; TUe3eC@ " | ODEGRADABLE EXPANDED STARCH PRODUCTS AND TZE .
METHCD COF mmmm%“ﬁ 63 GG 5 This invention relates to biodegra (L4 2002
expanded or foaﬁﬁ&ﬁlﬁstarch products includi ng packagi ng products having | ow
bul k density an ow dustiness properties and further to the nethod of

preparing such products. Starch, a regdily avail abl e bi odegradabl e nateri al

has been used to prep I #ﬁd'tﬁ{ aped products f
di f fer ent pur poses. S%n(gow L%ag)? ;Eb;??]é ggts an(fwgr:elr uses ar ‘“\\\“(“\\ ““‘\“\
described in U S Patent W@TBEMHQB@%W%W@N% both issued t

Lacourse et al on July 30, 1991 and August 27,1991 respectively, showi ntj6iss®
the extrusion of starch having high anyl ose content of at |east 45% by

wei ght into expanded packagi ng products. U S. Patent 5,095,054 issued to G

Lay et gl on Margh hQentid® Pedatld wbra&&_&d%newxp%a&tdrqomdymh GRdmasi tions

conprising destructurized starch with a variety of thernoplastic polyner
material s. ildRFQ ReKERPFIdrdRBE halifd lbWeukodhnbityeshdabdl dUsiRBEl frogstiestaaches with

pol ymers such as polyolefins, vinyl polyners, polyacetals) polyesters,

pol ycar bonaiire®r topid ryiethdedf preperird. sudtgrofagtsent furt her di scl oses processes for
form ng such conpositions into shaped articles. In recent years, because of
its ready avail abarth,tey readty eveilahiohiveedradable rhatedahdiay b2en 25ed3@ prepare
characteristics, nunerous attenpts such as those descri bed above, have been
made to f orfeanadafilhangnethért shapker producisvies differer rdiobes: efeme pbithass starc her

di scl osures include U.S. Patent 5,393,804 issued February 28, 1995 to E.
Geor ge 18t grodupts @Rd §18iwaes: ae dessrirast ' - Betent Nase PA35 830 3y G438 Pelbabl e

COMpOsi t| ons corrprl sing converted or ?ergr aded starch of | ow nol ecul ar

wei ght , 15484 toc\-Z&Posfaetal R HdY 380199 PEAUMIHEHER | dPPErier owED o 712
883 bl f f ed

starch héi?mege“{a%apﬂfcsm%i}%% Rl amySe oS 1ot ¥ iBsL TatHoudeB g, - 1
sui tabl e PLRBLL) B e MBI RS Soupey RLAEES INRY Bt 361 05ed

for, they ge era not beén sul i c&tT 6ns Wher e 't he
conbi nat | onggs dlgawepmekm(gn%ﬁé bofyndks c%;l)dsm@r% &%qulﬁé @é&'trpétuﬁzte&' stQIrch hRKY

enbrittlenment is require Thi s usually occurs where | ow bul k density

st ar ch 1pr oGutisty af eheRRdpNE 1P p SRR efkifIRGA UIFEs & bshp Rt SiLIsd I SiegRRRTealahy becone
nore brittle as bulk density iIs 21 0 CT 2002 2 reduced. This is

especi al | y unmadifiedn stprcbed aliith gofymedusich 4s0polpadafiiagvimg pojyplerss golyssetalsuch as

| oosefill where products with very | ow bulk density and good flexibililty
or | ow enbmplyestersepdycarbenatese delvkthquaretd. cTheapdtgnt dirthbogisdlaseapiogesshifer di t y when
the problemis nost pronounced. 5 Now it has been found that starch based
product s hd¥ming steveonpeitions inde shepethaitidlesw dusti ness or enbrittlement are
obt ai ned when using sel ected al kyl ene oxide nodified starches in

conbi nation witH ﬁ%FbY%d’eﬁ‘iﬂs?\ﬂf ity 1ready RYRPiIY \gideeyisprmeatalafmepdy ¢ hi s

| nvent 58 n Icﬁargcl:tgrle?gsecri\ur%grogs la?tlte(l?ncg) sucﬁi%ls3 Itheosee )égs%ﬂgeedda o(/g %\%[ been made to

form starch and its derivatives into different products. Other disclosures include U.S.
Patent 5,393,804 issued February 28, 1995 to E. George et al which shows the formation
of articles using biodegradable compositions comprising converted or degraded starch of
low molecular weight, a plasticizer and alkenol polymers. Ancther disclosure, EP O 712
25 883 published May 22, 1996, reveals the formation of shaped products using starch
having a particular particle size. While these methods offer suitable properties for the
particular type products they are disclosed for, they generally have not been suitable for
applications where the combination of low bulk density as well as good flexibility or low
embrittlement is required. This usually occurs where low bulk density starch products are

30 being prepared because such products generally become more brittle as bulk density is



having | ow bul k density of less than 0.45 Ib./ft.3 and | ow dustinesg cﬁCTZUZ
|l ess than 1.0% at 10 10% relative humdity and 23C conprising: a) nDJi |eg
st.arch having an anyl ose content of about 10 to 30% by wei ght and nodified
with about 2 to 6% by wei ght of bound al kyl ene oxide having 2 to 4 carbon
atons, and b) fromabout 8 to 15% by wei ght of hydrol yzed pol yvi nyl

al cohol, based on_15 the wei ght of starch, having a degree of hydrolysis of
from about "&BCeb TYRE egpficilly }%Nﬁe'ﬁtpf%ﬁmﬂ RFcHes for @p%@@gg pePliERENHBHAGE of
preparing the expanded products descri bed above wherein_the conposition

compri si ng 'W8Efl'f WBHESPRRFYAS B YRGBy yHd 95851y AR/ 1908¢ B O Q¥ r uded i n
the presence of 17 to 25%t ot al isture content. A biodegradable, |ow bulk
denst ty. | GRPRULETh R Breq. G BHEVI IR BrOUNer Setoea e Fest i n
accordance m%%h this invention by expanding a selected nodified starch in
conbinatioﬁ“hn?ﬁe'ydrolyzed pol yvi nyl al cohol. The starch material used in

havi ng n amyl oblvdaneann B ShRheH A EuaE B R 0K HRR BRI B, 007

havi ng an anyl ose ‘conten y s’ I ncludes

starch obt 3 aadsd grogrhmt en?%%r&?ér}e%r n??sén%ogeﬁbctegoétl dhe Jx%@%;ﬁ&o?ﬁed"‘heat 1

rice, sago, and 25 sorghum and preftera rn an p1 oca. e starch

mat eri al  t RateneSintsRfinktbntith BydrBly2B oAy Sicsefi 1 ed by etherification wth
al kyl ene oxide, particularly ¥hose containing 2 to 4 and preferably 3

carbon atons or ny®parti@nely Otis Gventibh & @idBiddto 8hioBBEtadabrAdxbaYel PrddbFOr t ant
and nore particularly from 21 0 CT 20D2 3 about 2 to 6% by wei ght of
bound al kylhevieg owi talék demeitypafedsartizdnl o/45 Ibofind adpoiol dBstinesHéb leds thaund%adtkyl ene
oxi de is used. The pol yvinyl al cohol conponent used in this invention is
hydr ol ¥@ed 1a%delativedupiity rnd24€ cympiaing:i al |y to fully hydrol yzed. Pol yvi nyl
al cohol is a well known, commercially 5 avail able product prepared by the
hydrol ysis of p@)yvi myadifigd steephdaving an amyigsgiceatentyof alqut & ks 0% by weight

and modified with about 2 to 6% by weight of bound alkylene oxide having 2 to 4 carbon

atoms, and

b) from about 8 to 15% by weight of hydrolyzed polyviny! alcohol, based on
15  the weight of starch, having a degree of hydrolysis of from about 88 to 99%.

This invention further relates to the method of preparing the expanded products
described above wherein the composition comprising modified starch and hydrolyzed
polyvinyl alcohol is extruded in the presence of 17 to 25% total moisture content.

A biodegradable, low bulk density, low dustiness or low embrittlement product is

20  provided in accordance with this invention by expanding a selected modified starch in
combination with hydrolyzed polyvinyl alcohol.

The starch material used in this invention may be any of several starches, native
or converted and having an amylose content of about 10 to 30% by weight. This includes
starch obtained from plant sources such as corn, potato, tapioca, wheat, rice, sago, and

25  sorghum and preferably corn and tapioca.
The starch material that is used in this invention is modified by etherification with

alkylene oxide, particularly those containing 2 to 4 and preferably 3 carbon atoms or

propylene oxide. The amount of modification is important and more particularly from



grades defined as partially hydrolyzed to fully or super hydrolyzed 2h@CT 2007
havi ng a degree of hydrolysis of fromabout 88 to 99% The preferred

pal yvi nyl al cohol is fully hydrolyzed having a degree of hydrolysis of from
about 97.5 to 98.9% The viscosity of the polyvinyl alcohol will vary with
the nol ecul ar weight, and is neasuredg n centipoise of a 4% 10 aqueous
solution at 20C. The useful viscosity Tange is fromabout 2 to 50 and

pr efer abl y 3PPHt2Ha 5 Bhwpiohth Haunssaliyishaoxide apg prsterabiynfqnh ek 3 togvesofhi gher
range typically relates to a weight average nol ecul ar wei ght of about

130, 000 tobfﬁ’@%/@m?,”e&“ﬁ?r@ Us%t nole. The amount of pol yvinyl al cohol used

will be from aboﬁ;‘t 8 to l1%/? and Ereferabl% about 10 to 12% by wei ght, based
on the weight of "§tPRPYRY! ae8herigamensaleRed i BYRREiD iSrYdakFed B THFs

vent o DaG0R) A ARt Bob i SESL Bl TR Lo
oxtrUsi n ¥ a5oRRtoteNeea RS0 IR BBy REH RFEnYGE SRS, lSe Al M 7
SLarCh TRt SHdh bl DS RS U 8 b Bl By BOHE d Bodplle by el O
starch mat efbdlysis bpéeh BBt TBUS Q0B MRIPLieRAMNRRnyI scof&ilid RAE h?d?olkﬂe@' ude the
residual noisture in the dried starch, a%sor ed noisture fromthe

at nospher e raviflg wakgee bEthdiol sk REfrEX bEEST.5 tol §Eockh e MREVIGobHyef ki doly@in@xt r uder
during processing will generally range fromabout 100 to 250C and nore
par ti cul ar [ajcohslomill aeyutitil 512 holedUHd weidhk) dhdeipanéaagretl he centipaiseled a #wsefi | |
products of this invention) the extrusion 25 may be carried out using a die
near tRE@ exaqrealssoldicncha?Ge Toa dsedul distmity rggeis dom appw 23w b@amf préfednyabout 400
to 2000 and Fref.erably 750 to 1200 psi. In order to better facilitate the
processi ng pthethighestange of abewirS4p 60 sentinpise. f Brisrhihesmangk tepiogthoglatas @t h t he
desired properties of |ow bulk densi tgéand | ow enbrittlenent, a nucleating

agent may G K99 ROISEHRE dvaigt ohabaub 430.0R%: ter 1884000, TgRamy, Y BPlea Mibcl eat i ng
21 0 C T 2002 4 ent. is helpful in jnproving the cell structure as well as
ot her desi raé??uﬂtr(g%g&wyg?lc%l Fﬁfg V@'L?%ﬁﬁ%:gab?\;\l’ 83‘21&?02 a\’/gf’rief?fﬁb'yﬁ%(?lﬁtegqtlong agent s
may be USG%&J‘W%&&%Q&M&ﬁéﬁ&%@f’&%ﬁtarCh products of this invention.

S i ncl ude

Such agent any i1 norganfc salt 'or m xtures thereof and especially

al kal i getal or Alekabiiigd 9@{&%@%@&7@@thigdmu%na@w PRINISHERl &a S Sodi um
chloride, and magnesiumsilicate (talc). so useful” are the oXides of such
netals, e. Jow dIRBERT WI drtiRmeMGrdarepatEd B bd8sio bR SHIERRBMBbEORY
products such as alumna and alumnumsilicate and silica, all found in
clay, may afsedlfied starenl aashysedijzed BolivirlyPaledhaD dar dlnket Hereill OR cadyild duaiea. The
preferred nucleating agents are sodiumsulfate and talc. The nucl eating
agent nmay Rxtruge@dprpeesanbiaimortant thdsdg to Bbistuce donkit bijtheveterghtmaderi! 0
preferably fromabout 0.1 to 0.5% by weight, based on the weight of starch.
The use of Ruertadennedt alpupiof plout 17 tadafetby wieiohbanaryeferally oyt 1&ta122%\ i ch may
be present in the starch. This includes residual salts such as sodium
sul f at é'%and”eé%'i RAFL AT Biei qﬂé-.""e'ﬁhte“tséﬁr%n mglerigle SOl AOiskiER o WRHSCINFRt Bat i ng
SOSr oy BB G EL BR 50 Bt by SR B bR oI
starch. 15 r ristic of the_starting nmateria ich.can aid in
t he extrusi %}ﬂ% rg%e%@mggégedmtéltbe §)s(mfdﬁre r@% S?T?eﬁ%urﬁr%g%er £ %(téu\gg%)? Drt'rﬁe
expanded productisy Wil gbiEast [ ' particle
OLEL e b gh a5 106 Roh S0 RB 1 f05. Sl flore AurBble ol

size of from abo m crons and nore par rom about 600

Lo 1200 M CoRNs 20086, BaRbaFRYRE ekfinis 1Bodkfl RORERSH IilnRAfbrPe WhéARRna uni f orm

closed cell structure. In order to tain starch feed material having 20
such pasti chey i5d @erieddunNRing RikiAWMAe A%treNPRGEg8 kAN BN ARG a dRTEE0IY
referred to as chilsonating, may be used. The expanded products of this

i nventi on cdfpmizbouid0s el 2000 et mefeliably @b wt1aowsi.i n conbi nation with
hydr ol yzed pol yvi nyl al cohol have good flexibility and strength properties.
A particul arly desrdeatsl tettpriagidate theiprockdsingfob theesthrer adpogitionsant femedgny | ow
enbrittlement it 25 exhibits as evidenced by | ow dustiness of |ess than

1. 0% at | ovefrapedicyevithuing desirgd PicPefties Ahbvhiadk dasity et mwdershrittermiesi, Rg
property is the very low bulk density (< 0.45 Ib./ft3) which the forned
product s exMiclsptng apRetgeaycinTinbiyelp gidepdr the deedphaierial. hEheuwsief dramuslestied cel |
structure which the expanded products possess make themuseful in a variety
of applications and especially packagi ng applications such as | oosefill.
Loosefill is a



21'0 Ct 2002 5 packaging material, filler, insert or packing el enepj pehope
purpose is to provide resiliency or an ablllty to absorb i npact Ioads or
vi brational energies. The |loosefill material should be free flow ng and
fill any voids so that the contents of the package are imobilized and
cushioned. 5 This invention is furthergillustrated by the follow ng
exanples with all parts and percentages-gi ven by wei ght and al
tenperatures in degrees Celsius unless otherw se noted. The foll ow ng
procedures #ganeis Hirpimpeqviag heneelltshectérn s avell @8 other gegied peapertiesindhe t he
mat eri al being eval uated as specified throughout the specification and
claims. 10 BORRIGENSIUF YRIOYS THELRYD9 RIUENTRY fe yFed AP PR e FXPHYeES i | |
products of this invention were determned as follows. The expanded

| oosefi || nElf&hiRIURIgsL! ﬁh'%wH‘tPPl 216h ép?ﬂt%&c'ug? &8Y ‘%%R'@rsak‘&é’?yg‘ge%erl es

ﬁg?énclh(eoﬁ’ﬁggkeg evﬁ?sgsg%%cﬁka Srekele S8 i @tﬁ%”ﬂﬁﬂ %iﬁ%s&%@g Test
T fied
Thearrrant ShaBhorkR! ankiegRARRT Hitie @83 Ak Lee LS on iR BELCRRERIS | o0 |
o b, oSt eotaRRandl LIANGY R L DEORRS, SEl s 00 AL Vo

humdity ( our ti roxi mat e

the conditi gﬁlﬁgu%ﬂ%%ﬁh?étg aﬂ@glﬁt{a' é‘ll fo\ﬂ\@cﬁln%%qeﬁlia)tr le@bér uE@’:J éso\pellséset%mm' nt Can

This can ha een nodi d such that theré were wire nesh screens 1.5" from

the top andphaidisidflast i athe JroRrE® hlkiRPENbRBE #E SodlimDNde Ry &Raped with
a wdth of 5 mmand length of 10 mMm The can cones apart in the mddle to

facilitate fThenadidting agendimayte eepandedus of apseids! to Mg iy ateigindnd s hel d
t oget her by a gasket:

10 preferably from about 0.1 to 0.5% by weight, based on the weight of starch. The use of
nucleating agent is in addition to any residual salt which may be present in the starch.
This includes residual salts such as sodium sulfate and sodium chloride. The total of
residual salt plus nucleating agent in the starch feed material will be from about 0.5 to 1.5
and preferably from about 0.75 to 1.25% by weight, based on the weight of starch.

15 Another characteristic of the starting material which can aid in the extrusion
processing as well as the resulting properties of the expanded products is the starch feed
particle size. A starch feed particle size of from about 400 to 1600 microns and more
particularly from about 800 to 1200 microns has been found to help in processing and
provides a uniform closed cell structure. In order to obtain starch feed material having

20  such particle size, 2 method known as compact granulating, commonly referred to as
chilsonating, may be used.

The expanded products of this invention comprising selected modified starch in
combination with hydrolyzed polyvinyl alcohol have good flexibility and strength properties.
A particularly desirable property in the formed product is the very low embrittlement it

25  exhibits as evidenced by low dustiness of less than 1.0% at low relative humidity (10%).
Another desired and surprising property is the very low bulk density (< 0.45 Ib./ft*) which
the formed products exhibit. These combined properties plus the uniform closed cell

structure which the expanded products possess make them useful in a variety of

applications and especially packaging applications such as loosefill. Loosefill is a



3. The paint can was placed on a paint can shaker (Red Devil 5400 pay' f'bCT 00

m xer) and shaken for 30 m nutes; 21 0 CT 2Q0! 6 4. The expanded

mat erial was separated fromthe dust and then wei ghed and the percent (%

dust determ ned using the following formula: [(W W)/W] x 100 = % dust by

wei ght where: 5 W is the initial weight of the expanded material before

shaking, and W is the final weight the expanded material after shaking.
rn.starch nodifi e th 3% b und

ropyl ene 5% aaNa Gelpe ef v B ERaT G b B T Bl riBF oy zec
pol yvi nyl Lgr(?%ﬁlli (OP\{A%) b( @E%;Y%adégr lb%(t%hglaelalar%letér e ogeflPrn%%]l%F@ @ake

Chem cal s I'n¢ W N SCrew, I anet er

ext ruder . MQ'fra&EmngA%mqwm dsg s 15 t o{r;tég ofthgoogsu gamﬁmtoeﬁ?édaﬂ@l sture of

the starch to about™ 20% and additiona out o by wei ght of talc was
added as apiHidne@ti ng agent (the starch feed materi aI cont ai ned about 0.98%
of residual sodiumsulfate). The hul k density of the expanded product as

wel | assthe % dunisiim@ponat (k% Nedtraiet o the! Fislity exdnthied hitv@ispaieasdir ed usi ng
procedures described earlier and are shown in the follow ng table.

Conpar at i V@esantdes pivsartg wekghe abts Bin@nperaturst inlderee 0 sigalpbss sthériveit t he

pol yvi nyl al cohol and anot her sanple w thout propylene oxide nodification,
and the proptedties of bul k density and % dusti ness neasured and al so 20
shown below in the table. Sanple Material 25 30 A Corn starch B Corn starch
C Corn starch DThgfaiawing brocgeurds| veane Weld' to Betetreraet the claradieristic properties of

TABLEModi fi cati onnount PVABul k Densi tyDustiness PJQb

ft 31 €59. 90 .tygpaterinl beimpevelygted g specified Hpgghaybihe specifigalign endFEMS50. 560. 61- - - 200

. 550. 510

BULK DENSITY TEST
The bulk density of the expanded loosefill products of this invention were
determined as follows. The expanded loosefill material was placed in a stainless steel
beaker (Ohauss series 800). The beaker with material was then weighed using a triple

15  beam balance (Ohauss series 800) which measures directly in Ibs/ft®.

DUST TEST
The amount of dust for the expanded loosefill material under specified conditions
was determined as follows:
20 1, The expanded loosefill material to be tested was conditioned in a humidity
chamber set at 10% relative humidity (RH) and 23°C for a 48 hour time period;
2. Approximately 15.0 g of the conditioned loosefill material was added to a
1 gallon steel paint can. This can had been modified such that there were wire mesh
screens 1.5” from the top and bottom of the can. The mesh openings are diamond
25 shaped with a width of 5 mm and length of 10 mm. The can comes apart in the middle to
facilitate the addition of the expanded or loosefill material and is held together by a gasket:
3. The paint can was placed on a paint can shaker (Red Devil 5400 paint

mixer) and shaken for 30 minutes;



hi gh anyl ose corn starch containing 70% anyl ose cont ent 21 OCT 20U 7 0CT 7002
The results show that when using corn starch nodified with propyl ene oxide
and fully hydrolyzed pol yvinyl alcohol in accordance with this invention
(Sanple A), a good expanded foam product was formed which exhibited a
surprising conbination of low bulk 5 dgnsity as well as | ow percent
dustiness or low enbrittlenent. In conhfrast, when using conparative sanpl es
of corn starch, gne w j j f ' iﬂwl and one
wi t hout pol yvi ny?" al co gl(%yéagg%ré;Réleg?swag)(%eﬁggﬁpgﬂogneﬁgi%%nag% theé?%po%%iusti ness
vere. signi f 68l ol @PbudieRhe AR B Id BRkiNGorfiRial e product prepared

usi ng the conposition 1 h accordance with this’invention. Conparative

sanpl es (D and EjweygviBaR 441416 3 wiiggh 10 anyl ase corn starch, Hylon VI,
a product of National arch and Chem™cal Conpany, containing about 70% of
anyl ase content. yBelh sanples were nodified with propyl ene oxide (PO wth
sanpl e D containing no polyvinyl alcohol (PVA) and with sanple E containing
pol yvi ny§ al cohol. Wiiw & thehhiaSasimnt 6/3hecaxpiraiet etdtearial vatore/&laying, @wd anmount s of
dustiness, both had significantly higher bulk densities than the products
of this invention. 15Wsahdfiral ceipipar e expendaindterjal sfenphaing. was nmade usi ng
wheat starch with 20% of pol yvinyl alcohol and resulted in a product with
good dustiness properties but with high bulk density. 21 0 C T 2007 8
What is clainmed: 1. A biodegradabl e expanded product having | ow bul k
density of less than 0.45 Iblft3 and | B¥AMRIS i ness of less than 1.0% at 10%

relative humdity and 23C conpri si n(_?.: 5 a) nodified starch having an
anyl ose content & SaMPEnefA8ELstarED MasTisduithy %aly Weehth dorRsdRPRRIe\PICR about 2

to 6% by.wei ght of bound al kyl ene oxi de having 2 to 4 carbon atons., and b
o bt ettt ie 58 o i S B singon eond T RERD A TRE on’ i ha
wei ght of star.c havij.n eqr of . ralysis of fromabout 83 to 99% 10
2% O oroateiiate rARANBRAE IS Cndincll HHe) o Saiied OLhAY St Rord 00

consi sting 9]:?{”%% APy er;g)g{j@&g- Mgisg;lé&?aéaﬁ HQF tﬁ’% egﬁgmozbrwgetﬁ@it |t he

starch is no led wt t of 15 al kyl ene oxide Trom about 10

to 12% of pawiswir&yl thebeRA absut ¥8%thnd 4ddildMiyPERHUE Lo R Tby WeRihMBahgs ei n the
al kyl ene oxi de has 3 carbon atons the pol yvinyl alcohor is fully hydrol yzed

with a degr egddafashyilicebingi spe ot (tHers@mrotoetinatal 2ori@in@BatdYe @08h hesatar ch is
corn starch. 20 5. The product of Caim4 which is a |oosefill packagi ng
mat eri ald  sodium sulfate). The bulk density of the expanded product as well as the % dustiness at

10% relative humidity and 23°C was measured using procedures described earlier and

are shown in the following table. Comparative samples were made using corn starch, one

sampie without the polyvinyl alcohol and another sample without propylene oxide

modification, and the properties of bulk density and % dustiness measured and also

20  shown below in the table.

TABLE
Sample Material Modification mount PVA Bulk Density Dustingss
% PQ % Lb/ft? %
A Corn starch 5 9.9 0.38 0.73
25 B Corn starch 5 0.74 67.00
Cc Corn starch 5 - 0.92 67.00
D Hylon VI ! 55 0.62 0.47
E Hylon VII ! 5.5 5 0.56 0.81
F Wheat starch 20 0.55 0.5
30

' high amylose corn starch containing 70% amylose content



6.- A method of preparing an expanded bi odegradabl e shaped product havd h§CT 2002
| ow bul k density of less than 0.45 Ib/ft3 and | ow dusti ness of |ess than
1.0% at 10%relative 25 hum dity and 23C where the conposition which
conprises: a) nodified starch having an anyl ose content of from about 10 to
30% by wei ght and nodified with about 2 to 6% by wei ght of bound al kyl ene
oxi de having 2 to 4 carbon atons, and™ 21 0 C T 2002 9 b) fromabout 8 to
15% by wei ght of hydrol yzed pol yvinyl al cohol based on the weight of
starch, having a degree of hydrolysis of fromabout 88 to 99% is extruded
at a total noisture content of fromabout 17 to 25% and at a tenperature of
from about 100 to 250C. 5 7. The nethod of Caimé6 wherein the starch is
sel ect ed from t hEhegealip somntheistiengising cororstar@mdodifgivatd arop8lend edenamdhod of
Claim7 wherein fromabout 0.05 to 1.5% by wei ght of a nucleating 10 agent,
based on t Helyweidephrzed polgtirat glhohol & agserdensa avith Heds givantioh (Bempled.f4 eebdwi t h
about 3 to 5% of al kyl ene oxide and from about 10 to 12% of POl yvi nyl

al cohol i s exg@ied franmeduskapi@mestd Wi exniBitagfesuErrising IFeMBinatios 19f oy telsr n
starch, the nucleating agent is selected fromthe group consijsting of

al kal i Ret dlengihesaVe-As; '% PergpRtIfuUptPesa ordlay eaREHeM e HXF‘HIé@St ‘é(I“ﬂ‘n‘IsH’g

I I t I dtit dt full
ﬁySPLI‘ETeZ'ﬁﬁraﬁveo%bwké%a%rﬁwa%ﬁ%%ghﬁ‘pwpﬂ%eﬁo%@é dghoads SR 10 The
met hod of CI 09e Nthouﬁ&o%fvmx ;\8{(89%% R&r% h% enSIty arpoa't%k@/gcliurégness Wi rreI al .

.A@F. A@\Y.5
v xeni uglealstlalsalerlaalen C&I@@%ﬁ@g&%gﬂk@%&@ absidskl fal cal cal o
)) ©))) } xsnideglisaloahaa] fadea] C@Jn%}aqaaa £l 07ae) Gakimgaknghomhcal oal cal
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dustiness, both had significantly higher bulk densities than the products of this invention.

15 Another comparative sample, sample F was made using wheat starch with 20% of
polyvinyi alcohol and resulted in a product with good dustiness properties but with high

bulk density.
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weight and modified with about 2 to 6% by weight of bound alkylene oxide having 2 to 4
carbon atoms, and
b) from about 8 to 15% by weight of hydrolyzed polyvinyl alcohol based on
the weight of starch, having a degree of hydrolysis of from about 88 to 99%.
10
2. The product of Claim 1 wherein the starch is selected from the group consisting of

corn, and tapioca.

3. The product of Claim 2 wherein the starch is modified with about 3 to 5 % of

15  alkylene oxide from about 10 to 12% of poylvinyl alcohol is used.

4, The product of Claim 3 wherein the alkylene oxide has 3 carbon atoms the
polyvinyl alcohol is fully hydrolyzed with a degree of hydrolysis of from about 97.5 to
98.9% and the starch is corn starch.

20

5. The product of Claim 4 which is a loosefill packaging material.

6. A method of preparing an expanded biodegradable shaped product having low
bulk density of less than 0.45 Ib/ft> and low dustiness of iess than 1.0% at 10% relative
25  humidity and 23°C where the composition which comprises:
a) modified starch having an amylose content of from about 10 to 30% by
weight and modified with about 2 to 6% by weight of bound alkylene oxide having 2 to 4

carbon atoms, and
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9. The method of Claim 8 wherein the starch is corn starch, the nucleating agent is
selected from the group consisting of alkali metal and alkaline earth metal salts and

15 oxides, alumina, aluminum silicate, silica and titania, and the polyvinyl alcohol is fully

hydrolyzed with a degree of hydrolysis of from about 27.5 to 98.9%.

10. The method of Claim 9 wherein the product is loosefill packaging material.



