁg.glpg/ﬂ ?L CIauole

§REUER | ess

mat er i al $P@i ($EaRAL MY, CaClo; content
their measured properties are listed in Table 4.
—_ Table 4
[ e —
Exam. AIO6H GLYCERIN STARCH | CaCoO, ATMER VISCOSITY Degrad-
10 ’ -129 1000/sec ation, %
loss, 30
days
Mater-8i® (AIO6H 4854 55.1
unmodified alloy)
Al 50 20 30 3511 76.6
A2 45 20 35 2210 53.9
15 Al 45 20 35 5409 80.4
A4 45 20 15 20 2524 68.5
AS 40 20 40 5639 88.1
A6 40 20 20 20 3009 70.1
A7 45 20 30 5 3479
20 A8 a5 20 25 10 3213
A9 45 1% 35 s 0.4 6360
A10 | 40 15 30 15 0.4 6187
AN 45 15 30 10 0.4 6442
A12 45 18 25 15 0.4 8748
25 | a13 | a0 15 25 20 0.4 5517
A4 40 15 20 25 0.4 47386
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12 wei ght s of

| ess than 2000,
In a preferred enbodi nent,

or the acetate esters of

the plasticizer is selected fr

iRcluding triacetate ester (triacetin),
succi nate),

pol y( hexanRet€3

pol y(reranet hyl ene fumarate),

pol y( propane

se

poIy(dodecane_sngeiw_MMM__mw:olxgtetraneth | ene az _1In a nore
preferred dn s [ S L1 f triracetfin).
Qt her suit %eég%paf:ﬁr’ t cﬁ%ose sES|E°§{Ee”é PHE drt
and may be detractijng fronjthe sHlﬂZQ of | t HOOIsaw entatian %
General ly, Iastlc%zers arie comprcial lly avail pbl e or npyedseso
synt hesi zed ding t$ conventfi onal npthods {known tp those skiIJep ifn the
art. To Jaccel efat e degrladation} and rdduce thk cost of{ t H&'
corrp03|t|o_rutsmgllr%s (fp,to 50 V\%% %_ or2 ferghl y abopit 2Qs40 @O0 wt. % of
t he conposigti on) Inmay be added to e fifst clgss of canD05|t|ons to _cantrol
t he conposir' s' It yi,gcosity) ,gtarchognd dgd gi um far Qg are
particul arljy _useflul andjare preflerred, th stlarch be ng t e oreferre
filler. Priefprablys theogtarch midl hayg a wgtgg conpenygpf [ess tharf 2%
preferably #no_norfe thantabout 0.11% s allso prefbrred that the stiarch
have a partji glg si g& of {l,8ss thafnagibout 1§ mdareps, ahd giaferpbly |esk
t han about m.crions.
5 || A19 35 23 42 0.4 4810 84.6
A20 30 28 45 0.4 4059
A21 35 23 40 2 0.8 4222
A22 35 23 40 2 1.2 3843
A23 35 23 40 2 1.8 3523
10 || A24 30 25 45 1.0 4124
A28 25 25 50 1.0 4903
A26 22 28 50 1.0 4100
A critical balance was identified between the
components that would enable a short cycle molding. A desired
15 viscosity range of 3300-4200 poise at 100 sec' shear rate and
160°C was identified. Incomplete parts were produced with
higher viscosities and soft distorted parts were obtained at
the lower end. The addition of the flow modifier, Atmer 129
from ICI proved beneficial since it can reduce the viscosity
20

without decreasing the modulus (i.e., stiffness) of the alloy.

The effect of Atmer on viscosity can be seen in Table 4,
experiments A21, A23, and A23.
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pl astici ze

Starches suitable for fillers include, but are not I|n1ted to nat ural or
veget abl e starches such as those extracted from corn,

oats, or wheat. This invention relates to a s
degr adabl e Pt%r‘rﬁ?pl astic conpositions cofprising a pre

%M@r all oy, blended with unnodified starch and

Ot atoes, rye,

The starch-polynmer alloy conprises about 50 to 80 wt.
% dest r uct riepatadion h:hntlrﬁﬂclu Sfron . t!% @it egrastal ks (Carpes Dol gmer .

t he cont ext of this {:'.LEBWJ. gegg ctu gdf’ﬁgarﬁgfas ﬂlpoﬁi doe;a\cl)re%al onal

In

nmeaning, i.e., starc er mp t1on
in the presdhaom mm@mq hW%rlp#Dcfes%fmisiQnms ttvhien sﬁ%ﬂ‘%‘h extguitenren
bonds, apd, thus, the starch's crysgalliggestructure. The water insoluble
polyner S selected fromthe group consisting of ethylene-vinyl
PHBV (7% valerate) 38
Tone 700 16
Triacetin 15
Starch ' 20
10 Calcium carbonate 10
Boron Nitride 1
Materials
Triacetin (triacetate ester of glycerol) - technical grade
(Celanese).
15 PHBV - Polyhydroxybutyrate-polyhydroxyvalerate copolymer -
(ICI).
Starch - 5 to 10 microns powder (ADM).
CaCO, - Calcium carbonate.
Tone 700 - Polycapralactone (PCL) (Union Carbide).
20 The PHBV powder was preblended with the
polycaprolactone (Tone 700) pellets and the starch powder. 1In
a cement mixture the solid blend was sprayed with the liquid
triacetin and tumbled for 15 minutes to obtain a uniform
mixture. The blend was then fed into the back of the twin
25 screw extruder using a volumetric feeder. Screw speed of 300
rpm was used and the temperature profile was gradually
increased from 91°C at the back to 135°C at the front. The
actual melt temperature was 140°C. The strands were cooled and
chopped into S5mm size pellets.
30 Tampon applicators were molded from the above pellets

using an 80 ton Engle machine with 5.2 oz. barrel capacity.
The molding cycle time was 14 seconds and the mold temperature
was 33°C. The temperature profile in the barrel was from 141°C
in the feed zone up to 160°C at the nozzle.
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hydrol yzed acet ate groups, Let
met hacry| aP8C=4SMy| ene- mal ei ¢ anhydri de, 2%ind i xt ur es &her eRHpy ey, | T
certain pre errid ﬁﬁggginents, the polyner will be ethyl ené-vrny etjat e,
preferably h*8 &

st arch- pol gner

ene-glycidil acrylate

acet at e hauvp ' ate nmol ar content of fromabout 5 to
90 % nodified ethyl mmmmulﬂg m’;m; havi ng from abo = 90 % of
y i ) -

°§6etate content of about 12 to 80% The

group consi sting of glycernineg; ,polyethylen col ; _ ethylene l.Lycol,;
gl ycol ; sacg)'r bi tacﬁ?ue‘?’r&%n%ojf& ‘('hee%é%t éf’g, 65t“fﬂﬁgjllt§\e«§?° stic
pr opoxyl at e lymensacionps isfingl poer onemopel yepagtbng whifts|of athey lgeneral
£r ?¥hﬁﬂ§.glycol, sorbitol, mannitol; and m xtures thereof. In
referr

propyl ene

gl ycol ,
certain

General ly,

‘enbodi ments, the plasticizer will be glycerine.
the plasticizer conprises between about 20 to 60 wt. % of the

destructurized starch conmponent pres&t in €he alloy. The al | oy

further conprises 0 up to about 20 wtl.
the destructurized starch compondm@-Gr&HrS )it the conposition contains
60 grans of destructurized starch the conposition wl|

urea.

10

15

20

25

(I)

wherein R 1is independently alkyl having from about 1 to 9
carbon atoms;

b. about 5 to 35 wt. % of one or more ester
containing polymers, the one or more polymers having a
molecular weight greater than about 10,000 and selected from
the group consisting of:

i. polymers with ester 1linkages in the
backbone, the polymers comprising one or more monomeric units
of the formula:

0 o

I |
[-0-C-R,~C-0-R,],

(I1)

wherein R, may be alkane or alkene having about 2 to 12 carbon
atoms; and R, is alkane, alkene, or aryl having up to about 12
carbon atoms; and

ii. polymers with pendant ester groups, the
polymers comprising one or more monomeric units selected from

% urda with respect to the weight of

contain 12 granms of
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The content of the a made starch- polynmer alloy in the
bi odegr adabl e corrposlﬁ“ﬂlﬁmulum“"mrto 50 wt. % pret ut 15 to
30 wt. % Thi%s statch®polyrer alloy is furthef SISHIRRT MA3 Boon
unnodi f i ed pec4®® having a | ow water con?&nt. In the & REPIACRDNT S

I nvention, "unnodified starch”™ neans starch that has not been ne
processed, tied ITONR CINHigHing A1 ithe andd& ure has not been disrupted. In
certain preferred enbodi nents, the starch content has no nore than about 2
w. %water. In a nore preferred enbodi ment, the starchrpas no nore than
about 0.1 wt. %water. In a preferred enbodiment, the particle size of the
starch wgl| be | ess thanGleQd-CB,vair]Qns, pref er §bCH,sboyt 5 to 10

m crons, “and nore preferablyll ess than about 5 microns. | The
unnodi fi'ed starch content of Xthe bi®degr adabl e conposi tFO@Rj s about 30 to
55 wt. % preferably about 40 to 50| and
I
10 - CH:

(II1) (IV)

wherein X is independently H, Cl, alkyl having about 1 to 3
carbon atoms, aryl, acetate or hydroxyl group; R, is H or alkyl
15 having from about 1 to about 2 carbon atoms; Ry is alkyl having
from about 1 to 4 carbon atoms; and
C. about 0 to 30 wt. % of one or more plasticizers;
and

d. about 0 to 50 wt. % of an inert filler.

20 2. The composition of claim 1 wherein the plasticizer is
selected from the group consisting of liquid esters from
dibasic aliphatic acids having a molecular weight of less than
about 4000 and having between 2 to 12 carbon atoms; polyesters;
and acetate esters of glycerine.

' 25 3, The composition of claim 1 wherein the inert filler
is selected from the group consisting of starch and calcium °
carbonate.

q. The composition of claim 1 wherein the thermoplastic
polymer is selected form the group consisting of poly(3-
30 hydroxybutyrate) and poly(3-hydroxyvalerate).

5. The composition of claim 1 wherein the thermoplastic
polymer is a copolymer of poly(3-hydroxybutyrate) and poly(3-
hydroxyvalerate) where the valerate content is between about 5-
25%.
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-14- w. % In a pre , the total starch content of the
bi odegr adabl e conposi HM‘ﬂmm“ﬂﬂlIMest ructurized plug~~he _unnodified
starch) will be about ®5 to 70" ® % nore preferably aidﬂﬂS§Qm. 2

To arrive aPPEn&S8onmosition of the inver®d on the star chapol wppf
further blended with_a water soluble plasticizer containing Tysk
groups. Thrs pl astr@ z&OmRRsditdomaveta AR o WETTHT ¢ Rikn
aFout ;OOOicpha?%ﬁthimqﬁyﬁ&yrﬁg gfb@dteaﬂtsomtthﬂgfnunﬂqemshsyib@ of
glycerin, tri LQpane, sor/hit.0 erythritalg. ol .
In"a nore pPQHngﬁagéﬁggapﬁémféﬁWﬁfqﬁe§¥¥3?§e%dﬁ§89e§c§¥$%5x%§ﬁgrggﬁgggble
piﬁstlc:ze[sephbhtbe.?pmmyiunQ()glynnisﬂ@htnzﬂatﬁtheP%}YYi%ﬂh t REetateof

ot her p | I : 0. Y i N h€B.
The' ahouhi SehF Lol viny IhedEREE el mor A T e
the conposi €rPAlYRersopPRe: PethAgridatedGOR LN®eESmosition's sensitivity
to water. Cenerally, the plasticizer is present in an anount about 15 to 30

w. % of the conposition, preferably 20 to 30 % . n i_tion
to unnodifidd starch %%&g’??fé?’tt‘éﬂﬁi gv‘éﬁ?msmﬂheﬁgmcg{’si &H\er%artﬁ‘gﬂg%e
(Ca]?O[ er (r]I 1) isCadtarun | #6@r paidt atarich thas ha Wwatew atdndent o¢fi tessaithan
preterre about 2 wt. $%.

10 8. The composition of claim 1 wherein the inert filler
: is starch and said starch has a particle size between about 5
and 15 microns.

9. The composition of claim 1 wherein the inert filler
is starch and said starch has a particle size less than about
15 5 microns. '

10. The composition of claim 1 wherein the plasticizer is

selected from the éroup consisting of poly(ethylene adipate),

poly(propane sebacate), poly (hexamethylene succinate),

poly (hexamethylene fumarate), poly (dodecane sebacate),
20 poly(tetramethylene azelate), or triacetate ester.

11. The composition of claim 1 wherein the thermoplastic
polymer is present in an amount of about 20 to 50 wt. %.

12. The composition of claim 1 wherein the ester
containing polymer is present in an amount of about 10 to 25
25 wt. §%.

13. The composition of claim 1 wherein the plasticizer is
present in an amount of about 5 to 20 wt. %.

14. The composition of claim 1 wherein the inert filler
is present in an amount of about 20 to 40 wt. %.
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er;bo'c; ments, the arm 'ﬂlmmmmmmm/ﬂll inert filler is about 2 to 20 wt.
nor e preferably about The follow pg._table

sunmari zes
Table 1

Total pre-
Unnodi fi ed

10

15

20

25

30

t he Afreferred atifiZati‘on ranges: .
RANGE, V\EF@H‘I’ % PREFE
de al |

1
“ar ch qf(% %@nposa.tlon og' clauglol gemerem the thermo
polymer is selected form the group consisting of poly(3-

hydroxybutyrate) and poly(3-hydroxyvalerate) and the ester
containing polymer is selected from the group consisting of
polycapralactone, ethylene glycol adipate, propylene glycol
sebacate, ethylene glycol phthalate, polyvinyl acetate,
ethylene-vinyl acetate copolymers, vinyl chloride-vinyl acetate
copolymers, or methacrylate copolymers.

16. The composition of claim 1 wherein the thermoplastic
polymer 1is selected form the group consisting of poly(3-
hydroxybutyrate) and poly(3-hydroxyvalerate) and copolymers
thereof, and the inert filler is starch which has a water
content of less than about 2 wt. %.

17. The composition of claim 1 wherein the thermoplastic
polymer is selected form the group consisting of poly(3-
hydroxybutyrate) and poly(3-hydroxyvalerate) and copolymers
thereof; the ester containing polymer is selected from the
group consisting of polycapralactone, ethylene glycol adipate,
propylene glycol sebacate, ethylene glycol phthalate, polyvinyl
acetate, ethylene-vinyl acetate copolymers, vinyl chloride-
vinyl acetate copolymers, and methacrylate copoclymers; and the
inert filler is starch which has a water content of less than
about 2 wt. §.

18. The compositicn of claim 1 wherein the thermoplastic
polymer is selected form the group consisting of poly(3-
hydroxybutyrate) and poly(3-hydroxyvalerate) and copolymers
thereof, and the plasticizer is selected from the group
consisting of poly(ethylene adipate), poly(propane sebacate),
poly(hexamethylene succinate), poly(hexamethylene fumarate),

poly(dodecane sebacate), poly(tetramethylene azelate), and
triacetate ester.

19, The composition of claim 1 wherein the thermoplastic
Polymer is selected form the group consisting of poly(3-

%
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2"_ s ol zer ]iﬂlﬂll ||||||Il|||l||||l“|lh val 32_5:30 Mbdi f | &tsT

9-18  Hydrophobjc. water S ndol tible * 6- 20
conpati bl e ﬁ%ﬂ/’#’ Total Starch - 285770 :

. The t her nopl ' [t{o0 of | S 1.nV | ef

I nj ection- n&yﬁéﬁlﬁ\%ﬁ%dggﬁ i%‘%ie}s Y yﬁ%%&%@/a%bggew

bi odegr adablthererfus, théie laaticsizerois aedeptedi fubarthe ugedup dorsisting
preparing fl yshab i p suc ' a ' S.
Shaped articles s%?r})g(ls 1"l ms,eefi bégg?’gg‘%é' nol z%%igg?%gﬁgg% bepstrrggc??‘ftt%grh

the cl ai med rednpdBxareshyibengnFyceinakebet PO Yidiexangthvdenss dumanats)so
by mel t - pgoGRIASARISHETRRE MBdactid)Usi pB1yedteamBtaylend MRLEifge), and

triacetate ester; and the ester containing polymer is selected
from the group consisting of polycapralactone, ethylene glycol
adipate, propylene glycol sebacate, ethylene glycecl phthalate,
polyvinyl acetate, ethylene-vinyl acetate copolymers, vinyl
10 chloride-vinyl acetate copolymers, and methacrylate copolymers.

20. The composition of claim 1 wherein the thermoplastic
polymer is selected form the group consisting of poly(3-
hydroxybutyrate) and pely(3-hydroxyvalerate) and copolymers
thereof; the plésticizer is selected from the group consisting
15 of poly{ethylene adipate), poly(prcpane sebacate),
poly (hexamethylene succinate), poly(hexamethylene fumarate),
poly(dodecane sebacate), poly(tetramethylene azelate), and
triacetate ester; the ester containing polymer is selected from
the group consisting of polycaprélactone, ethylene glycol
20 adipate, propylene glycol sebacate, ethylene glycol phthalate,
polyvinyl acetate, ethylene-vinyl acetate copolymers, vinyl
chloride-vinyl acetate copolymers, and methacrylate copolymers;
and the starch has a water content of less than about 2 wt. %.

21. The composition of claim 19 wherein the thermoplastic

25 polymer is present in an amount about 20 to 50 wt. %, the
ester-containing polymer is present in an amount of about 10 to
25 wt. %, the plasticizer is present in an amount of about 5 to
20 wt. %, and the starch is present in an amount of about 20 to
40 wt. %.

30 22. A composition of matter comprising
a. about 15 to 50 wt. % of a starch-polymer alloy,
the starch-polymer alloy comprising:
i. about 50 to 80 wt. % destructurized starch
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EXANPLES EXAMPLE 1 HlIH
an!

ation PHBV (15%
hydroxyval erate), ob I“Mﬂ ImEngI and and the ester "

pol ymers were nelted sw th plasticizer and fill g
Brabender PIP&s#iS8Corder mni xer. The estersgont ai ni ng pol ynmer
and anmounts of the conponents are set forth in Table 2. The m xi ng ma .
carri ed ouendt abgofterdq GankP 50t v pin ofha hpitophobiendopmdyaercseledtitdaom

- 16 - frbﬂeﬂﬂﬁMgfﬂﬁbFEéﬁE%E&iﬂ& éoethQPeﬂélvinyfkaébkgﬁe(ﬁgggngsk
vinyl acetate molar content of from about 5 to 90 %,'modified
ethylene vinyl-acetate having from about 5 to 90 % of

-5 hydrolyzed acetate groups, ethylene-glycidil acrylate,
ethylene-methyl methacrylate, ethylene-maleic anhydride, and
mixtures thereof;

- ii. a plasticizer present in an amount about 20
to 60 wt. % of the destructurized starch component of (i)
10 present in the starch-polymer alloy, said plasticizer is
selected from the group consisting of glycerine; polyethylene
glycol; ethylene glycol; propylene glycol; sorbitol; mannitol;
the acetate, ethoxylated and propoxylated derivatives of
) glycerine, polyethylene glycol, ethylene glycol, propylene
15 glycol, sorbitol, mannitol; and mixtures thereof;

iii. 0 up to about 20% urea with respect to the

weight of the destructurized starch component of (i); and
b. about 15 to 55 wt. % of unmodified starch; and
c. a water soluble plasticizer containing hydroxyl
20 groups and having a molecular weight of less than about 1000.

23. The composition of claim 22 which further comprises
about 2 to 20 wt. % of an inert filler.

24, The composition of claim 23 wherein the inert filler
| is calcium carbonate.

25 25. The composition of claim 24 wherein calcium carbonate
comprises about 5 to 10 wt. % of the composition.

26. The composition of claim 22 which comprises about 15
to 30 wt. % of component a.

27. The composition of claim 22 wherein the unmodified
30 starch, component b, contains no more than about 2 wt. % water.

28, The composition of claim 22 which comprises about 30°

————
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1'60[verr] C) for char actlﬂl'l wl ﬂ uﬂll\lgegradatlon testing.
G 30 - Paraplex G 30 ight liquid aliph

(C.P. Hall). PEG - 4000 nol ecul ar melght pol yet hyl ene glycd‘HXQEﬂbq

Uni on Car bi dePCT488cetin (triacetate esterrdof glycerol)

(Cel anese). EVA - Ethylene-vinylacetate copol yner, 28 % acetate

USI). PCL - %@l §2aptal hcPHnEheTHREROIEDL e BF2EER hi GRRPORRRY b-
Polyhydroxybutyrate pol yhydr oxyval erate copolyner (ra). star
m crons powder (ADM um car

Materi al s
ester

cREM O

ch - 5to 10

Mechani cal af@- EmnensFBﬁgE£PP8%éFﬁPés°f claim 9$h¥g&8np88W?Fbﬁ§sp?%ﬁ%?eﬂo

and studi ed geesdewtti bedfi théabhmodifieagsvatbhi esbmpaaehtsb
the context of this invention " tensile strength,” means the

maxi mum st ress

a materi al

subjected to a stretching load can withstand w thout breaking.

The term "el d3Agat i on" Thef epvpesithenfofistliadmaR2i weerain fhe skarchi apntent
length du% U8f the total composition is in the range of about 55 to 70 wt.

15-

20

25

30

%.

31. The composition of claim 22 wherein the starch content
of the total composition is in the range of about 60 to 65 wt.

%.
32. A method of preparing a biodegradable composition
comprising:

a. blending about 50 to 80 wt. % of destructurized
starch with a hydrophobic copolymer selected from the group
consisting of ethylene-vinyl acetate having a vinyl acetate
molar content of from about 5 to 90 %, modified ethylene vinyl-
acetate having from about 5 to 90 % of hydrolyzed acetate
groups, ethylene-glycidil acrylate, ethylene~-methyl
methacrylate, ethylene-maleic anhydride, and mixtures thereof;

b. blending the product of step (a) with a
plasticizer selected form the group consisting of glycerine;
polyethylene glycol; ethylene glycol; propylene glycol;
sorbitol; mannitol; the acetate, ethoxylated and propoxylated
derivatives of glycerine, polyethylene glycol, ethylene glycol,
propylene glycol, sorbitol, mannitol; and mixtures thereof,
said plasticizer is present in amount about 20 to 60 wt. % of
the destructurized starch component of step (a);

c. optionally blending the product of step (b) with
up to about 20% urea with respect to the weight of the
destructurized starch component of step (a);

d. blending the product of step (c) with about 15
toc 55 wt. % of unmodified starch and a water soluble
plasticizer containing hydroxyl groups and having a molecular
weight of less than about 1000. |

M
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str‘!s in tension; also referred to as elasticity. The tensile
strength/elongatlon of the conpositions was determ ned usjTg

10 inch/mn h crosshead speed and inch gap. "H -”Sﬁﬂﬂﬁ :
descri bes tﬁ%spgIs 's stiffness. It mas'%easured usi ng e nSEmuﬁ%E

I nch/ m nute The ter [ §f§ﬁ 0 .
I nventi on, ﬁ%ans the nungghggfqgfggs éﬁk%ﬁ rnnp'%%??c re5|% t%ﬁt éaﬁ he
forced throagnpxkﬁkﬂgfled openi ng under a certain pressure; this is a very
i mportant property fof, t hegran s 'éb&@ifpi’@' kloOnfn Wbe REldf | dsleXovatore
determ ned at 5000 psi, .and at 160 er@
-17- thermoplastic polymer ected from the group consxsting of
5 poly(3-hydroxybutyrate) and poly(3-hydroxyvalerate) and
copolymers thereof; with an amount of about 0 to 30 wt. % of a
plasticizer selected from the group consisting of poly(ethylene
adipate), poly(propane sebacate), poly(hexamethylene
succinate), poly(hexamethylene fumarate), poly(dodecane

10 sebacate), poly(tetramethylene azelate), and triacetate ester;

b. blending the product of step (a) with an ester -
containing polymer selected from the group consisting of
polycapralactone, ethylene glycol adipate, propylene glycol

'.’ sebacate, ethylene glycol phthalate, polyvinyl acetate,
15 ethylene-vinyl acetate copolymers, vinyl chloride-vinyl acetate
copolymers, and methacrylate copolymers;

c. blending the product of step (b) with an amount
of about 0 to 50 wt. % of unmodified starch having a water
content of less than about 2 wt. % and a particle size of less

20 than about 15 microns.

34. A shaped article formed from the composition of Claim

1.
35. A shaped article formed from the composition of Claim

' 22.
25 36. A shaped article formed from the composition of Claim

32 which is a tampon applicator..

37. The shaped article from the composition of claim 33
which is a tampon applicator.

A
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éi'adegradabl e Conpositions Based On PHBV

Tabl e 2 Tensile . El ong. % Fl ex

% Vi ght Conposi tion - Strength ‘

I'ndex PPC-4/58ss ANB CO =33~ PS|

Kpsi 160[err]C 30 da = PHBV

O=STARCH KesTRAGY

B =PCL The invention presents classes of thermoplastic,

28/ -zrg} igleté:'t}%dfgradable ng%l:éltions. Tees‘]t]s indlcate118that these6

79.5 compos3g/ipnsi sg¥pibjt good mechangeal propertles? and readil!!134

i %2 5 degra%r% 3n the preséfick3020h48roér e/uéjé??%; 2’1(‘)h4880mp051tion9 o4£2L72
23 thlslggventlon aresuseful for proggcu\g 1nject136/ Tg}lggsizlothm-

walled articles that are capable of appreciably degrading in
the sewage system within thirty (30) days.
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Melt Processable Biodegradable
Compositions and Articles Made Therefrom

packground of the Invention

This invention is related to the development and use
of environmentally friendly materials that can alleviate the
growing environmental problem of excessive trash. This
invention relates to the development of compositions that
degrade rapidly by microorganisms. These compositions can be
used in a variety of consumer disposable products. For
example, the materials can be fabricated into films, fibers and
molded parts for the manufacturing of disposable products such
as diapers, sanitary napkins, adult incontinence products, and
particularly tampon applicators.

Many natural polymers are known to degrade rapidly by
microorganisms but most of them are not useful in fabricating
articles because they lack the properties typical to plastic
materials. In addition, they are not melt processable. One
such material is natural starch. Being cheap and readily
available, starch has become the leading component in many
developments of Eiodegradable compositions. The challenge has
always been to convert this heat sensitive powder into a melt
processable composition that has good mechanical properties
while maintaining its high rate of biodegfaéation.

Many natural and synthetic materials are also known
to undergo a rapid digestion by microorganisms. Their chemical

" structures vary from hydrocarbons and carbohydrates to

molecules with ester or amide linkages. Encyclopedia of
Chemical Technology, Plastic, Environmentally Degradable, Supp.
Vol., 626-68 (Kirk-Othmer, 3d ed.). Most of these materials are
not useful in fabricating articles because they lack the
mechanical properties typical to plastic materials, in addition
to being difficult to process.

The use of starch as a low cost biodegradable filler
in certain polymeric systems is known. A fairly high
concentration of starch filler {is required to achieve
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Triacetirbaterials was the discovery that starch can be melt processed

in the presence of water, heat, and pressure. See U.S. Patent
Numbers 4,133,784 and 4,337,181 ("the USDA patents").

The USDA patents describe the use of starch filled
poly(ethylene-acrylic acid) (EAA) and polyethylene (PE) as a
biodegradable film for packaging and agricultural mulch.
These patents describe a process where the starch is first
gelatinized in the presence of water at elevated temperatures.
Under such conditions the highly hydrogen bonded natural
structure is destroyed and melt flow is attained. The
resulting mixture is then blended with EAA and PE. Large
amounts of water are used (20%-50%) and the final starch
content is as high as 60 wt. %, after the water is removed.

Tests have indicated that the biodegradation rate of
the materials prepared according to these patents displayed
unsatisfactory biodegradation properties. The injected molded

parts containing PE/EAA with 40 wt. % starch did not degrade at

all in the sewage system (0 to 5 % weight loss) after 30 days.
This time perioa was selected for testing because water
treatment facilities typically had sewage in residence for
about 30 days, but in modern facilities the in residence time
is less than a week. However, sanitary protection devices may
end up in septic tanks as well so to avoid accumulation and
clogging in the plumbing it is reasonable to require a maximum
30 days for degradation.

A starch based blown film is also described in an
article by Felix Otey. Ind. Eng. Chem. Res., 1987, 26, 1659-
1663. )

U.S. Patent Number 3,949,145 describes a method to
prepare polyvinyl alcohol films filled with starch for
agricultura}}applications. This composition is highly water
sensitive, making the composition highly unsuitable for
disposabie products such as diapers and sanitary napkins.

Also, polyvinyl alcohol-containing samples degrade very slowly
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disposable products.

Injection molded starch capsules are described in U.S.
Patent Number 6,673,438. These capsules are made from pure
starch in the presence of 5% to 30% water and heat. The
structure of the strongly hydrogen bonded starch is belijeved to
be-destroyed under these conditions, creating a melt flow. The
resulting material is stiff and extremely water sensitive,
which make the compositions a poor candidate for biodegradable
products such as disposable diapers and sanitary napkins.

- Recent improvements in producing starch based
biodegradable articles have been reported. See U.S. Patent
Number 4,673,438; U.K. Patent Number 2,190,093; and European
Publications 282,451, 298,920, 304,401, 326,517, and 327,505.

U.S. Patent Number 5,095,054 discloses polymer blends
that can be transformed by heat and under pressure to form
products having dimensional stability. These compositions
comprise destructurized starch, and at least one substantially
water insoluble polymer; the composition may optionally contain
another water-insoluble polymer and a plasticizer. The starch
used in these compositions has a relatively high water content
that significantly modifies the starch's dimensional and
mechanical properties; although the destructurized starch is
thermoplastic, it 1is not water resistant. This starch
composition is an unsuitable substrate for manufacturing
disposable products such as tampon applicators, disposable
diapers, and sanitary napkins.

U.S. Patent Number 5,087,650 discloses biodegradable
plastic compositions comprising unmodified starch and
thermoplastic polymers. The starch too has a high water
content that causes the starch to become destructurized when
heated under pressure. This affects the starch's dimensional
and mechanical properties and makes the compositions unsuitable
for biodegradable thermoplastic compositions.

GB 2,190,093 describes starch compositions that

' consist of at least 72 wt. % starch and, optionally, a second
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hydrophilic polymer. The presence of at least 10 wt. % water
is also essential in that process which makes the compositions
unsuitable for consumer products.

PCT Application, International Publication Numbaer
W091/02025, discloses a starch-polymer alloy comprising
destructurized starch and an ethylene copolymer. Tests have
indicated that compositions prepared according to this patent
lacked the necessary biodegradation properties required to be
suitable for consumer products.

The use of poly(3-hydroxybutyrate) (PHB) and poly (3-
hydroxyvalerate) (PHV) copolymer blends are described in Dave.
et al., Polym. Mater. Sci., 1990, 62, 231-35. Degradation
studies of polycapralactone/PHBV compositions yielded
relatively low weight loss under lab enzymatic hydrolysis.

A molded - tampon applicator from poly(3-
hydroxybutyrate} and poly(B-hydroxyvalerate), a plasticizer,
and a nucleating agent is described in U.S. Patent Number
4,900,299, assigned to McNeil. Also disclosed is the optional
use of a biodegradable filler as hydroxyalkyl cellulose or
starch.

The use of starch filled polymers is the cheapest angd
most convenient route for producing functional biodegradable
materials. But the starch content in such compositions must be
very high (>50 wt. %) to achieve a reasonable rate of
biodegradation. Further, starch powder typically contains 10%
to 40% by weight moisture. This starch is generally charged
into an extruder where the combination of heat and pressure is
sufficient to destructurize and melt the starch. Because
starch becomes the major phase, the resulting materials are
brittle and require further modifications.

Typically, a fairly high concentration of starch
filler is required to achieve biodegradation. But conventional
polymers such as polyethylene, polyurethane, etc. have a
limited useful capacity for starch filler, that is, the

. mechanical properties of the compositions deteriorate sharply
with increasing starch content. Further, microorganisms have
been shown to selectively digest the starch without degrading
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bags. tercipeld ¢lome®eb§ exposing starch to heat and pressure in the
presence of water, which breaks the hydrogen bonds between the
starch molecules and renders the materials thermoplastic but
soluble in cold water, and thus, unsuitable for consumer
products. For this reason, other water insoluble polymers have
been incorporated into such compositions, but this caused poor
biodegradation.

Despite advances, there still remained a
challenge to find a reasonable trade-off between water
resistance and high rate of degradation. The present invention
provides compositions that maintain a proper balance between
mechanical properties, high biodegradation rate,
processability, and low cost.

gsummary of the Invention

Tests indicate that compositions of the present
invention are thermoplastic, exhibit good mechanical
properties, and readily degrade in the presence of
microorganisms. The compositions of this invention can be
injection molded into thin walled parts which are capable of
appreciably degrading in the sewage system in thirty days.
These products find utility in flushable disposable products.

This invention provides two classes of thermoplastic
biodegradable compositions. In one aspect of the invention,
compositions comprising a blend of a thermoplastic and ester
containing polymer, a plasticizer, and optionally an inert
filler are provided. These compositions comprise (a) 10 to 70
wt. % of one or more thermoplastic pol&mers or copolymers
comprising one or more repeating units of the general formulat:’

R

[-O-CH~-CH,-C-]),
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- 20 - carbon atoms;

b. S to 35 wt. ¥ of one or more ester containing
polymers, the one or more polymers having a molecular weight
greater than about 10,000 and selected from the group
consisting of:

i. polymers with ester 1linkages in the
backbone, the polymers comprising one or more monomeric units
of the formula:

o) 0

[-0-C-R,~C-0-R,],

(I1)

wherein R, may be alkane or alkene having about 2 to 12 carbon
atoms; and R, is alkane, alkene, or aryl habiﬁq up to about 12
carbon atoms; and '

ii. polymers with pendant ester groups, the
polymers comprising one or more monomeric units selected from
the group consisting of the units:

R,
( -CH,-CH~CH,-CH-1}, {-CH,~C~1.
X o) COOR;
| and
l
CH,
(III) (IV)

wherein X is independently H, Cl, alkyl having about 1 to 3
carbon atoms, aryl, an acetate or hydroxyl moiety; R, is H or
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hydr ophobi ¢ resin content t he
a. about 15 to 50 wt. % of a starch-polymer alloy,

the starch~polymer alloy comprising:

i. about 50 to 80 wt. % destructurized starch
and about 20 to 50 wt. % of a hydrophobic copolymer selected -
from the group consisting of ethylene-vinyl acetate having a
vinyl acetate molar content of from about 5 to 90 ¥, modified
ethylene vinyl-acetate having from about 5 to 90 % of
hydrolyzed acetate groups, ethylene-glycidil acrylate,
ethylene-methyl methacrylate, ethylene-maleic anhydride, and
mixtures thereof; :

ii. a plasticizer having a boiling point greater
than 150°C selected from the group consisting of glycerine;
polyethylene glycoli ethylene glycol;' propylene glycol;
sorbitol; mannitol; the acetate, ethoxylated and propoxylated
derivatives of glycerine, polyethylene glycol, ethylene glycol,
propylene glycol, sorbitol, mannitol; and mixtures thereof;

iii. 0 up to about 20 wt. % urea with respect to
the weight of the destructurized starch component in (i); and

b. about 30 to 55 wt. % of-unmodified starch; and

c. a water soluble plasticizer containing hydroxyl
groups and having a molecular weight of less than about 1000.

This invention further relates to articles prepared
from the biodegradable compositions disclosed herein, in
particular, disposable tampon applicators.

Brief Description of the Drawings

Figure 1 is a graphical representation illustrating that
modifying the pre-made starch-polymer alloy (AIO6H resin) with
20 wt. § glycerin and 40 wt. % starch resulted in a higher
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portion of the synthetic resin and the correspondingimeighymLQ$§g§mgL§¥
shown. BiodegradatToﬁ of Mater-Bi[err] (Al OH)

FornU|aI'QD§cosity, whereas with 40 wt. % CaCO, a significant lower
viscosity was achieved.

Figure 2 is a graphical representation demonstrating the
simplicity of viscosity control by varying the starch and caco,
content.

Detailed Description of the Invention
This invention provides classes of thermoplastic

biodegradable compositions. One class of compositions
comprises a blend of a thermoplastic and ester containing
polymers, a plasticizer, and optionally an inert filler.

The thermoplastic polymer component 1in these

compositions contains the monomeric unit represented by the

at ed
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R 0

I
[~0-CH-CH,~C-],

(I)

<

wherein R is independently alkyl having from about 1 to 9
carbon atoms (i.e., homologous hydrocarbon series from methyl
to nonyl). In broader terms, all biodegradable poly(3-
hydroxyalkanoates ) are suitable polymers for this invention.
The thermoplastic polymers of Formula I may include copolymers
where R differs in the repeating monomeric units. This family
of polymers has been described. Gross, et al., Macromolecules,
1989, 22, 1106; Brandl,, et al., Applied and Environmental
Microbiology, 1988, 58, 13977, the disclosures of which are
incorporated herein by reference in their entirety. These
polymers are generally produced by microorganisms and several
variants have been synthesized in laboratories.} Bloembergen,
et al., Macromolecules, 1987, 20, 3089-91; Shelton, et al.,
Polymer Letters, 1971, 9, 173-78. the disclosures of which are
incorporated herein by reference in their entirety. These
polymers may be synthesized according to methods known to those
skilled in the art. The aforementiocned publications describe
exemplary synthetic techniques.

In accordance with a preferred embodiment, the polymer
(I) possesses a methyl or ethyl sidechain, R, (i.e., poly(3-
hydroxybutyrate) (PHB) and poly(3-hydroxyvalerate) (PHV},
respectively). In a more preferred embodiment, a copolymer of
PHB and PHV will be used (PHBV), wherein the valerate content
is between about 5 to 25%.

Thermoplastic polymer (I) is ©present in the
compositions in an amount of about 10 to 70 wt. %¥. Preferably,
the thermoplastic polymer content will be about 20 to 50 wt. %.

Thermoplastic polymers such as PHBV are stiff and
brittle and are difficult to process due to their low rate of
crystallization. Blending PHBV with certain ester containing
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ratio of starehrte €a@dsrét. compositions of the invention will have
ester linkages in the backbone or contain pendant ester groups.
These polymers should have a molecular weight greater than
about 10,000,
Polymers containing ester linkages in the backbone
contain one or more monomeric units of the following general
Formula II:

0 0

[-0-C-R,-C-0-R,],

(IT)

wherein R, may be alkane or alkene having about 2 to 12 carbon
atoms; and R, is alkane, alkene, or aryl having up to about 12
carbon atoms. .

In a preferred embodiment, the polymers containing
ester linkages in the backbone (II) may be polycapralactone,
ethylene glycol adipate, propylene glycol sebacate, ethylene
glycol adipate, propylene, glycol sebacate, ethylene glycol
phthalate. In a more preferred embodiment, the polymer (II)'is
polycapralactone. Other suitable polymers and copolymers of
Formula IX will be apparent to those skilled in the art and may
be used without detracting from the spirit of the invention.

Polymers comprising pendant ester groups have one or

‘more monomeric units represented by the following general
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wherein X is independently H, Cl, alkyl having from about 1 to
3 carbon atoms, aryl, an acetate or hydroxyl group; R, is H or
alkyl having from about 1 to about 2 carbon atoms; R, is alkyl
having from about 1 to 4 carbon atoms.

In certain preferred embodiments, the polymers with
pendant ester groups may be polyvinyl acetate, ethylene vinyl
acetate copolymers, vinyl chloride-vinyl acetate copolymers,
described in Formula III; or methacrylate copolymers, described
in Formula IV. Other suitable polymers of Formulas (III) and
(IV) will be apparent to those skilled in the art and may be
used without detracting from the spirit of the invention.

The ester-containing polymers (II), (III), and/or (IV)
are present in the composition in an amount of about 5 to 35
wt. 3. In a preferred embodiment, the ester-containing polymer
content will be about 10 to 25 wt. %.

Generally, the ester-containing polymers used in
practicing this invention are commercially available or may be
synthesized according to conventional methods known to those
skilled in the art.

The first class of compositions of the invention may
also contain up to about 30 wt. % of a plasticizer, preferably
about 5 to 20 wt. %. Suitable plasticizers include liquid
esters of dibasic aliphatic acids having a molecular weight of
less than about 4000 and having between 2 to 12 carbon atoms,
or polyesters represented by Formula II above, and are
predominantly liquids or wax-like materials with molecular
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from the group including triacetate ester (triacetin),
poly (propane sebacate), poly (hexamethylene succinate),
poly(hexamethylene fumarate), poly(dodecane sebacate), and
poly(tetramethylene azelate). In a more preferred embodiment,
the plasticizer 1is triacetate ester (triacetin). Other
suitable plasticizers will be apparent to those skilled in the
art and may be used without detracting from the spirit of the
invention. Generally, the plasticizers are commercially
available or may be synthesized according to conventional
methods known to those skilled in the art.

To accelerate degradation and reduce the cost of the
compositions, fillers (up to 50 wt. %, preferably about 20 to
40 wt. % of the composition) may be added to the first class of
compositions to control the compositions' melt viscosity.
Starch and calcium carbonate are particularly useful and are
preferred, with starch being the preferred filler. Preferably,
the starch will have a water content of less than 2%,
preferably no more than about 0.1%., It is also preferred that
the starch have a particle size of less than about 15 microns,
and preferably less than about 5 microns.

Starches suitable for fillers include, but are not
limited to, natural or vegetable starches such as those
extracted from corn, maize, potatoes, rye, oats, or wheat.

This invention relates to a second class of degradable
thermoplastic compositions comprising a premade starch-
hydrophobic polymer alloy, blended with unmodified starch and
a liquid plasticizer.

The starch-polymer alloy comprises about 50 to 80 wt.
$ destructurized starch and 20 to 50. wt. % of a water insoluble
polymer. In the context of this invention, "destructurized
starch" has its conventional meaning, i.e., starch that has
been formed by thermoplastic melt formation in the presence of
water; this process disrupts the starch's hydrogen bonds, and,
thus, the starch's crystalline structure. The water insoluble
polymer is selected from the group consisting of ethylene-vinyl
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acetate having a vinyl acetate molar content of from about 5 to
90 %, modified ethylene vinyl-acetate having from about 5§ to 90
$ of hydrolyzed acetate groups, ethylene-glycidil acrylate,
ethylene-methyl methacrylate, ethylene-maleic anhydride, and

mixtures thereof. In certain preferred embodiments, the

polymer will be ethylene-vinyl acetate, preferably with a vinyl .

acetate content of about 12 to 80%.

The starch-polymer alloy further comprises a.

plasticizer selected from the group consisting of glyceriné;
polyethylene glycol; ethylene glycol; propylene glycol;
sorbitol; mannitol; the acetate, ethoxylated and propoxylated
derivatives of glyceriné, polyethylene glycol, ethylene glycol,
propylene glycol, sorbitol, mannitol; and mixtures thereof. 1In
certain preferred embodiments, the plasticizer will be
glycerine. Generally, the plasticizer comprises between about
20 to 60 wt. % of the destructurized starch component present
in the alloy.

The alloy further comprises 0 up to about 20 wt. %
urea with respect to the weight of the destructurized starch
component; that is, if the composition contains 60 grams of
destructurized starch the composition will contain 12 grams of
urea.

The content of the above-described premade starch-
polymer alloy in the biodegradable composition is about 15 to
50 wt. %, preferably about 15 to 30 wt. %.

This starch-polymer alloy ‘is further blended with
unmodified starch having a low water content. In the context
of this invention, "unmodified starch" means starch that has
not been melt processed, and, thus, its crystalline structure
has not been disrupted. In certain preferred embodiments, the
starch content has no more than about 2 wt. % water. In a more
preferred embodiment, the starch has no more than about 0.1 wt.
% water. In a preferred embodiment, the particle size of the
starch will be less than about 15 microns, preferably about 5
to 10 microns, and more preferably less than about 5 nicrons.

The unmodified starch content of the biodegradable
composition is about 30 to 55 wt. %, preferably about 40 to 50
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wt. %. Ain a pre erre&“embodlment the tota statc content of
the biodegradable composition (i.e., the destructurized plus
the unmodified starch) will be about 55 to 70 wt. %, more
preferably about 60 to 65 wt. %.

To arrive at the composition of the invention the
starch-polymer alloy is further blended with a water soluble
plasticizer containing hydroxyl groups. This plasticizer
should have a molecular weight of less than about 1000. 1In
certain preferred embodiments, the plasticizer may be glycerin,
trimethylpropane, sorbitol, erythritol, or polyethylene glycol.
In a more preferred embodiment, the plasticizer is glycerin.
other suitable plasticizers will be apparent to those skilled
in the art, and the use of other plasticizers will not depart
from the spirit of the invention. The amount of the
plasticizer utilized is an amount effective to render the
composition thermoplastic and to reduce the composition's
sensitivity to water. Generally, the plasticizer is present in
an amount about 15 to 30 wt. % of the composition, preferably
20 to 30 wt. §. '

In addition to unmodified starch other inert
additives, such as calcium carbonate (Caco;) can be
incorporated into the formulation. In certain preferred
embodiments, the amount of additional inert filler is about 2
to 20 wt. %, more preferably about 5 to 10 wt. %.

The following table summarizes the preferred
utilization ranges:



conponents that would enable a short cycle nolding. A desired viscosity
range of 3300-4200 poise at 100 sec[err] shear rate and 160[err] C was ...
i dentifi ed. | nconpl ete parts were produced w th hi ghefF 'wa "'Lgﬁg\!«egnmd
soft distorted parts were obtained at the | ower end. hé MO T T on-0f- ~the
flow nodifier, Atner 129 fromIC proved benef i ci al SI nce; it can educe tihe
Vi scosity wi t hout decr easi ng the m)dulsus (i.e., stlffne$s§ Gfs FRE &WA% _

1,

The effect of Atmer on viscosity can®Pe seen in Table 4] experl ment s
{

A23, and A23. b -24- “EXABLE 3
Pr epar at | Qisafeebiti-cl-as—f-.0m m_iﬁdau.a_m JFhe-

fol | owi nd gormosinti on was firbrak@Epaiided kn a PREFERRED RANGE, %

Total pre-made

alloy 15-50 15-30
Unmodified starch 30-55 40-50
Rlasticizer 15-30 20-30
Caco, 2-20 5~10

Calculated Values:

Modified starch 3-30 5-18

Hydrophobic water
insoluble 6-20 6-12
compatible polymer

Total Starch 55=-70 60-65

.The thermoplastic compositions of this invention are
useful for producing injection-molded, thin-walled articles
which have the advantage of being biodegradable. Thus, the
compositions are particularly useful for preparing flushable,
disposable products such as tampon applicators. Shaped
articles such as films, fibers, and molded parts can be made
from the claimed compositions not only by injection molding
processes bqt also by melt-processes such as melt-extrusion,

~and compression molding. -

EXAMPLES
EXAMPLE 1

a. Preparation

PHBV (15% hydroxyvalerate), obtained from ICI, England
and the ester containing polymers were melted and blended with
plasticizer and fillers using a Brabender Plasti-Corder mixer.
The ester-containing polymers, plasticizer, and amounts of the
components. are set forth in Table 2. The mixing was carried
out at 160°C and 50 rpm. The uniform blends were removed from
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1 Materials Triacetin (triacetate ester of glycerol)}-3 technlcal griage
(Cel anese). PHBV - Pol yhydroxybutyrat e- polyhydroxyvalegate'cop01yﬂer*“
(ra). starch - 5 to 10 mcrons powder (ADM. CaCC{err] Cal ci um ]
carbonate. Tone 700 - Pol ycapral act oneygPCL) (Uni on Carbide) """ The

PHBV  powder was pr ebl ended W th t he pol ycaprol act one (Tone 700)
pell ets atitetbewstandhppesded. ihnoaloerend miidt dhd ckhef islots d(ﬁﬂcmubada,s
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G-30 - Paraplex G-30, a low molecular weight liquid aliphatic
polyester (C.P. Hall).
PEG - 4000 molecular weight polyethylene glycol (Carbowax 3600
Union Carbide.
Triacetin (triacetate ester of glycerol) - technical grade
(Celanese).
EVA - Ethylene-vinylacetate copolymer, 28 % acetate (UE-634,
UsI).
PCL -~ Polycapralactone (Tone 700 Union Carbide).
PHBV - Polyhydroxybutyrate-polyhydroxyvalerate copolymer (ICI).
Starch - 5 to 10 microns powder (ADM).
CaCo; - Calcium carbonate.

b. Mechanical and Dimensional Properties

The compositions prepared and studied are described
in Table 2 along with test results.

In the context of this invention " tensile strength,"
means the maximum stress a material subjected to a stretching
load can withstand without breaking. The term "elongation®
refers to the fractional increasing a material's length due to
stress in tension; also referred to as elasticity. The tensile
strength/elongation of the compositions was determined using
an Instron at 10 inch/minute with crosshead speed and a 1 inch
gap. "Flex modulous" describes the polymer's stiffness. It was
measured using an Instron at 2 inch/minute. The term "melt
index," as used in the context of this invention, means the
number of grams of thermoplastic resin that can be forced
through a specified opening under a certain pressure; this is
a very important property for thermoplastic compositions. The
melt index was determined at 5000 psi and at 160°C.
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screw extruder using a volunetric feeder. Screw speed of 360—rpnTW {
and the tenperature profile was gradually increased from*9$[5*{=l»#‘1C C-at.. he |
back to 135[err]C at the front. The actual nelt terrperat‘ur‘e was 140[err]q
The strands were cool ed and chopped into 5nm size pellets. | 24 FE8 ”@%frrppn,
applicators were nolded fromthe above pellets using an 80 ton Engl e .
machine with 5.2 oz. barrel capacity.;sThe nolding cycle t| e~ was 14" §econds

and the nold tenperature was 33[err]C. The tenperature prbflle in the i
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barrel was from 141§14dgSanabl becdmeh irdrasupaned 106 BERY C 4t T he nozzl e.
- 25 - \Wat is clained: Table 2
::mplc Tansile Elong. % Flex Malt % Waight Camposition
Strangth Modu Indax loss AMR/C/O
Pl Kpsi 180°C 30 days A =PHBY
D «STARCH
'— B =PCL
C =Triacatin
o 814 41 118 a 48/23110/20
2 504 48 38 7 79.5 38/17/15/30
3 874 7 134 1 85.3 27/13/20/40
4 488 172 122 9 . 43/22/15/20
5 342 23 138 5 83 30/15/15/40
6 654 ] 83 13 71.8 40/20/20(20
7 504 a7 165 4.2 100 50/0/25/25
8 581 18 222 2.8 100 4500720135
9 1570 15 331 s 100 70/30/0/
10 849 114 131 12 51.7 35/35/10/20
1 ‘325 70 110 13 69 27.5/27.5/5/15/30
12 400 15 8s 0 76.8 20120720740
14 347 20 108 1 74.1 22.5/22.5/15(40
15 452 71 102 28 89.3 30/30/20/20
18 597 57 107 22 72.2 25/25/20730
17 514 s 133 9 8§4.2 30/30/10/30
18 1057 ] 185 7 ns 25/25/10/40
19 1154 15 150 21 24.9 13/47110{20
20 | s33 23 39 25 46.1 17138115130
21 341 18 37 30 8.6 13/27/20140
22 1086 126 3s 28 36.1 22/43/15/20
23 615 11 134 18 65.6 15/30/15/40
24 as1 65 128 42 45.9 20140/20120
25 583 32 T 37 60 16/34/20730
28 755 41 127 16 44 20/40/10/30Q
27 635 16 M 13 59.4 16/34/10/40
B=EVA
> C ~TRIACETIN
28 512 49 84 5 75 46/23/10/20
23 388 78 88 4.8 100 18/17/15/30
30 304 12. st 10 87 27/13/20/40
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1. ~ A conposition of matter conprising: i
of one or nore thernoplastic polynmers conprising one or" G repeatl n
units of the general formula: [err] i i e 4 EER BT )i
wherein R is independently al kyl having from about 1! tp § ‘tarbon atd
b. about 5to 35 w. %of one or nore ester cont atmwﬁg ﬂeﬁ*yner#'t e one
or nore polyners having a nol ecul ar wei ght greater than about 10, 000 _and

i'

3 i Ol UHET S
sel ected fromthe group consi sti ng of : ol ErS T W t h
ester i e R ek O %mmm
nmononer i c | sestss  of ; Fex Malt % Waight Comoositian
Strength Mody Index loes ABI/ICO
Psi Kpsi 180°C 30 days A = PHBY
0 =STARCH
41 270 270 12.8 3.9 28 21/48/1Q/20
42 158 2717 14,7 19.1 [1e] 164/10/4Q
43 70 13/27120/40
B«TONE 70Q
C=G-30
44 1077 83 218 7 58.8 4612310120
45 . ‘ 828 13 182 8 65(701 38/17/15/30
48 596 8 158 16 67.8 27/13/20/4Q
47 736 7 138 7 73.4 30/157115/40
48 1022 s 150 15 63.9 40/20420/20
8 =EVA
C =PEG
49 506 18 95.6 3.4 75 46/23/10/20
50 682 2.7 153 4.2 100 3811711530
B=EVA
C = Triacetin
D =CsCoy
81 1086 111.4 12.4 100 50/10/20/20
52 837 66.7 8 ' 100 40/10/25/28
53 882 745 s - 85 40/20/20/20

As can be seen in Table 2, a fairly wide range of
mechanical and processing properties can be obtained from the
ranges discussed in the preferred embodiments.

The type and concentration of the plasticizer (C) has
a great impact on the melt flow index of the b}end (i.e.,
processability) and on the flexibility and degradation rate.
See Table 2.

In certain preferred embodiments, the ratio of the
PHBV to the ester containing polymer (i.e., PCL, EVA) may range
from 2:1 to 1:2. The rate of degradation is dependent on this
ratio and the PHBV rich compositions degrade faster. For rapid
degradation, the ester containing polymer should preferably not
be present in levels greater than about 20 wt. % where the PHBV
content is less than about 50 wt. %¥. For example, compare the
percent weight loss of samples 2, 3, 5, and 6 with samples 19,
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20, 22, 24, 26, and 41 as reported in Tabie 2.

c. Blodegradation tasts

The biodegradation of the compositions described in
Table 2 was tested in simulated water treatment plant
conditions. The samples were exposed to municipal sludge
pnicroflora kept at 35°cC. These conditions provide a
representative anaerobic environment for the degradation of
flushed disposable materials. The degradation was followed by
monitoring gas evolution and weight loss for thirty days.

EXAMPLE 2
a. Preparation
Materials
AIO6H - Mater Bi® molding grade, a starch-polymer alloy
(Novamont) .

Starch - Clinton 400 corn starch, 1 wt. % moisture (ADM,
Decture IL).
CaCO, - Calcium Carbonate - Supermite, 1 micron particle size,
untreated (ECC International, Syalacauga, Alabama).
Glycerin - 99% pure.
PEG - Carbowax, 600 MW (Union Carbide).
Atmer 129 - glycerol monostearate mold release agent (ICI).
Injection molding grade Mater~Bi® (AIO6H) was obtained
from Novamont in 50kg sealed bags. The pellets were
mechanically mixed with the modifying powders (starch, calcium
carbonate) and liquids (polyethylene glycol, Carbowax,
glycerin) and fed 'into a twin screw Brabender mixer. The
barrel temperature was kept at 160°C to avoid thermal
degradation of starch. Screw speed was 50 RPHM and the total
throughput reached 15-20 1b/hr. The strands were air cooled on
a conveyor prior to entering the pelletizer. The melt rheology
of each composition was determined at various shear rates using
a capillary rheometer from Keyaness (Honey Brook PA, model
Galaxy IV #0052). Films were made by compression molding the
pellets into 10-20 mil thick films (5000 psi, 160°C in a
Pasadena Press) for characterization and biodegradation
testing. sSelected compositions were injection molded into a

N



t he 'group consisting of the units: [err] wherein X is

i ndependently H, C, alkyl having about 1 to 3 carbon ato ”gT%%?ﬁﬁﬁEEEﬁe
or hydroxyl group; R[err] is Hor alkyl having fron1ab0uﬁiﬁfﬁb”"{6UTiZ§ '
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tampon applicator using an Engle 80 ton machlne,thhms -2 QUTCE "
barrel extruder.

b. Biodeqradation Tasts

Bench scale digestion units were set up in one
incubator. Each unit contained a mixture of freshly collected
digested and raw sludges from a waste treatment facility.
Previous acclimated sludge (seed) was also added at about 1.5%
level. The anaerobic digesters were placed in an incubator at
35°C. Each test material (1 gram film, 10-20 mil thick) was
wrapped in a nylon mesh containing glass weight to assure
contact with bottom of the sludge. Weight loss and gas
evolution was monitored for 30 days.

Glycerin and starch are highly compatible with Mater-
Bi resin and their blends produced clear films. In the
biodegradation tesﬁs, it appeared that the synthetic polymer
portion of the Mater-Bi® did not degrade and this preserved the
film integrity. The addition of glycerin and starch reduced
the synthetic resin content in the composition and increased
the degradation rate. In the unmodified starch alloys, around
55% weight loss was measured, which is also the nominal
concentration of starch in Mater-Bi®. The modified resins,
have shown weight losses of up to 88%.

An empirical correlation can be drawn between the rate
of degradation and the hydrophobic resin content in the
continuous phase. The modified compositions' concentration in
the contihuous phase can be calculated as follows:

(Mater-Bi® concentration}) X 0.4
¥ Synthetic resin=

[Mater-Bi® concentration] + [Starch added])

In Table 3, the calculated portion of the synthetic resin and
the corresponding weight losses are shown.



2. The conposition of claim1 wherein the plast|C|ze? ug@iaﬁﬂregtgﬂ e

fromthe group consisting of liquid esters from dibasic alﬁphapheiae+dﬁ: §
havi ng a nol ecul ar wei ght of |ess than about 4000 and haNIhg betmeep 4 to

12 carbon atons; polyesters; and acetate esters of glycerlne‘@wf‘u*dm ?f
The conposition of claim1 wherein the inert filler is selgcted fromthe
group consisting of starch and cal ci wmzgaktbonate. 4. E The :
conposition of claim1l mhereln t he thernDpIastlc poIynerhlswseLected*fehnr
t he group consi sBi 2 < e texy-Eye SE : £

pol y( 3- hydroxyvalerate) 5. Q %pgp05|t|on of claim1l wherein the
t hernopl astic polyner is a copol yne y(3-hydroxybutyrate) and

pol y(3- hydroxyval erate) where the val erate content is between about 5-

25%
Example § A 8 c o) E F G
AIOSH 40 4S8 S0 40 4% 45 100
Glycarin 20 20 20 20 20 20 -
Starch 40 35 30 20 15
CaCO, . - - 20 20 38 -
Synthetic resin, % 20 22,5 25 27 30 40 40
-calcutated
30 days weight 88 80.4 76.6 70.1 68.5 54 S5
loss, % .

The results also indicate that the presence of CaCO, has no
effect on the biodegradation. 1In comparing samples F and G
with samples A - E, it is evident that to achieve a higher rate
of degradation, the continuous phase may be diluted with
starch.

c. Melt Flow Characteristics

The starch compositions must meet certain melt flow
requirements for producing injection molded parts with thin
walls, such as a tampon applicator. The rheology measurements
also suggest that the starch has a strong interaction with
Mater-Bi®. This was manifested in a very sharp increase in the
melt viscoéity. Such phenomenon was not observed with inert
fillers, i.e., calcium carbonate.

As expected, the addition of glycerin caused a
significant reduction in the melt viscosity. At the same time,
glycerin rendered the composition soft and pliable. Although
this had facilitated the mold filling process, it also
necessitated a very long cooling period to prevent digtortion
of the part upon ejection. It was found that the softening
effect of glycerin can be offset by the addition of starch
powder but not calcium carbonate. Hence, for a given amount of
glycerin and added powder, both the stiffness and the melt
viscosity can be determined by the ratio of starch to CacCo,.



%
5|
.}

e P R 0
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polymer is selected fromthe group consisting of polycapral: ‘aot~0'rre‘ et ﬁyTené
gl ycol adipate, propylene glycol sebacate, ethylene glycol ph:*t hal at-ex 097 |
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pol yvi nyl acetate, ethylene-vinyl acetate copolyners, vi nyI' chl 61 de=vi nyI

acetate copol yners, and nethacryl ate copol yners. 7. The COAPOsSTt1 crr\ i
of claim1 wherein the inert filler is $4atch and said starbh has a water i
content of less than about 2 wt. % 8. The corrp05|t|en-ef —ctarm1™

wherei n tirpisnetfett! fer ildustaathbdand el attactledhdd g .t | dligutieza

bet ween abg bs®that modifying the AIO6H resin with 20 wt. % glycerin and
40 wt. % starch resulted in a higher viscosity, whereas with 40
wt. ¥ CaCo, a significant lower viscosity was achieved. Figure
2 demonstrates the simplicity of viscosity control by varying
the starch and CéCO, content. The various formulations and
their measured properties are listed in Table 4.

Table 4

Exam. | AIO6H | GLYCERIN | STARCH | CaCO, | ATMER | VISCOSITY | Degrad-

F -129 1000/sec ation, %
loss, 30
days

Mater-Bi® (AIO6H 4854 55.1

unmodified alloy)

Al 50 20 30 3511 76.6

A2 45 20 35 2210 53.9

A3 45 20 s 5409 80.4

A4 45 20 15 20 2524 68.5

A5 40 20 0 5639 88.1

A6 40 20 20 20 3008 70.1

A7 45 20 30 5 3479

A8 45 20 25 10 3213

A9 45 15 35 5 0.4 | 6380

Al0 | 40 15 30 15 0.4 6187

A1l | a5 15 30 10 0.4 6442

A12 | 45 15 25 15 0.4 5748

A13 | 40 15 25 20 0.4 5517

As | 40 15 20 25 0.4 4736




and 15 nicrons. 9. The conposition of claim1l wherein the. iner——-y
fi.ller is starch and said starch has a particle size |ess thq;rhpap@;ntﬁﬁ SHEET

{
!
m crons. 10. The conposition of claim1l wherein the pj as@veffer‘rs‘"i i
selected fromthe group consisting of poly(ethylene adlpateg polygp%p@@ﬁef i
sebacate), pol y( hexanet hyl ene succi nate), poly(hexanethyl bt
fumarate), pol y(dodecane sebacat e), poLy(tetranEtherne aZeIQLQLNMQL»MJ [
triacetate ester. 11. The conp05|t|on of cIa|n11 mhereln t he %
ther ITDp| amW| 5 M T TT Ot ATTOUUTTE L £ZU U U A() o -
12. Th&xam o jdd2AH: i |oFl-YCBMIN LISaNm‘H 1 caligy e ATMﬁhe ¥SERYI T g ntDaéfm- n%
pol ymer if gpresent injan anmoun{ of abqut 10 [ 0285 W|. %oo/secl3. ation, % 1HE
conpositipn of ¢laim Y wherein|the pldsticizgr is loss. 30
davys
A15 40 17 20 23 0.4 4080
A16 38 17 25 20 0.4 4763
A7 35 20 40 5 0.4 4827
A18 35 20 35 10 0.4 5118
A19 35 23 42 0.4 4810 84.6
A20 30 25 45 0.4 4059
A21 35 23 | 40 2 0.8 4222
A22 35 23 40 2 1.2 3843
A23 35 23 40 2 1.6 3523
A24 30 25 45 1.0 4124
A28 25 25 50 1.0 4903
A26 22 28 50 1.0 4100

A critical balance was identified between the
components that would enable a short cycle molding. A desired
viscosity range of 3300-4200 poise at 100 sec' shear rate and
160°C was identified. Incomplete parﬁs were produced with
higher viscosities and soft distorted parts were obtained at
the lower end. The addition of the flow modifier, Atmer 129
from ICI proved beneficial since it can reduce the viscosity
without decreasing the modulus (i.e., stiffness) of the alloy.
The effect of Atmer on viscosity can be seen in Table 4,
experiments A21, A23, and A23.
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present in an anmount of about 5 to 20 wt. % 14. “C BEpIO; -
claim1l wherein the inert filler is present in an anount of Bﬁﬂt”?ﬂ“?6'40;
w. % - 28 - 15. the; coppasiti on
of claim1l wherein the thernoplastic polynmer is selected fornatﬁe group i
consi sting of poly(3- hydroxybutyrate) and poly(3- hydroxyvaiefaLe;mand~Ph6M
ester containing polyner is selected fromthe group conS|sttng of g |
pol ycapr al act one, et hyl ene glycol adipaté, “propyl ene gl ycol * sepaeatE= " T

et hyl ene ?iﬂﬁy @thalate pol yvi nyl acetate, ethylene-vinyl acetate
copol yner vinyl “chloride-vinyl acetate copolyners, or nethacryl ate
copol yner #reparation of Articles from the Biodegradable Compositions

The following composition was first compounded in a
30 mm corotating Werner & Pfleiderer twin screw extruder:

ek

}
{
i
i
1
!
}
R
1

$ weight
PHBV (7% valerate) is8
Tone 700 16
Triacetin 15
Starch 20
Calcium carbonate - 10
Boron Nitride 1
Materials
Triacetin (triacetate ester of glycerol) - technical grade
(Celanese) .
PHBV -~ Polyhydroxybutyrate-polyhydroxyvalerate copolymer -
(ICI).

Starch - 5 to 10 microns powder (ADM).
CaCO; - Calcium carbonate.
Tone 700 - Polycapralactone (PCL) (Union Carbide).

The PHBV  powder  was preblended with  the
polycaprolactone (Tone 700) pellets and the starch powder. 1In
a cement mixture the solid blend was sprayed with the liquid
triacetin and tumbled for 15 minutes to obtain a uniform
mixture. The blend was then fed into the back of the twin
screw extruder using a volumetric feeder. Screw speed of 300
rpm was used and the temperature profile Qas gradually
increased from 91°C at the back to 135°C at the front. The
actual melt temperature was 140°C. The strands were cooled and
chopped into 5mm size pellets.

Tampon applicators were molded from the above peliefs
using an 80 ton Engle machine with 5.2 o0z. barrel capacity.
The molding cycle time was 14 seconds and the mold temperature
was 33°C. The temperature profile in the barrel was from 141°C
in the feed zone up to 160°C at the nozzle.
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sel ected formthe group-consisting of poly(3- hydroxybutyrate) and

pon(3 nd copol yners thereof, and the inert TIFH@?;%S
starch [Iﬁ lM] mr“m“ Fcontent of less than about 2 wt. %;i ;17.

conpositioncof tcl®im 1 wherein the thernoplastic pol yner

IS be¥ecved for-

the group consisting of poly(3- hydroxybutyrate) and .
pol y(3- hydroxyval erate) and copol yners ereof; the ester contalnlng

polymer is selected fromthe group consisting of pol ycapral actone,
gl ycol adiga&ei,peqayhgae gl ycol sebacate, ethylene glycol phthalate,

acetate, _ethyl ene- V|nyI acet ate copol ypers, vinyl chloride- vinyl
acetate cépol ymersA §ﬁ§ @aLHRA

starch which has aawat erammﬁ got tafvbaa.s thar aheuermcv\te thermoastic The

pol yvi nyl

conpositi

t he groupPE&H?F§§| am8F156P9(3“3h98r8ﬁ§5 SPet

VFRBREL1SHE the inert filler is

on.of cl rein_ the therno Iastt}n ngs |§ E§2‘§§ﬁ§ijﬁ"rﬂ

pol y( 3- hydwemylal:er at e) and copol yners thereof, and the plasticizer is

sel ected

fromthe group
' R o)

(~O-CH-CH,-C-],

(1)

wherein R is independently alkyl having from about 1 to 9
carbon atoms;

b. about 5 to 35 wt. % of one . or more ester
containing polymers, the one or more polymers having a
molecular weight greater than about 10,000 and selected from
the group consisting of:

i. polymers with ester 1linkages in the

backbone, the polymers comprising one or more monomeric units
of the formula:

0 0

[-0-C-R,-C-0-R;],

(II)

wherein R; may be alkane or alkene having about 2 to 12 carbon
atoms; and R, is alkane, alkene, or aryl having up to about 12
carbon atoms; and

ii. polymers with pendant ester groups, the
polymers comprising one or more monomeric units selected from

SR
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consi st+ag—of—poty{ethytene adi pate), pol y(propane sebacate),

pol y( hemﬂmam{"mm at e), poly(hexanmethylene fumarate), poly( dodecane
sebacat yl ene azelate), and triacetate ¢s;e!ﬁ 8 ;‘ L
The conpositi ot off ctai™m 1 wherein the thernoplastic pol ynéﬁ_ iy *gﬂ Ségi‘éd
formthe group consisting of poly(3- ‘
29 hydroxybutyrate) and pol y(3-hydroxyyalerate) and cqpolyﬂﬂﬁsiﬁﬁe&eof |
the plasticizer is selected fromthe group consisting of | pon(etherne;

adi pate), pne Rouprayreniest irse el aitey) urddss( hexanet hyl ene SUCETHATE)”,
pol y(hexanet hyl ene fumarate), |

R
(~CH,~CH~CH,~CH-], (-CH,-C-],
l
X 0 COOR;
l and
T
(III) (IV)

wherein X is independently H, Cl, alkyl having about 1 to 3
carbon atoms, aryl, acetate or hydroxyl group; R, is H or alkyl
having from about 1 to about 2 carbon atoms; R; is alkyl having
from about 1 to 4 carbon atoms; and

c. about 0 to 30 wt. % of one or more plasticizers;
and

d. about 0 to 50 wt. % of an inert filler.
2. The composition of claim 1 wherein the plasticizer is

selected from the group consisting of liquid esters from
dibasic aliphatic acids having a molecular weight of less than
about 4000 and having between 2 to 12 carbon atoms; polyesters;
and acetate esters of glycerine.

3. The composition of claim 1 wherein the inert filler
is selected from the group consisting of starch and calcium
carbonate.

4. The composition of claim 1 wherein the thermoplastic
polymer is selected form the group consisting of poly(3-
hydroxybutyrate) and poly(3-hydroxyvalerate).

5. The composition of claim 1 wherein the thermoplastic;
polymer is a copolymer of poly(3-hydroxybutyrate) and poly(B-'
hydroxyvalerate) where the valerate content is between about S,A
25%.



pol y{dodecane sebacate), poly(tetranethylene azelate), and triacetate
ester; ai ning polyner is selected fron1tq$ugr

consi sti "mmumﬂmﬂmnﬂmct one, ethylene glycol adipate, pr pﬂﬁ%é“@luj?ﬁii
sebacat e pht hal ate, pol yvinyl acetate, et h?l ene- vi ny {
acetate copofyrerd, VJinyl chloride-vi nyI acetate copol ymefs; &wFES 597

met hacryl ate copol ymers. 20. chnp05|t|on of clajn11 mhereln uh

t her nopl asti c polynmer is selected forn1t e group conS|st|hg Tof Tpol y(3-m

h?/dr oxybutgyr at e) ?ndaqaol?cd@ayﬁ@wvaé@r agediand 1comle¢@ﬂml miﬁlgﬁ_egésgd:b@

pl astici zer |s .sel ect romthe onsi sti 0 t

adi pat e) , SONtadNING ersb%aﬁgi geﬁoﬁf@ﬁbx tﬁ§?e§ éﬁﬁ%:égﬁi

pol Iy( he;<a ulgy:la@mlfamtmnat .e)etipplerslodeyand sabipate), ppobyleser eqiatdtyﬂ Sne
azel ate triacet ester st LNi ng, A6t e
fromthe g" t?ﬁact::c?ﬂm etaéﬁg poti’i (g?o al §EF§%2‘E@et’h IengIV r;‘y:ol %&J'pate
propy| ene efhydenesatiayat ecebaml@ww YHIWAl § éorbeﬁywnw agahatie,

et hyl ene- yiy) yaeeisat gnqu@lmr%ﬂla\géneomﬁéf@ vinyl acetate copol yners,
and net hacryl ate copolyners; and the starch ‘has a water content of |ess

than about 2 wt. % 21. . The conposition of claim19 wherein the
t her nopl ast,i c The composition of claim 1 wherein the inert filler

is starch and said starch has a water content of less than
about 2 wt. %.

IS W

8. The composition of claim 1 wherein the inert filler
is starch and said starch has a particle size between about 5

and 15 microns.

9. The composition of claim 1 wherein the inert filler
is starch and said starch has a particle size less than about

5 microns.

10. The composition of claim 1 wherein the plasticizer is
selected from the group consisting of poly(ethylene adipate),
poly(propane sebacate), poly (hexamethylene succinate),
poly(hexamethylene fumarate), pely (dodecane sebacate),
poly(tetramethylene azelate), or triacetate ester.

11. The composition of claim 1 wherein the thermoplastic

polymer is present in an amount of about 20 to 50 wt. %.

12. The composition of claim 1 wherein the ester
containing polymer is present in an amount of about 10 to 25
wt. %.

13. The composition of claim 1 wherein the plasticizer is
present in an amount of about 5 to 20 wt. §%.

14. The composition of claim 1 wherein the inert filler
is present in an amount of about 20 to 40 wt. %.
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pol yner is unt about 20 to 50 wt. % the eblefnapryain SREET
pol yner unt of about 10 to 25 wt. plast ﬁ@+ze& 8
pr esent |n “ WHW‘J to 20 wt. % and the starch i § present 11 {
an anount out tSo A0 wt. % 22. A conpositioniof faffén ¥ |
conpri sing : about 15 to 50 wt. % of a starch- pol*yrrer al | oyk
&hg s%arc? pplygertallﬁy conprising: _ ,g . . abogt “507t0 80 wt.
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polymer is selected form the group con51st1nq of poly(3-
hydroxybutyrate) and poly(3-hydroxyvalerate) and the ester
containing polymer is selected from the group consisting of
polycapralactone, ethylene glycol adipate, propylene glycol
sebacate, ethylene glycol phthalate, polyvinyl acetate,
ethylene-vinyl acetate copolymers, vinyl chloride-vinyl acetate
copolymers, or methacrylate copolymers. .

16. The composition of claim 1 wherein the thermoplastic
polymer is selected form the group consisting of poly(3-
hydroxybutyrate) and poly(3-hydroxyvalerate} and copolymers
thereof, and the inert filler is starch which has a water
content of less than about 2 wt. %.

17. The composition of claim 1 wherein the thermoplastic
polymer is selected form the group consisting of poly(3-
hydrdxybutyrate) and poly(3-hydroxyvalerate) and copolymers
thereof; the ester containing polymer is selected from the
group cbnsisting of polycapralactone, ethylene glycol adipate,
propylene glycol sebacate, ethylene glycol phthalate, polyvinyl
acetate, ethylene-vinyl acetate copolymers, vinyl chloride-
vinyl acetate copolymers, and methacrylate copolymers; and the

inert filler is starch which has a water content of less than
about 2 wt. %.

18, The composition of claim 1 wherein the thermoplastic
polymer is selected form the group consisting of poly(3-
hydroxybutyrate) and poly(3-hydroxyvalerate) and copolymers
thereof, and the plasticizer is selected from the group
consisting of poly(ethylene adipate), poly(propane sebacate),
poly (hexamethylene succinate), poly(hexamethylene fumarate),

poly(dodecane sebacate), poly(tetramethylene azelate), and
triacetate ester.

19, The composition of claim 1 wherein the thermoplastic
polymer is selected form the group consisting of poly(3-

.ewv.,waw,wm:-,m.«,-_-w—-n«-—w
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vinyl acetate molar content of fromabout 5 to 90 % rmglﬁ?éd‘”é'ﬁfﬁ]é”g
vi nyf=acet at e om about 5 to 90 % of hydrol yzed: acetate grodps
ét hyl er‘mm‘ﬂﬂkml‘“‘@“ml ate, ethylene-methyl methacrylate,; ethyith&iial eijc
anhydr i res thereof; ii. a plasticizer prese%t
in an amount about 20 to 60 wt. %of the destructurizedistarch ¢onponent of
(i) present in the starch-polyner allo said plasticizer is selected. from
t he group conS|st|ng of glycerlne '1é%thylene gl ycol ; ethylene glycol;
propyl ene col ; I t 0X t
propoxyIaP§8¥ U%g& é%gof 953 Lg Fggﬁbglgﬁg%ghyc%A@.egﬁanﬁers
gl ycol , ptbpyb@ﬁe ghycpﬂa5§b¢b$@bllSrﬂﬁﬁﬁQQﬁ U&lﬂ§%¥g:ﬁéﬂééﬁtlng

iii. O upo abgy %Q%ﬁg&gﬁew1ﬂh&f§ggg$ toiﬁyqngﬁﬂgaﬁ& th%ebacate

destructurlzed nponent of (i)

t
W . % of pn#uduhﬁxe@eﬁfafrlaﬁ*e AHFcinate), B°1Y(BGMP§FE¥&FBB| él‘JlBP Fiegvzer

cont ai ni ng h%ﬁ@a\écagfeouaabaadtawl rtgon/ (Ed ecathathybeght afelass t handabout
1000. mposi ti.o

o i m22 which fu §H§ c.oImpri,se bout
2 to 20 wfcrl%C&rtaaE‘F F—ﬁ it BPfethe e ’if'r °°“2t%1‘8%r&)‘” nlsofseé‘leg%e
wher ei n t e omn&hle ﬁrbbgrconSLStlng of polycapralactone, ethylene glycol
adipate, propylene glycol sebacate, ethylene glycol phthalate,

polyvinyl acetate, ethylene-vinyl acetate copolymers, vinyl
chloride-vinyl acetate copolymers, and methacrylate copolymers.

20. The composition of claim 1 wherein the thermoplastic
polymer is selected form the group consisting of poly(3-
hydroxybutyrate) and poly(3-hydroxyvalerate) and copolymers
thereof; the plasticizer is selected from the group consisting
of poly(ethylene adipate), poly(propane sebacate),
poly (hexamethylene succinate), poly(hexamethylene fumarate),
poly(dodecane sebacate), poly(tetramethylene azglate), and
triacetate ester; the ester containing polymer is selected from
the group consisting of polycapralactone, ethylene glycol
adipate, propylene glycol sebacate, ethylene glycol phthalate,
polyvinyl acetate, ethylene-vinyl acetate copolymers, vinyl
chloride-vinyl acetate copolymers, and methacrylate copolymers;
and the starch has a water content of less than about 2 wt. %.

21. The composition of claim 19 wherein the thermoplastic
polymer is present in an amount about 20 to 50 wt. %, the
ester-containing polymer is present in an amount of about 10 to
25 wt. %, the plasticizer is present in an amount of about 5 to
20 wt. %, and the starch is present in an amount of about 20 to
40 wt. %.

22. A composition of matter comprising
a. about 15 to 50 wt. ¥ of a starch-polymer alloy,
the starch-polymer alloy comprising:
i. about 50 to 80 wt. % destructurized starch
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cal cium ca nﬂnlwmﬁ about 5 to 10 wt. % of the cpnpositi-of:-—28.
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and about 20 to 50 wt. % of a hydrophobic copolymer selected
from the group consisting of ethylene-vinyl acetate having a
vinyl acetate molar content of from about 5 to 90 %, modified
ethylene vinyl-acetate having from about 5 to 90 % of
‘hydrolyzed acetate groups, ethylene~glycidil acrylate,
éthylene—methyl methacrylate, ethylene-maleic anhydride, and
mixtures thereof;

- ii. a plasticizer present in an amount about 20
to 60 wt. % of the destructurized starch component of (1)
present in the starch-polymer alloy, said plasticizer is
selected from the group consisting of glycerine; polyethylene
glycol; ethylene glycol; propylene glycol; sorbitol; mannitol;
the acetate, ethoxylated and propoxylated derivatives of
glycerine, polyethylene glycol, ethylene glycol, propylene
glycol, sorbitol, mannitol; and mixtures thereof;

iii. 0 up to about 20% urea with respect to the
weight of the destructurized starch component of (i); and
b. about 15 to 55 wt. % of unmodified starch; and
c. a water soluble plasticizer containing hydroxyl
groups and having a molecular weight of less than about 1000.

23. The composition of claim 22 which further comprises
about 2 to 20 wt. % of an inert filler.

24. The composition of claim 23 wherein the inert filler
is calcium carbonate.

25. The composition of claim 24 wherein calcium carbonate
comprises about 5 to 10 wt. % of the composition.

26. The composition of claim 22 which comprises about 15
to 30 wt. % of component a.

27. The composition of claim 22 wherein the unmodified
starch, component b, contains no more than about 2 wt. § water.

28. The composition of claim 22 which comprises about 30



- 31°- t —9 e _unnodi fied starch, conponent b. 29 The.
corrpositionJm o I i.ch conprises about 40 to 50 wW. %IofFPhERCEMENT SHEST
unnodi fi ed ' #ﬂw ”@ b 30. The conposition of icl@im-22wmmmmmm
COn f
31

wherein the starcht the total conposition is in the riange of o
about 55 to 70 wt. The conposition of claim 22 wherei n---f"’fh*”éﬁiiﬁ 4
starch content of the total compositiongj
Wt . 32. A nmet hod of preparing a %lodegradable conposi tii on |
conpri sin@o 55 wt. ¥ &f tbieemn;wﬁ%# A0 B dMpoded wlestructuri zed -
starch with a-hydrophobi ¢ copol yner sel ected fromthe group consisting of
et hyl ene-vinyl acetate having a vinyl acetate . .
29. The composition of claim 22 which comprises about 40

s_in the range of alout.60.tQ 65 __ |

oS ucnomn

AR 213 AN S bt sl _-.J

to 50 wt. ¥ of the unmodified starch, component b.

30. The composition of claim 22 wherein the starch content
of the total composition is in the range of about 55 to 70 wt.
$.

31. The composition of claim 22 wherein the starch content
of the total composition is in the range of about 60 to 65 wt.

%.
32. A method of preparing a biodegradable composition
comprising:

a. blending about 50 to 80 wt. % of destructurized
starch with a hydrophobic copolymer selected from the group
consisting of ethylene-vinyl acetate having a vinyl acetate

- molar content of from about 5 to 20 %, modified ethylene vinyl-
acetate having from about 5 to 90 % of hydrolyzed acetate
groups, ethylene~glycidil acrylate, ethylene-methyl
methacrylate, ethylene-maleic anhydride, and mixtures thereof;
' b. Dblending the product of step (a) with a
plasticizer selected form the group consisting of glycerine;
polyethylene glycol; ethylene glycol; preopylene glycol;
sorbitol; mannitol; the acetate, ethoxylated and propoxylated
derivatives of glycerine, polyethylene glycol, ethylene glycol,
propylene glycol, sorbitol, mannitol; and mixtures thereof,
said plasticizer is present in amount about 20 to 60 wt. % of
the destructurized starch component of step (a);

c. optionally blending the product of step (b) with
up to about 20% urea with respect to the weight of the
destructurized starch component of step (a);

d. blending the product of step (c¢) with about 15
to 55 wt. % of unmodified starch and a water soluble
plasticizer containing hydroxyl groups and having a molecular
weight of less than about 1000. .
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wei ght of dogssl ytoears aiymartedfjO@ith an amount of about 0 to 30 wt. % of a

plasticizer selected from the group consisting of poly(ethylene
adipate), poly(propane sebacate), poly(hexamethylene
succinate), poly(hexamethylene fumarate), poly(dodecane
sebacate), poly(tetramethylene azelate), and triacetate ester;

b. blending the product of step (a) with an ester =~
containing polymer selected from the group consisting of
polycapralactone, ethylene glycol adipate, propylene glycol
sebacate, ethylene glycol phthalate, polyvinyl acetate,
ethylene-vinyl acetate copolymers, vinyl chloride-vinyl acetate
copolymers, and methacrylate copolymers;

c. blending the product of step (b) with an amount
of about 0 to 50 wt. % of unmodified starch having a water
content of less than about 2 wt. % and a particle size of less
than about 15 microns.

34. A shaped article formed from the composition of Claim
1.
35. A shaped article formed from the composition of Claim
22.
36. A shaped article formed from the composition of Claim

32 which is a tampon applicator..

37. The shaped article from the composition of claim 33
which is a tampon applicator.
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oG, A method of preparing a bi odegradabl e Eposaih :
conpri si ng:

a. blending about 10 to 70 wt. ¢ of “GRE™0r nor e |
thernopl astic polynmers selected fromthe group consistif

-y, iva
pol y( 3- hydr oxybut yr at e) and

f 23 % « IrEd
pol y( 3- hydroxyvalerate) gscopolynerq
t hereof; with an anount of about 0 to 30 w.

% of a plastlghzef“serected
fromthe group consisting of poly(ethylene adipate),

gol y( propane ..
sebacate), pol y( hexanet hyl ene succi nate), pon(hexaﬁetﬁyIéﬁé

fumar at e), pol y(dodecane sebacate)T 3dly(tetranethyl ene azel ate), and
triacetate ester;

b. bl endi ng the product of step (a) with an
ester - containing pol yieltselRrsasssapd® t Bdodegypdebasi sti ng
pol ycapr al act one,

of
et dmpesie gy cAndad gé'tl@leﬁr oFﬁ?ﬂéneTgﬁ—‘?@glrc’g‘ebac ate,
et hyl ene gl ycol phthal ate, polyvi

e, ethylene-vinyl acetate
copol yners, vinyl 1HECWiﬁ¥hd%ibﬂ éﬂﬂ%gCOEQh%%EES ogndtherhaplyseie,
copol yners;

bl endi he product of ste %b) t.h a anDunt

of about WQ%%@WlQ’A) 0F°B’r?r?(§dltg1%é‘& ‘st af eR-Ravi &ﬁ er e 2Ends .
compositions exhibit good mechanical properties, and readily
degrade in the presence of microorganisms. The compositions of
this invention are useful for producing injection-molded, thin-

walled articles that are capable of appreciably degrading in
the sewage .system within thirty (30) days.

FIGURE 1
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