WO 03/ 059756 PCT/ US03/ 00827 BI ODEGRADABLE OR COVPOSTABLE CONTAI NERS Thi s
application clains priority to U. S. Provisional Application No. 60/348, 003,
filed Janwarog/oidrse 2002. FI ELD OF THE | NVENTI ON Thi s appl i eatriuse3/mes27 n t he
field of biodegradable and in particular conpostable containers that can
hold itenms in a dry, danp or wet condition. The products are based on

novel starch conpositions that can formand nmaintain a hydrated gel at |ow
tenperatures. BACKGROUND OF THE | NVENTI ON Materi al s such as paper,

paperboard, plastic, pgloPtEGRADABIENORVOMIGSFABLEBCONPARNERS |y used in
enor nous quantlty in the manufacture of articles such as contai ners,

separators, dividers, lids, tops, cans, and other packaging materi als.
Modem processi ngy, l&ﬁsr‘fé‘lgih{% bRAEND Y. ProvadibRIA pRlickiSHENS. 30328,003,! | qui d
and solid goodsglE (l)sa@glst ored gb|cr)lac)§y£1{ged a(hd 1shl p8§§ |ln packaging materials

whi | e bei ngfiled danvary dd, 3008m harnful el enents, such as gases, noisture,

| i ght, m croorgani snms, verm n, physical shock, crushing forces, vibration,
| eaki ng, or spilling. Many of these materials are characterized as being

di sposabl e, but actually have | iRIELD OF THRUNVENEE®Nonal bi odegradability.
For many of these products, the tine for degradation in the envi r onnent

can span decades,oOr evern. centurjes, ear....over .100 num
cans, billions ‘ng‘%p\s('ggﬁf}tlf I"éél!‘e §ﬁ18 afcbdﬂcgﬁ?ggble 5P t’%ﬁ%mc‘flarp%op 0%43

pl asti c ar econtaiteethatitas hold iite@s anslddi 8aeped we conditiord The odugtsiare dased on
processed foods ai ns,. beer and_ot he roduc United States

al one, apptO% %&?Oy’@s@"’?ﬁt{‘*}t cyhforg ﬁg mﬁ‘é‘b%f’ydé?t%‘p%ﬁiﬂ@ﬁh&ﬁn%eé%?f%ear in
packaging materials, which represents only about 15% of the total annual

donesti c paper pr oducti on. Packa materials (e. aper, paperboard,
pl astic, polystyrene, gl ass, B ]g@ gﬁ %J%Emgwggyi ng extents,

damagi ng to the environnent. For exarrpl e, the manufacture of polystyrene

products invol vagaligs Y8 éafpa@ewqfap&mr&fplxmaﬁawﬂﬁe@w@ﬁa GRS nifgk &kar ting
materials, such as benzene (‘a known mutagen and a abl e carcinogen). |

WO 03/ 05975BeREly BSy3ncwenTous GHRBHB i Hher Benfassne 0( @F“C*eé}s@%h §S FNRINGDs0 been
LB BRI,y U 6 o AR s 008 ki =

and packaging technology allows a wide range of liquid and solid goods to be stored,

packaged, and shipped in packaging materials while being protected from harmful

elements, such as gases, moisture, light, microorganisms, vermin, physical shock, crushing

forces, vibration, leaking, or spilling. Many of these materials are characterized as being
disposable, but actually have little, if any, functional biodegradability. For many of these

products, the time for degradation in the environment can span decades or even centuries.

Each year, over 100 billion aluminum cans, billions of glass bottles, and thousands
of tons of paper and plastic are-used in storing and dispensing soft drinks, juices,
processed foods, grains, beer and other products. In the United States alone,
approximately 5.5 million tons of paper are consumed each year in packaging materials,

which represents only about 15% of the total annual domestic paper production.

Packaging materials (e.g., paper, paperboard, plastic, polystyrene, glass, or metal)
are all, to varying extents, damaging to the environment. For example, the manufacture of
polystyrene products involves the use of a variety of hazardous chemicals and starting

materials, such as benzene (a known mutagen and a probable carcinogen).



Due to wi despread environnmental concerns, there has been significant
pressure on conpanies to discontinue the use of polystyrene products in
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However, there remain drawbacks to the sole use of paper due to the
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variety of needs, such as containers for products in a damp or wet condition, has posed a

significant challenge.

One solution has been to make packaging materials out of baked, edible sheets,
e.g., wafﬂes or pancakes made from a mixture of water, flour and a rising agent. Although
edible sheets can be made into trays, cones, and cups which are easily decomposed, they.
pose a number of limitations. For example, since fats or oils are added to the mixture to
permit removal of the sheet from the baking mold, oxidation of these fats cause the edible
sheets to go rancid. In general, edible sheets are very brittle and far too fragile to replace
most articles made from conventional materials. They are also overly sensitive to moisture

and can easily mold or decompose prior to or during their intended use.

Starch is a plentiful, inexpensive and renewable material that is found in a large
variety of plant sources, such as grains, tubers, and fruits. In many cases, starch is

discarded as an unwanted byproduct of food processing. Starch is readily biodegradable
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attempted for years to perfect a starch blend that would yield an environmentally sound

material while, at the same time, being economical to make, such a combination has not

yet been achieved.

There remains a need in the art to provide a fully compostable product that is
strong, not prone to mold or pests, and can be readily and inexpensively made.
Furthermore, there is a need to develop a robust method to develop compostable products

that can be used to hold dry, wet or damp material at a range of temperatures.

‘ PCT Publication No. WO 99/02598, filed by Business Promotions, Inc., describes
a method for making a biodegradable product for use as a container for foodstuffs,
including hot and cold liquids. The product is manufactured under pressure and heat in a
mold, based on a basic material made of amylose-comprising flour derived from an edible

crop plant, wood flour, natural wax and water. The basic material consists substantially of



made of a wax conposition conprising at | east 50% wax and having a nelting
tenperature of at |east 40C. The starch conposition is preferably made by a
process tWweto3/0s9766 udes 5- 75% of a starch derivative whi chPaagisas/oemaduced
swel ling capacity at increased tenperatures when conpared to native
starch. PCT Publication No. WO 01/60898, filed by Novanont descri bes
products such as sheets of different thicknesses and profile based on
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U.S. Patent No. 5,122,231 to Cargill, Inc. describes a new cationic

cross- | i nkebet&eayZ0and 400 w@e i n paper maki ng in the wet end systemof a paper

machi ne using a neutral or alkaline finish. The 231 patent clains nethods
to increase starch | oading capacity in a papernaking process in which the
paper maki ng pr océsSsPitas No. p/45 bl 7Gitwolargifl, bic. dpsaibes improved starch compositions

of cross-linked cationic starch, used in the papermaking process. The ‘170 patent claims
the following papermaking process: 1) providing a cationized cross-linked starch
component having a hot paste viscosity in the range of from about 200 cps to about 3000
cps as measured in a Brookfield viscometer at about 95°C using a No. 21 spindle; 2)
cooking a first portion of the starch component to generate a cooked starch component at
an average cooking temperature below 330°F for a period of time; 3) dewatering a paper
furnish (the paper furnish including: (i) cellulosic fibers in an aqueous slurry, (ii) inorganic
particles comprising at least 50 percent by weight particles having an average particle size
of no greater than 1 micron, and (iii) the cooked starch component); and 4) adjusting the
dewatering rate by cooking a second portion of the starch component at an average
temperature at least 10°F different than the first cooking temperature. The fourth step in
the papermaking process can also include adjusting the first pass retention during
dewatering by cooking a second portion of-the starch composition at an average

temperature at least 10°F different than the first cooking temperature.



One nmethod is directed to adding the cationized cross-linked starch to a
paper furnish of the process prior to the conversion of the furnish to a
dry web vWwerogiose7shie starch is cationized to a degree of adiSos/uisedn on
t he hydroxyl groups of the starch between about 0.005 and about 0.050 and
wherein after the cationization the starch is cross-linked to a hot paste
viscosity in the range of from about 500 cps to about 3000 cps as neasured
on a Brookfield visconmeter at about 95C. using a No. 21 spindle. Another
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WO 03/ 05975@51@@&&3@%{,&@1827 mxed wwth a mld acid in dry, powder ed for m

(preferably malic acid, tartaric acid, citric acid, naleic acid and
succinic acid) at a percentage of 0.2 to 7% of the total starch

conposi tion. AddirRIpaetiNbs. 595802 &eld 5A6D,87 bRthCARRARS th NoRahaadibcose
reacting w ct:orr]np%glltlgn for a biodegradable material which can be used at higﬁ temperatures
comprising destructured starch, a thermoplastic polymer, and a plasticizer having a boiling
point higher than 150°C in an amount from 20 to 100% based on the weight of starch, said
{destructured-starch being obtained by destructuring starch as it is, without the addition of
water. The inventors found that if a starch is destructured as it is, with the addition of a
high-boiling plasticizer (such as glycerine) and a destructuring agent (such as urea), in an
extruder heated to a temperature below the boiling point of the plasticizer (but between
120 and 170°C), destructured starch compositions are obtained which can be mixed with
polymers having relatively high melting points and are suitable for extrusion at
temperatures higher than 120°C at low pressure. The compositions thus obtained are

particularly suitable for subsequent operations such as thermoforming and blowing.

U.S. Patent No. 5,252,271 to Bio-Products International discloses a material that is

based on a dry starch composition, having no greater than 30% water content; which is



to generate CQO(err) gas at a conposition percentage of 0.1 to 2% of the
total starch conposition and m xing and advanci ng the product with water
wi t hi n arwexBnssse®n barrel of the extrusion nmeans to genecatEsogbhaseat ed
heat and pressure for converting the material to a gelatinous state that
can be dried and remain pliable. U S. Patent No. 4,863,655 to National
Starch and Chem cal Corp. discloses '"a biodegradabl e packagi ng nateri al
conpri si ng mixedwithadeitd adid phdrg pdvakeedsomr (pnefprablytudlic aoy tartericaacid, siige 45%
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U.S. Patent Nos. 5,660,900, 5,868,824, and PCT Publication No. WO 96/05254
filed by Khashoggi disclose compositions for manufacturing biodegradable articles from
highly inorganically filled materials having a starch-based binder. These documents
describe articles of manufacture that have high.levels of the inorganic filler in a polymer
matrix without adverse affects on the properties of the binding system. The articles
contain a matrix of starch and at least one inorganic aggregate, present as at least about
20% by weight (or 5% by volume) of the final mixture. The matrix is prepared from about
10 to 80% of a starch-based binder that has been substantially gelatinized by water and
then hardened through the removal of a substantial quantity of the water by evaporation
with an inorganic aggregate dispersed throughout the starch-bound cellular matrix. The
mixture is designed with the primary considerations of maximizing the inorganic
components, minimizing the starch component and solvent, and selectively modifying the

viscosity to produce articles that have the desired propetties for their intended use.



bi odegr adabl e paper and products which include a binding matri x of starch
and cellulosic ether, and fibers substantially honbgeneously dispersed

t hr oughouwotoh@s9maé ri x. The 209 patent discloses a concemcmatSoyoseange for
the starch of about 5% to about 90% by weight of solids in the sheet, for
the cellulosic ether a range from about 0.5%to about 10% by weight of
solids, and for fibers a concentration range from about 3%to about 40%
Optionally, an inorganic mneral filler can be added. Sheets produced using

this biodegrad al l,e bout, | and a
density greater al?haﬁma ‘bé{?ﬁ B%X’Zﬁgn"(“gr 5)8?};?@ aaé'gcﬁégeg%qis nPl&J\{S)fi c§t| on
No. WO 01/ 59h%ma2al £ fasdigdd byo Kashbeggilndusties]i discloss methomrtposlb\teﬂams and
T Tk Rk s RSB s S5 BN oh 9 LB e
of the theggPhRStibers Sbakaally %eﬂlogaﬁéasgnalkﬁeysed fArB&shotehB npiee Bt 200Nat i ve
starch granul es are nade thernoplastic %/ m xi ng and heating in the

presence of Paient displosns ajcaneenisatipgtr P‘%ﬁezf@? the sfapeh)of @PW@ 5 édﬁé‘hﬁ'&t%%b\’lé}”e’gb‘l vent's
such as wat 6f (@fis tH 4 ShdefMror Re LAF s?c t?tﬁ&racﬂpé;@{ vdm aﬂ_«g\ﬂ 0.5%35 Ghbuigbds Bﬁf; then

bl ended wi th one or nore non- star materi a n order to I nprove t
properties wnight efiendids,tdnd foodibersfa consententiontrangg froteraboyl 3%t focabsutad T

CONposi t | OnOppbngﬁgr Eijcn%rgén?c fnlnuergf RPN ahcﬁflt @%&9 tr&fuc?d qd gdth‘lﬂ th the

starch melt i nexpensive, natura rrlng m n
particul at ebrbdégrzﬂilabl(e 'matmaglamng a‘ﬂmickmsﬁ )e,ss thax hbpale d cmrandardeasrmgncatgnm er

t han about 15% ht, of.. the thernopl astic starch conposition. In .
addi tion, tR% %$§1gy\,e ge%flg%$oses a conposition conprising a thernoplastic

starch melt having a water content of |ess than about 5% by weight while
in a nelted stat .el.n a pl astici,ze S _a vapor_ pressure
of |ess than ab T%ﬁ%ﬁa{'%ﬁ?‘i\b@aaﬁ@?ﬁd a a’{'lgg bgngh?s OFfHh Bh™4S g%

parti cul at ecdﬁﬂdsﬁbn@hﬂ&ﬁetilcﬁls dorsmanuetiringdhdrmopladie Gtardh @mmmﬁmﬁhafvmgm about
5% to about 95@6 An addi tional enbadi ment discloses di spersion of
27 sor fa papteAlfg Aer Mpieisnt h oo SpAIetE g AEn  BOH A5G bYSORED Shdt ono

by wei ght the lasﬁmérslgraha,aipnenamtygwda réipfoRemLitl NitiveRtreéh drlileuse phdkse in a
concentrati from about 3% to_.about, 70% b fj%p U S. Patent No.
g;'p' £ af

6, 168, 857 t é%‘g PR ARG deatifngs & Jag prese FBBIENER IFSUCKER i ng a

t hi ckness | ﬁcﬂucﬁ @nﬁ%ht%polar@ewaﬂﬁs@htig%te&m gyt ko fdﬂarh adrehinel. 'ﬁhe
g/cn(err) WO 03/.059756 PCT/ US03/ 00827 conpri si.ng %)er a bi nd| mat ri x
or

i ncl udi ng sttack meldtithemblanded | ity Qneps imare a?rgﬁ@fs%mmeeals in {0 improve e

properties and reduce the cost of the resulting thermoplastic starch composition. A
particulate filler component is thereafter blended with the starch melt, preferably an
inexpensive, naturally occurring mineral particulate filler ("inorganic filler"), included in
an amount greater than about 15% by weight of the thermoplastic starch composition. In
addition, this reference discloses a composition comprising a thermoplastic starch melt
having a water content of less than about:5%.by weight while in a melted state, wherein at
least one plasticizer has a vapor pressure of less than about 1 bar when in a melted state
and in which a solid particulate filler phase is dispersed and included in an amount from
about 5% to about 95% by weight. An additional embodiment discloses dispersion of a
solid particulate filler phase in an amount from about 5% to about 95% by weight of the
thermoplastic starch composition and a fibrous phase in a concentration of from about 3%

to about 70% by weight.

U.S. Patent No. 6,168,857 to Khashoggi Industries discloses a starch-bound sheet

having a thickness less than about 1 cm and a density greater than about 0.5 g/em’



organi c polyner, wherein the starch has a concentration greater than about
5% by weight of total solids in the sheet; and (b) fibers substantially
honogeneocwslog/osi7sper sed t hroughout the starch-bound sheetrCTarsd3/oqsei onal |y
an inorganic mneral filler. US. Patent No. 5,618,341, 5,683,772,

5,709, 827, and 5,679, 145 and PCT publication No. WO 97/2333, assigned to
Khashoggi Industries, disclose starch-based conpositions that can be used
in meking c [ n ng
fibers wt h?d?x’ip?fs ?‘%b%%u% b(?lonﬁggﬁr@oﬁw%’éwgrsﬁflaﬁgnﬁgh%?gl@ grateg?hj gcl?)]'ﬁbl ni ng
toget her watrganic polymess whareéh the sthich lhena ngricertjestion gigatar ﬁh@@bquhé%t watgiti ng

agent (such ti ed st to
forma fl wﬁta?‘?t%cf(ﬁlgﬁgﬁh%[e ghs%t C gr ﬁm&efszgg) %ﬁﬁeﬁfy &f“gée i[ &@é}ég&a

vi scosity tihadughtialessaréhisouhd bieets aﬁcbo;imenazllybmhmganed rhyleraUﬁ]ﬂdror my di spersed

t hroughout the fibrous conposition as the fibers and fluid fraction are

m xed together, the fibers having an average |ength greater than about 2 nm
and an aver age @Spaetent als.0581E31Er5,683072250100,828: dnd B(6F9(18) andx POF

t oget her the conbi ned _thickening . agen te nd fibers in oLger to
subst ant | al PYPIGHIcRONM Y QIOZRSH s aedip HURSIozEh BN AFERer FRBPoaed
conposi t i Oncongﬁb%n%ﬁg HECHNE &%&ﬁﬁtmhléng Bdisiod] ULS. 831 1MBUNMS fefthaneth@sge from
about 5% to about 40% by weight of the fluid fraction. The inventive nethod

i nvol ves a far disgersips fibers vtithin ¢ Sbraps eomresitinp SPPPrévRgathe flepofa @rsembiningal
m xi ng appa{ogétuér wéigefvgib&@ Magﬁ {h'iéilgﬁm% ﬁgfe%k shdh 1R4ARE tﬂl&ceﬁh%ﬁgé?lt qu%ﬁ ag @h- based

corrp03| t1on avl ng St antl y di sperse ers U S. Patent
772 addi t|mg¢1atymdsstargls)egnchnvaitqnom@aaﬂ dogqtheretp fosm @ nfpich cleactiefe thaty isngt h

and flexibi lha%%(;ten?%d Bn%lg u)?él& sftles%san \%%Zsﬁdtﬂbtt s%n%‘l@é ltl?érﬁ%ésc{ooﬁée&bgﬁﬁt s to

make the art ture t devel oped om m xtures 1 ncluding
fibers havi mgfoanly chspema@élrmbwtherﬁnow cgmeat’amn ashibenfibersoand Bt fractipmare® 341,

172, 8217, a%? togedter p@%%@tgﬁgﬂgra\q@a\% gégt fepa&ah%o&l! ﬁsw_sdgg an'atgh

aspect ratiB& rea on = l'eng
| east abouta@ragn‘)aspecbeatm gmaueenhahoaboet ﬂfhé sud (Wt mn@ng t@@mhptuthei eoatbiined No.

WO 97/ 23333, di scl oses ar at con om
about 50% t BIkEHB% AEFBN er’ av@ bﬁ%l lﬁr?é(g i§ %%s@gggﬁgﬁﬁ%@mﬁ@%%g@gﬂg S0t 500
by wei ght otfhr@ghait itid ﬁladus sd:mosﬂn)m Tis tPekemig ddent 8 ,iB0RlcO @D an emAmMiow a

aaueous. cat 1B Eo8 APt eoapar ot Sieed olfne U Saehoh, The ARBER: Wel 05, 20

to a paper mublpe§d flnid)systdin ehg tigatdé talingpershea frons a preepaiceiming apatatusi zi ng
ggr naqlrjgguz F%% n g\}cel ﬁlt (%Ee‘% 0 %{;tglj?luzll s?arclg Lase ggﬂm&%n% tl1aa{['1r?g su (s)tglr{'tialwa y
uniformly dispersed fibers. U.S. Patent ‘772 additionally discloses an inorganic filler to

enhance the strength and flexibility. of the articles. ‘827 additionally discloses methods to
make the article of manufacture that is developed from mixtures including fibers having an
average aspect ratio greater than about 25:1. The ‘341, “772, ‘827, and ‘145 patents and
WO 97/2333 application:disclose high aspect ratios (i.e., about 25:1 or greater) and long-
length (i.e., at least about 2 mm) fibers to reinforce the structure. PCT publication No.
WO 97/23333 discloses articles that contain high starch contents (from about 50% to
about 88% by weight ungelatinized and about 12% to about 50% by weight of gelatinized

starch).

US Patent No. 6,303,000 to Omnova Solutions discloses a method to improve the
strength of paper by adding an aqueous cationic starch dispersion modified with a blocked
glyoxal resin to a paper pulp slurry. The starch dispersion is prepared by gelatinizing an

aqueous suspension of starch granules (including potato, corn, waxy corn, red and white



WO 03/ 059756 PCT/ US03/00827 m o, wheat and tapioca, thin-boiling
starches, and starches that have been additionally chemcally nodified)
and reactwogsibwset arch with a bl ocked gl yoxal resin at t@®cparsas/mses of at
| east 70 C, preferably 85 to 95 C. Suitabl e bl ocked gl yoxal resins which
can be wused with the invention include cyclic urealglyoxal/pol on
condensat es, polyol/glyoxal condensates, urea or cyclic urealglyoxal
condensat eSmamdwl@Iaiy ol Vaglbw;)tlah-boﬂmgesmmeesand istazghes thab bawe eew #ﬂ‘gﬁ@lﬂl}’:%% to

about 30% preterably..9.to 20% t t The
resul ting geIcR{GRHY 7@ ‘fﬁ?)aﬁnéﬁea(‘f %@’g i Plcgn&tgg%bl‘éﬁ%d%}ogg rgéra\‘fé tst;éﬁc} e
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resultin aper PCT ., P tion
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pl asti - subsdiqtidbes, gfé@@?cﬁ)’ic ‘dﬁ:'a!ggyoﬂaltdéh@énsdi@staﬁﬂ IgBJcSI/érybxar @maénsatgs ia agl ue
made by nixing 20% by weight of starch and Zy %&3 g‘W (—:E £
toget her, hameunhgom 3oyt d¥extp abeut W&mrﬁ@mﬁ]ﬂy 6932 ol IR VEE LG vi ng
extent of Q?tﬁ% g*ll"ﬁ(é @%l%&ge%egc{tﬂﬁed %fi:htceﬁnpﬁén‘f&l dAH B %o&l&gﬁidk@é’recﬁ Qr dfedtly fOorm a

m xture of ue an e rice husks, drying themtoadrylng xtent of
98% and cr addad toa tdilete paperapudp Elerryaﬁg@r@ﬁe thegansile strepgih amleplasticly RF 80% by
final weight q& tfge rc{uld{.e of the glue and the rice husks, 5% by f| nal

wei ght wat el SHHEPRER N i nal wei ght of rosin to forma final mxture; and
nol ding the final mxture using a nol ding machine at a tenperature of

100- 350C under ur e t r (o 9 0- 80

seconds per pro ﬁﬁu O%h cgﬁg)/ﬁ%.ﬁl%%é%é%éﬁ@ éeIrs ?Hﬁ%g@{) éKI m &

Ki m descri bﬂﬁnwfmdmgsmashorsumnnﬁ goddsrbyngsing aatiriat nsddsislsi lnsup@pgmd@ ﬁv usi ng

nat ural mat erl | s St a.r I am ne

or urea resMd ’B’X’E e tg0 raezzir%] ?/ﬂqlil g(':bK g’F gﬁé cﬁ?{a@%}}&gﬁé megthc%{ﬁllg . of

i) ”?' a”][ nNe fis Mixaie; &Gztshlﬂtg aﬂ@di‘};lﬁgz)iggﬂahdﬁhmzedryﬁg?xpanodﬁ%? BnEng ﬁélatghﬁact ured
y first preparing a mixture o y we [,C

wei ght of w&tehe r‘FFe}&FP%YSg?t FSORF 1 Wgﬂ Bt?lﬁr‘%‘ ?lthr?gmr%lrh g(sa]ghu E% to

]9" ying ext efHeme) fa d%ﬁﬂ@ ex}i@n& bﬂgs%,i‘z&nﬁgimsﬁmgmlwhrﬂ toea slzmnguxﬁlosoh +@hethdheso as to
orma mxture of the ue a e.ric # e o) i ng

extent of OoBUKNGHBRYe é’b’ uRi Wﬁ‘ggh%'}fi’? gnigtugg ‘}thtH f# ceollusgg %A’ n%( gﬁ%ll am ne

resin is oblRisAEHat&Y ari mb,pwmanaf/elgmrostmsmmﬂong am% fjxtwe; d tmadding the
0, 0/
f or mal dehyde soI ution and 70% by wei ght of wat erfelog%sé‘%@%rght of | am ne

or urea an@ndaixpisgisinge melding P@Cla‘f’e t 3 EpERTLe ReHR € i s
then made OEkZ/QI@aPA/?rfoHﬁL@xbn feQieaby of050-807RcdidX petprodatt. t he glue and the rice

husks, 15% by wei ght of water, and 15% by

PCT Publication No. WO 02/083386 also filed by Kim & Kim describes methods
for manufacturing plastic-substitute goods by using natural materials using a starch-based
glue and melamine resin. Melamine or urea resin is a thermosetting resin which is formed
by reaction vof :melamine or urea acting upon formaldehyde. The products are
manufactured by first preparing a mixture of 20% by weight of a starch and 80% by
weight of water, heating this mixture; washing and drying rice husks to a drying extent of
98%; mixing the glue and the rice husks together so as to form a mixture of the glue and
the rice husks, drying them to a drying extent of 98%, and crushing them to a size range of
0.01-0.1 mm. Melamine resin is obtained by a process of first, mixing 30% by weight of
formaldehyde solution and 70% by weight of water, 30% by weight of melamine or urea
and heating the mixture at a temperature of 350°C. A mixture is then made of 70% by final
weight of the mixture of the glue and the rice husks, 15% by weight of water, and 15% by

weight of melamine resin to form a final mixture. The final mixture is molded by a



wei ght of nelamne resin to forma final mxture. The final mxture is

nol ded by a 9 WO 03/059756 PCT/ US03/ 00827 nol di ng machine at a

t enper at LWe 03/0597860 350C under a pressure of 5 kg/cm at a PCEALS03/0082DN
frequency of 30-80 seconds per product. U S. Publication No. US

2002/ 0108532 and PCT Publication No. WO 00/39213 filed by Apack AG

di scl ose net hods to produce a shaped body made of bi odegradable pmateri al
that shows ngididg eeplimesit@rierhpsiatvieat 160350 wdeTaPsHRiong t2 Rsoqust 8. 59 by
wei ght of cel ul osi c o to 17. 6% by wei ght of native starch,

fromb5. 4 tdOf%afq“BV v%?%?ﬁsecfmésrpgp%%g‘%l ni zed starch and from68.0 to 70.6%

by weight of water. First, the pregelatinized starch is produced by m xi ng

bet ween 5. 4-6% starch and 70C,
hol di ng the ni (;(tUcﬁ eP“gB??QP%E{D g?é %’@%@8%3’@ A ‘é‘ls%%“wc}ﬁ@g’é’??%gﬁt he

pr ?93| at ![ nifﬁﬁcﬂb%%%ﬁ&@AGcﬂlﬁﬂfs‘e mbitRds tagidog: 4 blﬁtpdcﬁbddyt madb?of&?i’odwgradﬂllg ht of
native starc

5% b ght of [ d
70. 6% by wemgmal drat shoays gpod %?‘pﬁ"f‘mﬁg‘l”b?e@@g‘f’%l %}ﬂg;t%‘%lg&"ﬂ gifr?"&? %g t8§§ at ure

of 50C mXbé?%}tfo?&lﬁlogfc%&ﬁs'fr&ﬂ164%"1%%tﬁ}r\b&@mwna%%tamhxﬁuhes@ﬁo6%)0 not
allowing th xture to substanti al fycool andpaqmgthenttuelna
e

baki ng nol cy mmghtt@épreggiatzrh@dmamhmné 680 10 B 6Yerhy weight Pyates ®to form

the shaped bo Gén §2-69Dasith YBd PAOK YNORaeGTDN
di scl oses t%eég%}atmg%tc ?mce‘gﬁy(ﬁgrgggb l'e article from 25-75%fi bers,

13- 38% st arrmm@tue ﬁexte@%» 68:30%, holdingsthe mixarepmnstancat p8rd0'C for 30 sHvRtes ar ch
are mxed in agrﬂg&t é;?r%geldtfﬁlz%g %t‘af?:h'té?g tT%B é‘d%%% thd D@gtd"ﬁ & by Sveldhir xed

contlnuousl en su proceSs to obt ai n
the finis haﬂnamecmlcm bite8.6% tarwlexgm@uﬁcqlm@smﬂm@da@r&&%tpéoﬁ% owgigofi t h a

0 BT B BEISE Baies gdeor,

numer ous at provide sultab odegr a ab e,
conpost abl thHiB{leeﬁ ihatsgeheadus pﬁ&inaagatn@Ttm atlowing tthengixdurp 4o atrb@@stlaﬂye:oabt

deal . Th I J figl b
usea to packgieatanale n3hafnpas o Sl B ERR A loCHpRERT ALY 2o

ef fecti vel yscelg@s adormithd eliapsdbaddl envi ronnental conditions. A need exists
to develop materials that will reduce the build up of disposed, slowy
degrading materials, and to limt the environnental damage caused by toxic
chem cal s used |G'brﬁr15h? pReRADE! 1QM06642pac kageln ¢/ enpeclamiged Symblt disslosdsethef or e an

obj ect  of tpr}c?du%agns %tn Ei bllorzl\éger%ab?e artlcleptrrOV|2§e75§A fi erls'lasf3 549 stavch g{ad13'38%

water. First, the 25-75% fibers, 13-38% starch are mixed in a dry state in a continuous
process; then water is admixed continuously. The mixture is then subjected to a baking
process to obtain the finished molded article, and then the molded article is coated with a

biologically degradable film that is impermeable to humidity.

. Although numerous attempts have been made to provide suitable biodegradable.
and compostabl¢” materials for packaging, the resulting substances are not ideal. The
currently available materials either cannot successfully be used to package materials,
particularly those that are wet, or do not effectively degrade under normal environmental
conditions. A need exists to develop materials that will reduce the build up of disposed,
slowly degrading materials, and to limit the environmental damage caused by toxic

chemicals used in the production of packaging materials.

It is therefore an object of the present invention to provide a robust process and

materials for the production of an efficiently biodegradable container.

10



materials for the production of an efficiently biodegradable container. 10
WO 03/ 059756 PCT/ US03/00827 It is a further object of the present

i nventi orwDm®3jps086 de a materials and a process for produciPag/ts03/00827

bi odegradabl e contai ner that can hold products in dry, wet or danp
conditions. It is another object of the-present invention to provide

mat eri al and a process to produce bi odegradabl e contai ners through the use
of a pregelatinized starch solution that is stable at a w de range of
tenperatures. It is a further object of the present invention to provide a
process and mat df isal futther gbjestiofithe bicsrtie ivantian| te Pewyiflead maiesals MU PRCEHe use
of a pregelatinized paper st . L i ] range
of tenperat %’F é’§9d%f”flgiasglgﬂ%ﬁr%%ir;ﬁ(%jﬁ%ﬁé; %@Ptcﬁﬁemgfrde @%@S?wvgﬁﬁvgﬁowgg%?ovi de a
process andcomditiens.al to produce bi odegradabl e containers froma w de range
of materials. It is yet another object of the present invention to provide
a process and material to produce biodegradabl e containers under a w de
range of envi r orrgndndthe€ otjekt toif eitSpredeht insersioh ltd providehnateridbjand b podcessite

resent invention to provide biodegradabl e and connostabl.e pr.odycts.
CUNMARY OF MPghice AR hasRlerRBte g S oA (e B B hrogr BT e e PRIPBIERS et hod

and mat eri aligsf 8 widf ALPE SemprAtk@Qr adabl e contai ners that can hold food
products in dry, danp or wet conditions. The containers are produced

t hrough the use of a pre-gelled starch suspension that is unique in its

ability to formgpydy ﬁ]‘i’tﬁg B o pheleMBiVRh@d Mol RbvidOL broddsk bAd MaRrihinot he
presence of many ther types of materials and at | ow tenperatures, In

(0]
addi tion, tprodugebindgerndablt eontainets thraugh the usexfia nregplatipizedhpaper siareh pIUON ¢ | i ke
material s afhaﬁ?(%t%l”ﬁl%idla?éﬁgéGﬁQER@rEMFeQ.S in the presence of a wde range
g

of material S under varyin nvi rohnmental conditions. Further, this
pre-gelled material allows for the devel opnent of containers with high

bi ndi ng strengths. and | fe.oLAs Ul ffhRRaREd
cross-1 i nki ng 01B§ ésoar?‘;%’%‘%’gﬁgg‘f’t%?&Ae\/%g%g‘/c%'gé@@%t@&%"@éoﬁé’osz7 One aspect of
t he pr esent prodwebiddegradableacoptaimemSonf awidegange wfmatetitledegr adabl e  cont ai ner
by:

It is yet another object of the present invention to provide a process and material to

produce biodegradable containers under a wide range of environmental conditions.

It is still another object of the present invention to provide biodegradable and

compostable products.
SUMMARY OF THE INVENTION

The present invention provides an improved method and materials. for. forming
biodegradable containers that can hold food products in dry, damp or wet conditions. The
containers are produced through the use of a pre-gelled starch suspension that is unique in
its ability to form hydrated gels and to maintain this gel structure in the presence of many
other types of materials and at low temperatures. In addition, this pre-gelled starch has the
ability to melt into plastic like matérials at relatively low temperatures in the presence of a
wide range of materials under varying environmental conditions. Further, this pre-gelled
material allows for the development of containers with high binding strengths and open

cell structures to provide insulation and cross-linking of components.
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(a) formng a pre-gelled starch suspension that is nmaintained at |ow
tenperatures, for exanple, between 0-60C, preferably between 0-40C, (b)
addi ng t owpla/op766 gel | ed starch suspension a dry or danp, PROMSgRNBOUS

m xture containing at | east wood fibers having an aspect ratio between
approximately 1:2 and 1:8 (width: length) to forma honogenous nol dabl e
conposition; and (c) nol ding the honbgenous nol dabl e conposition with heat

to forma bi odgseaskplit RO pRisBRT invénfloR Ok scessT o donming ,a bindegrdaident -
invention is a _process for formng a biodegradable container by: (a)
forming a fPam&anepb¥- gel | ed starch suspension that is maintained at a | ow

tenperature, f Or(ﬁ)eféﬂﬂﬂg%’pfrélgafe@rs?al?é}ﬁ/ uSpeién thADR madtehed /by tésjeraass, 0- 40C
er \Wo |

(b) m xing toget ers or fsi our (having an aspect ratio between
appr oxi mat efoy edantpleahetweerB)-60°%, prsbesatly patweegdt40%e@: st arch suspensi on, and/or a
native starch to for e 5t snsiof) 2 ARFIPYatn®. HhbBoshenge! | ed
starch suspensi o(ﬁ) ta%tialg%??/qg% agreglgéhsggrn%g% %ﬁs an‘j )?('}glfl)l’ eat g’ for (r)né%a
hompgenous mirtatabbeaisingpolkhdtivarod fiherd hidhg amhspEd gatiothetwvrsmagpiavinstelil :dabl e

conmposition wth heat to forma , biodeqrad Eher s ln a specific
embodi nent , a%lgnlepﬁ’\“gtgelr‘??gtp”\?ém %hor{l%geﬁ&ﬁr%é%gég c? %Pgﬁérhm&}\dg a bi odegradabl e
contai ner by: (a}) fdldinggthe homegabdise chokdablec borsprsitiensivih li¢ahetopfosmgel )
produced from approxinmately 3-10% potato starch by wei ght of the pre-gel
and appr oxi Riegegrdfadecoanerat or by weight of the pre-gel such that the
pre-gelled suspension is nmaintained at |ow tenperatures, for exanple,
preferably 0-60C, nost preferably between 0-4QC, gb% m Xi ng t 0(:11et her wood
fibers or flour Iphansthey embodupents thea Pregenh JPVRBERD 13 ph PESCHa %‘|§ TIE &nd -

1:8), a pr ebggggl},]ﬁgblggg{tgherwgpensi on produced from approxi mately 15% corn
starch (by weight of the pre-gel) and approxinptely 85% vvat.erd gty \gei ght of
the pre-gel, an@ frming pefitt Pregelied stardy syspensionn et IS MMGIRRdse &3O or |

more speci f{galldire, R exRpIE PrefSRbR 0S603C Ghost Pitferdigbtwedh (-40eChonogenous
nol dabl e co#p sl:at feén eééépl ?/\D 03/ 059756 PCT/ USQ3/ 00827 approxi mately

2-15% or, nore Speaikingatdggthersvwmod sihesy 61 SoxF Chaieg, afefRt GOt froveen

approximately 1:2 and 1:8), a second pre-gelled starch suspension, and/or a native starch
to form a homogenous mixture;

(c) adding to the pre-gelled starch suspension the dry or damp, homogeneous
mixture to form a homogenous moldable composition; and

(d) molding the homogenous moldable composition with heat to form a

biodegradable container.

In a specific embodiment, the present invention is a process for forming a
biodegradable container by:

(a) forming a pre-gelled starch suspension (the pre-gel) produced from
approximately 3-10% potato starch by weight of the pre-gel and approximately 90-97%
water by weight of the pre-gel such that the pre-gelled suspension is maintained at low
temperatures, for example, preferably 0-60°C, most preferably between 0-40°C;

(b) mixing together wood fibers or flour (having an aspect ratio between
approximately 1:2 and 1:8), a pre-gelled starch suspension produced from approximately
15% corn starch (by weight of the pre-gel) and approximately 85% water by weight of the
pre-gel, and a native starch (for example approximately 50-70%, or, more specifically, 57-

65.8%, corn starch (by weight of the homogenous moldable composition) or
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honogenous nol dabl e conposition)) to forma honbgeneous m xture; (c) adding
to the pre-gelled potato starch suspension the honbgeneous mxture to form
a final heoogesoss nol dabl e conposition; and (d) nolding trlog/Usosregenous

nol dabl e conposition with heat to forma biodegradabl e container. Another
aspect of the present invention is a process for form ng a bi odegradable

container by: (a) formng a pre-gelled p starch suspensi.o
mai nt ai ned approkipwately Saidds r.umese spwﬁ@!!&ngﬁe’o PeBionsrEh o O@fe‘ggtr 8F§b%bl y

bet ween 0-40C: (b |.,| h suspen
or danp, h Ogé glc])ﬁ]?’gﬁmg %J"?pé)gi@gn)?g(ﬁ\o?ﬁ h%gm agl{sn%%g&flberg h;“ozgaagry
ﬁs pect ratio bfwwmngmmeprmlecﬂ pomtOZStardh%lJSReDSIO(l Hiechomogpreqyt MIXWIE 16 or m a
onbgeneous, no e _conposi t | di ng the hono
conposi t | orifOW‘f‘ﬁ ‘ﬂé‘&’c“o% ‘I’SdP%ngle %0%5}%3%@5(?“& e cgnt ai ner . ?ﬁng?lﬁ; ol dable
enbodi ment s, t heqpneskand theippiogatous smaidetdet ehposition pridt dest forformr & ng a
bi odegradabl e container by: (a) formng a first pre-gelled paper starch
suspensi on bipdegradableeanaingf-ned at | ow tenperatures, for exanple, between
?hgslcngpr ef er abl%/ bet vveeg 0-40C, (b) m xing toget her wood fi bers or flour
an aspect ratio between pr ox teI
starch(s) to forAﬂoﬁlChM@ﬁmeﬁ?PEt"ﬁ?‘giog?%?p S?f&" ognwﬁee)l?l?(?l dgtr’lgazgia?lfed
starch suspgh r%p he honogenous m xture to forma honogenous nol dabl e
conp05|t|on ?d nol di ng t he honogenqus nol dabl e Qsi.ti t h heat
to forma bi ode(g)r mm%ammgdiqdepaper ritachs suspeisiqn g‘ﬁbéﬁ%ﬁf ‘fﬁ%w‘?’esent

i nvention i d bI
by (&) 1 or g Sppiebbffent, 3"3‘85&2%2%%%‘*3‘?8*38?23‘% rom &%{,t mtel y
B

2-15% po:[) ato st(h) szddm(gby thﬂmrgmlledfpapﬁé%?be“gl@n?mb ABt &rdampy eRS5, 5,
10, or 15% i L )%Q‘:]n;gé /%‘ l¥asll§wg)9(¥/ ‘ﬁgé'pﬁﬁvn?é’{upasg)@cx r%'ﬁ&ﬂ%eﬁfag%rbﬂnﬁfeﬁr pel ),

preferably appr oxi mate 5-95% wat er y wei ght of the
pre-gel) suatd 1t81emdd1hlengnlu)ee @einladd)moggnem mgvd@k:lgmmwm 3/ 00827

(c) molding the homogeneous moldable composition with heat to form a

biodegradable container.

In other embodiments, the present invention is directed to a process for forming a
biodegradable container by:

(a) forming a first pre-gelled paper starch suspension that is maintained at low
temperatures, for example, between 0-60°C, preferably between 0-40°C;

(b) mixing together wood fibers or flour (having an aspect ratio between
approximately 1:2 and 1:8), and a native starch(s) to form a homogeneous mixture;

(c) adding to the first pre-gelled starch suspension the homogenous mixture to
form a homogenous moldable composition; and

(d) molding the homogenous moldable composition with heat to form a

biodegradable container.

In a specific embodiment, the present invention is directed to a process for forming
a biodegradable container by:

(a) forming a pre-gelled starch suspension produced from approximately 2-15%
potato starch (by weight of the pre-gel), preferably about 2.5, 5, 10, or 15%;
approximately 5-10% paper pulp (by weight of the pre-gel), preferably about 5.9-8%; and
approximately 75-95% water (by weight of the pre-gel) such that the pre-gelled
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suspension is maintained at | ow tenperatures, for exanple, between 0-60C,
preferably between 0-40C;, (b) m xing together wood fibers or flour (having
an aspectwpaBios7bet ween approximately 1:2 and 1:8, preferablusobatsaren 1: 2
and 1:4), native corn starch and native potato starch to forma
honbgeneous m xture; (c) adding to the pre-gelled potato starch suspension
the honogeneous mi xture to forma honogenous nol dabl e conposition; and (d)
nol di ng t hesulpensige iromgintriried ablav teowpratires, & Wmnlehb%tweqno%g@ frrprgferably

bi odegr adabll) F‘%co&:} bher. In other enbodiments, the following materials can
be added to th& wood fibers to forma honpgeneous nmixture: (i) waxes,
fatty al cohol s, (phasipingl fopithls woodotfibers on dlournghaving an aspécglratio Jiebysieni cal s,

h I |, .f t oximatel y..1- 59 »
peci 1 cal [pprosinual 7 Ry b ety Sthpghl 2 ard Trie Teurch Shren BBY e
conposi ti oniotaté kthrch EPREAXIHGRbEIN¥OR xR0 wat er (by wei ght of the homogenous
nol dabl e conposition), preferably about 0.5-10% 8 ? 11% 0. 5- 12th 10 or
20% (iii) baki K8 39ingdp ther Rp-eelledpgtate el Susnensing, B PORLEENSPUS MX Tgoe(%’ by

wei ght of the, RoRBEeBeusIRIdaMRsiaemmAsi tion, preferably about 0.42, 1 or
12% and/ or ?.lnv) additional materials, such as up.to apgr oxi mat ?olr% 5% by
I

wei ght of the Héhoeadisgsthrohemgserous omeliable; spmresitiont with hegh P Pers,
for exanpl €hio Jg?a\éﬁblﬂ? i&s. bentonite, anorphous raw products such as
gypsum and calcium sultate, mnerals such as |inestone, or man nade
materials such as fly-ash. In still other enbodi nents, the process

conpr i ses the Stangcol{dbhah Ol BloRinBRnlfld & 13LAIAN, HSRRRASHAR ©F paper

starch suspensi on mai’'nt ai ned ow tenperature, for exanple,
pref erabl y formmbamogine@uséiiurerost preferably from about 0-40C; (b) m xing

t oget her wood fihers_or our Vi asphe i 0 eH@%g :

approxi matel y 1:(§ BANT R aﬁla&%?s) Q?’;?ﬁg’r‘ﬁ@gn%t sc'gﬂzérrc l,ghsuc g‘lgr c‘g?%htstarch;
(ii) pre-gebibedmicisarsoth asghjveml far pramplel betweenoappraximately bf¥d ok edorer om
approxi mat el y .15% cor ch ( Wel of 1 L) 8506 wat er ;
(rii) Waxesfpséf1 ?*t{iﬁ %P@o%gé’?erﬁlﬁgz‘ﬁﬁlg “i%.% shoénﬁégg%ugéns)]&%eéﬁﬁpr%ftg)? il ar wei ght
bi ocheni cal s, sugj approgimetety d1.5-20%r watea(py evdight wefe thea ppmegenonst giojdable- 50

O O ahhostion), Seserably RUPEE IR SA 2R PRMAE 0M - (1Y)
(iii) baking powder, for example between approximately 0.1-15% by weight of the
homogenous moldable composition, preferably about 0.42, 1 or 12%; and/or

(iv) additional materials, such as up to approximately 5% by weight of the
homogenous moldable composition of natural earth fillers, for example, clays such as
bentonite, amorphous raw products such as gypsum and calcium sulfate, minerals such as

limestone, or man made materials such as fly-ash.

In still other embodiments, the process comprises the steps of:

(a) forming a pre-gelled starch suspension or paper starch suspension that is
maintained at a low temperature, for example, preferably from about 0-60°C, most
preferably from about 0-40°C;

(b) mixing together wood fibers or flour (having an aspect ratio between
approximately 1:2 and 1:8) and (i) dry or damp starch, such as corn starch; (ii) pre-gelled
starch, such as a pre-gelled corn starch produced from approximately 15% corn starch (by
weight of the pre-gel) and 85% water; (iii) waxes, fatty alcohols, phospholipids and other
high molecular weight biochemicals, such as glycerol, for example between approximately

1-5% glycerol (by weight of the homogenous moldable composition); (iv) approximately
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14 WO 03/ 059756 PCT/ US03/00827 0.5-20% water, preferably about 0.5-10%
0.5-11%0.5-12% 10 or 20% (by wei ght of the honobgenous nol dabl e

conposi t i w)o3/09756 baki ng powder, for exanpl e between appregiusas/aisy7 0. 1- 15%
(by wei ght of the honbgenous nol dabl e conposition), preferably 0.42, 1 or
12% and/or (vi) additional materials, such as up to approximtely 5%

0-4% O0O- 13% 2-13% or 0-15% by wei ght of the honbgenous nol dabl e

conposi ti ong 9&0%%%ra¢refe% hidt [y dbotd 0. 5-@0% 5N xamDHe10 61 RS (ByUedighRSf the

bent oni t e, anor phous’ raw products suc as gypsum and cal cium sul fate,

m neral s suldmagendus mewidshle, campositan)imdte bﬁﬁtﬂér pavders yfor geamplq \hef¥eNt o f or m
a honngeneou ) t | pion the
Gry or Ccamp:PRrEAE 4558 (PR of e aoBt O ol e Rptifich pRaH b

conposi ti ong. 4z1r1cbr(lﬂ%, aral/ati(vijy addlmﬁabnmtgealmuschrmlucjé@ reprodmpeli Y6.0A%i&-h heat

to forma nt ai.n d
starch suspgir(g’d%ggg °r¢$% ?‘ﬁ@rﬁ“ﬁ%{% x%e%q) 'gbﬁgﬁé C?L'égﬁm?%r%fﬂ% 29 wei ght
of the pre- @@ﬂh)ﬁllew(ﬁr aﬁanm& aél@sOfuch@rsrbeatoam;Famorplmilsfmwnpradmtsowchmsel y
85-97. 5% of wat er bé/ ght. of the hochlr) ﬁnous rmlﬁgab € adS nge f C?‘r

anot her enb&HsHaARd ﬁtlwna\ﬂéatwlp%fa‘%t* ag ImeSPR ALY BHR MEdp g&g" a8m

appr oxi mat efj a%téfo‘im%oﬁ{o@ému@ﬂmréom approxi mately 94. 5 97. 5% wat er (by
wei ght of %:e pre gel)forl n preferred enbodi e theaci) glelled starch

nt
suspension is pred & Prengphled stareh apspensi E’G%"ﬁo‘l’ SPEEFIeUYr e

preferably %% form 5?@)}95@%&@@&3%@0%‘&%@&@@,an@nd 90, 92.5, 95 or 97%
wat er (by welght of the pre n anot her preferred, enbodi nent, the

pre-gel |l ed stard® Slml?jéglsihénlg‘?f%oa'?ﬁ%ué'@!ﬁa?koﬁﬁ’%m?)él With e hSat 1180dmr &
starch (by re-gel). In another enbodi nent, the pregelled
paper star C%ﬁ&%ﬁkﬁ%%&?ﬁ égr oduced from approxi mately 5- 10% paper pulp (by
wei ght of the pre gel), preferably 5.9-8% nore preferably 7.3-7.5,
6.5-6.7, or 5. AR Y, %0 tglrﬁfgﬁ Yol QY0 potRt® §6m Ot her
nat ur al starch sué]ﬁ as cg?ﬁr(léngmg?elc régé}é 2 crom%a On 75'9180%\/vater;1 (by
wei ght of  #fpeoxpnately&ls-15% rstacnhe(bg isight l‘?ﬁﬁtﬁ prﬁgel),rm:h @%P@tﬁ@r@m@aﬁafﬁ‘b corn
starch or pota 50t e t Holks @ldthabRr N
starch can Dbe %gnécfi ;og(n?#]? 8 I'n %ﬁfcﬁfr\'?%gpg& e rb(ri;etﬁé %Oﬁ{?gé corn staarch can
conpri se ap@megosition. eIryamh‘cB@rmbwmm thi [pye- ~gallodnstarchSuspension is produced from

approximately 2.5-5.5% starch and from approximately 94.5-97.5% water (by weight of

the pre-gel). In preferred embodiments, the pre-gelled starch suspension is produced from
approximately 2.5-10% potato starch, more preferably 3%, 5%, 7.5% or 10% potato
starch, and 90, 92.5, 95 or 97% water (by weight of the pre-gel). In another preferred
embodiment, the pre-gelled starch suspension is produced from approximately 15% corn

starch (by weight of the pre-gel).

In another embodiment, the pregelled. paper starch solution is produced from
approximately 5-10% paper pulp (by weight of the pre-gel), preferably 5.9-8%, more
preferably, 7.3-7.5, 6.5-6.7, or 5.9-6.1%; approximately 5-15%, preferably 10% potato or
other natural starch (such as corn starch), and approximately 75-90% water (by weight of

the pre-gel).

In one embodiment, the native starch can be corn starch or potato starch. In
another embodiment potato starch and corn starch can be used together. In a further
embodiment, the corn starch can comprise approximately 4-18%, preferably from 4.45-

17.9%, or from about 5-35%, preferably 5.9-34.4% by weight of the homogenous
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17.9% or from about 5-35% preferably 5.9-34.4% by wei ght of the
honogenous 15 WD 03/ 059756 PCT/ US03/ 00827 nol dabl e conposition,

pr ef er ablwp 04/05%56 6, 13, 15, 16, 17, 18, 20, 21, 22, 26, PEI/UX03/0@BO7 31 or
34% In a still further enbodinent, the wood fibers or flour can conprise
approximately 11-249% preferably 11, 12, 13, 14, 16, 17, 18, 19, 20, 21,
22, 23, or 23.3% by weight of the honbgenous nol dabl e conposition that
cont ai ns t hgo RO eSS, prefdtatplais] @3, 13 16517, 6, 2621a22 2602 APrAnB] t he
wood fibers or flour can conprise approximately 7-11% preferably 7, 8, 9,
10 or 11% 9%y4%ei ght of the honpgenous nol dabl e conposition that contains
the pregell ed paper starch solution. The wood fibers or flour can have an

aspect ratio, width to length of between approxi mately 1:2 and, 1:10, 1:2
and 1:9, 1:2 andn as@l futher embediment theqwapdfjhgrsior glourjcap cgipgrise agproyimateling 1: 4,
1:2 and 1: 3, 9k, & ion r gof g RXapPIC28 F3abi 93.9% b?a;, Rfl: 2 and
1:9.9. In glr‘}o@r{"érpr%afgnrg@gil?felr%’?g’tﬁﬁlgbfr]’)t?éls’ner"s Whi Ch ‘afe forne .uégigﬁg t he

net hod of tthehormogeentsinnoldablecaafrositive that goritdinuibe pregellsidestarely alwtionp|ly an
disintegrating to conponent parts.in | t dddepnotiies

enbodi nent ,altf:ﬂ%étec% OEP X ’s&grﬁoog%%gtoégﬁ%f (%?rs]:loﬁl? g%ér/g@r%l tey]poménent
nol ecul es ipefeRBK 7,820, B o NishitBysweightedfah@bbmogenousenaldatiapormpsitionithedit el y 24

days. In further enbodinents, pressure n al b i i jon or
al t er nat i orfOPRne ﬁherfgféﬁelug‘gpar?ﬁ ﬂgrfﬁgglgﬁl%gg}ﬁa‘&oé%ﬁ%’ er%é’ﬁ?@lgrnéeag _h‘é%@i %ﬁ%‘%nt of
pressure g a5tid) vidhh @slleh R of bét(ls‘lbélﬂppﬁoxiﬂik&elylesﬁ aned: 105 b2and 1:9f b2 amli((h:ﬂpl 2,
pressure between approxi mately 2-3_psi Yy b opriate. Likew se, any
anount of Wé‘dtk?m&ig gad dded % mig %:éc ﬁ&e%gﬁg’hggﬁggﬂ%(f? raeéﬁcl%f)f' %%0&4’1 12°>¥arrpl e,
in one errbo&i‘ugqgfgta,raﬁmbg@@tm y3edd1®@.g9ol d t he bi odegradabl e containers is
bet ween approxi mately 150-25.0C, preferably 195-225 C, nost preferably 215

T. In another enbodi nent, the container can be coated with any suitable

liquid- resistan) .58k icRBodiE¢AMeCPniaelsUdbch frdtforafee uSial the mbthedlof the
coatings such as PROTECoat (from New Coat, | nc.% Zei ngf"yﬁ% bi odegr adabl e
materi al i siovestien afereffigiensiyn piodggrpdablgs prederably disini¢graiing 4o &8 PLBFS et ¢

acid from fernpntativon heabart enkddimBf! the Bytisinuy alclcampadtase, dshitiratingom
m crobi al fernentati'on); bacterial cellulose; chitosan based ﬁg]ﬁéﬁrs (for

exanpl e fr dmeshporient mglculessin desy thag six ks, Areeraly IngssdbRnCAPRINX flese
materi al s C@ags be applied either as a thin filmor can be sprayed/di pped
onto the prodict. Bondi ng processes

In further embodiments, pressure can also be used in combination or alternation
with heat to mold the biodegradable container. Any amount of pressure can be used that
achieves the desired product, for example, pressure between approximately 2-3 psi may be
appropriate. Likewise, any amount of heat may be used that achieves the desired result.
For example, in one embodiment, the heat used to mold the biodegradable containers is

between approximately 150-2507C; preferably 195-225 °C, most preferably 215 °C.

In another embodiment, the container can be coated with any suitable liquid-
resistant coating. Examples include, but are not limited to, coatings such as PROTECoat
(from New Coat, Inc.), Zein® (a biodegradable material isolated from corn); polylactic
acid (PLA, a polymer of lactic acid from fermentation feed stock); poly hydroxyalkanoates
(PHA, from microbial fermentation); bacterial cellulose; chitosan based polymers (for
example from shell fish wastes); or waxes and oil based coatings. These materials can be
applied either as a thin film or can be sprayed/dipped onto the product. Bonding processes

for application of thin films of water-resistant material are known in the art.
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for application of thin filnms of water-resistant material are known in the
art. 16 WD 03/059756 PCT/US03/00827 |In one enbodinent, a nethod is

provi ded woro3oswas i ng a wat er proof container by: (a) formwcmgisa3/bisest
pre-gelled starch suspension that is maintained at | ow tenperatures, for
exanpl e, between 0-60C, preferably between 0-40C, (b) m xing together wood
fibers or flour (having an aspect ratio between approximately 1:2 and
1:8), and wax, fatty al cohol phosphol i pi ds or other high nolecular weight
bi ochem cal s, such as cerol 6%? add dgg to the first (g)re- el | d starch
suspensi on the HB89BEER ‘e‘ﬁa%&l‘?} is PEYIdsH TP atRR WHEErOf BN 8 0t her

material; (d) n%jj'tﬂﬁuﬁé‘ea FRADGEREMIS sGRAPARhéNsRA el s hedinihal konowa
bi odegradabl e contalner; and (e) coating the container with a

l'i qui d-resi @mnnahxmafom@mpéméﬁwa@ A Femsiera éX‘PWenM @oat, Inc.), zein(r)
(a bi odegr adabl b o gfgajtogbtﬁ%la%g&i feRMof G} (hﬁ\%% aha%bé& 366 bettdhA 2

pol ynmer of |acti rmentation feed stoc

hydr oxyal kaammmatebrﬁl—%@ndflr&)mnﬂlwfo&f%tlalqomlnﬁmsdtqllbﬁ) or %h@th@hﬂmle@éﬁr | ul ose;
chit osan based le fromshell fish wastes); or waxes and
oi | based c%’ﬁ\gpﬁ’ hcalgmsc‘)] asgefg(%{)@dl ment, it is recognized that to
facilitate the c(@;ataddlgg ob theh Ersrpradgalled ataretc lsespersgonwik | hoawgénspuso miirdure

speci fic indi catl o&g, sgﬂ; decre g the residual odor of wood in the
final produtuaRipging Heg ?)rfanﬂgtg‘grm?)dl can be increased to 50% or 30-50%

by wei ght of thed) inttMingrithet horgogemends tchapesitionntvith fhemotodfofth Gubiodegrddabler can
be decreased to 0%_ In a further enbodi nent, a vacuum can be used to form
a film arouft48E 40| ded article. Wen usi ng;a vacuumto forma film

around the nol deg) &fiihethe codtémér&vxﬂl&cmglﬁu fe@i@tanﬁ&maﬁng, mneaBRogEcm (fremel s of
wood flour/fiber and/ or_paper pulp cglg facil |t cuchlnlqn cess.
In one enbobEwerRal Ipgd %@ (F pigdgeradaple materigl dso ?mpfﬂf"‘g’ P cég be
increased t @130.a fflyRér GOX6tRYacEER! fehentdtion ffbédlaétodlfb Xgolf Bydra_)lydﬂcandat"bsan

alternate aslPect of " the present invention i s provided

SS
formng a b{fdHbgiemapicebiabfRrappiation), bactesin F‘%‘r“ Sﬁ’gc t°i?&p‘é”lse%?°&?"8ﬂs (?m

suspensi on, %ﬁ@fr&ngmfBﬁ%&eﬁ*ﬂrﬂva&@@émd'oﬂbﬁ&U&bﬁin gd at |ow tenperatures,
for exanpl e, t ween 60C, preferably between 0-40C, and

In another embodiment, it is recognized that to facilitate the coating of the molded
article, as well as for other specific indications, such as decreasing the residual odor of
wood in the final product, the amount of paper pulp can be increased to 50%, or 30-50%,

by weight of the final mixture, and the amount of wood flour or fiber can be decreased to

0%.

In a further embodiment, a vacuum can be used to form a film around the molded
article. When using-d‘vacuum.to form a film around the molded article, it is recognized
that increasing the levels of wood flour/fiber and/or paper pulp can facilitate the
vacuuming process. In one embodiment, the wood flour/fiber and/or paper pulp levels can

be increased to 30, 40 or 50% by weight of the final mixture.

Thus, in an alternate aspect of the present invention, a process is provided for
forming a biodegradable container by:
(a) forming a paper starch suspension, wherein the paper pulp that is maintained at

low temperatures, for example, between 0-60°C, preferably between 0-40°C; and

17



17 WD 03/ 059756 PCT/ US03/00827 (b) nolding the honbgeneous nol dabl e
conposition with heat to forma biodegradable container. In one

enbodi menwp oa/opr76c€ess i s provided for form ng a bi odegr adiirasSovmisat ner

by: (a) form ng a paper starch suspension, wherein the pregelled paper
starch solution is produced fromup to approximately 50, 60, 75, 85 or 90%
paper pulp (by weight of the pre-gel) and approxi mately 5-15% preferably
10% pot at 0 or off)emohiiginiad hemagenbouss uwhiable capaposition awithn) heataitel form a

appr oxi natel%;-gag)%wa er (by weight of the pre-gel), and wherein the
paper pul ptt gra Wlned at low tenperatures, for exanple, between
0-60C, preferably between 0-40C, and (b) nol ding the honbgeneous nol dabl e
conposition with heat to forma biodegradabl e container. t her.

enbodi nent of t O @BRAMMENt BPOFESH 1spprgw8§f£‘§)r§0rﬁ}l%g§§%?gjﬁtﬁg IR,

bi odegr adabg};e container by: (a) formng a pre-gelled paper starch
suspension that is maintained at low tenperatures, for exanple, hetween
0-60C, pr ef er aba) foretinge parGr at9Ich SpYPEDSiANy gﬁgemd@%meé?ﬂeéipypwtﬂf%smw fibers
or flour (hayj t i n j I ‘B by
el ght of (LRl toREREE arb R LRI SNRELTS BN TG pllr GF B IR b,
such as corpre-g¢lpamcinppfoximatelp SelStfe Iprefetatdy 40%Ipotatn ertpthes natupal stargh (fugliag or n

starch produced firom approxi € 9 rhL: ‘ ) ' dde
pre-gel) an® g%%?"edr%pg%f( ?%%tggg?e%’ ngtéég f"? ‘%‘%&%ﬁ%%ﬁ%@%ﬁ‘g%gﬁ sofl and

ot her hi gh pupérepulp athatwisi ghatntdinesc hie hove abrsperatsugs; hfos sexginplee rhgtwee d-6@€<anpl e

bet ween appr oxi ely 1-5% gl ycerol (by weight of the honbgenous nol dabl e.
conposi ti orBr?f)érfl{’ﬁ?tbﬁ F%Q"?éﬂcgéf@ 0.5-20% water, preferably about 0.5-10%
0.5-11% 0. 5- 12%b)1tholting? GRé (Hosropeneoint nwldablee cdmpmsiien owith nidatiap| ferm a

conposi tion),;. (vi) . baki ng powder, for exanple between approxinmately 0.1-15%
(by wei ghtb‘?ﬁ‘eé‘i"ﬁ%’l%‘iﬂ‘?@ﬁ%ﬁous mol dabl e conposition), preferably 0.42, 1 or
12% and/or (vii) additional materials, such as up to approximtely 5%
0-4% 0-13% 2-13% or 0-15% by . wei ght .of the hampbgenous | dabl e
conposi tion of A& F’a?m‘%%}'l‘ﬂ“f%ltpeef’?, enf H?Ve%%’r‘ﬁff’gg&g%Ipé%?gssg%{:gongéng a
bentonite, RERERAMMKScohtMepbRdUCts such as gypsum and cal cium sul fate,

m nerals such as |inmestone, a man made materi al s, such as f.ly-ash to form
a (a) forming a pre—ggﬁjed paper starch suspensi%n that ™ is mamtame¥i & Pow

temperatures, for example, between 0-60°C, preferably between 0-40°C;

(b) mixing together (i) 0-24% wood fibers or flour (having an aspect ratio between
approximately 1:2 and 1:8) by weight of the homogenous moldable composition; (ii) dry
or damp starch, such as corn starch; (iii) pre-gelled starch, such as a pre-gelled corn starch
produced from approximately 15% corn starch (by weight of the pre-gel) and 85% water;
(iv) waxes, fatty alcohols, phospholipids and other high molecular weight biochemicals,
such as glycerol, for example between approximately 1-5% glycerol (by weight of the
homogenous moldable. composition); (v) approximately 0.5-20% water, preferably about:
0.5-10%, 0.5-11% 0.5-12%, 10 or 20% (by weight of the homogenous moldable
composition); (vi) baking powder, for example between approximately 0.1-15% (by
weight of the homogenous moldable composition), preferably 0.42, 1 or 12%; and/or (vii)
additional materials, such as up to approximately 5%, 0-4%, 0-13%, 2-13%, or 0-15% by
weight of the homogenous moldable composition of natural earth fillers, for example,
clays such as bentonite, amorphous raw products such as gypsum and calcium sulfate,
minerals such as limestone, and man made materials such as fly-ash to form a

homogeneous mixture;
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honbgeneous m xture; 18 WD 03/ 059756 PCT/ US03/ 00827 (c) adding to the
pre-gelled starch suspension the dry or danp, honbgeneous mxture to form
a honogemwossd7dabl e conposition; and (d) nol di ng t he homogdrsosieosepl dabl e
conposition with heat to forma biodegradable container. In a further
enbodi ment, a process is provided for form ng a bi odegradabl e contai ner
by: (a) formng a pre-gelled paper starch suspension that is naintained at

| ow tenperaturegg) addiig w&mpére-,gellﬁdtmem sspéfikin theedre roahaynph domegmedis40C;
(b) mxi ng toQ )get her (i) 0-24% g fibers ar flour (having an aspect ratio
bet ween Wﬁ%foé‘?‘? pmogennps molgabl %VWV@F@H’P Bf the honpgenous nol dabl e

conposi ti on (i '(rl]l) %Mdmgrtheaﬁan@eaé@hmomste 36mBAItidon S twikh Cheat (foi Form a
pre-gelled starc such as a pre-gelled corn starch produced from

appr oxi mat epipdepsadablecontaipesr ch (by wei ght of the pre-gel) and 85% wat er;

(iv) waxes, fatty al cohols, phospholipids and other high nol ecul ar wei ght

bi ochem cal s, such as gl ycerol for exanpl e between approxi matelc?/ 1-5%

gl ycerol (by weilgha fofther legbodimenig en presesao dupidede Sirpfomning gn piodggradable

appr oxi m':ltelalma1 e?biO% wat er, preferably about 0.5-10% 0.5-11%0.5-12% 10
or 20% ( by ?1 T the hormgenous nol dabl e conposition); (vi) baking
powder, for exama) efoxhang/vaelxer'gpbercbphpmmdryh GuspedBan (hey is vimaigtainedfat tlhe

honbgenous I er 2% and/or (vii)
addi t i onal gﬁtpé’ia 576 for Ship abqﬂzﬁé"t @Sp%x.%‘%&{ob é""o‘(j?‘%cn% 0-13% 2-13%
or 0-15% by \Ael(ghmuaﬁg ﬁo@&hdmm)%mwsomﬁﬁedﬁhﬂbucdmpmgan aspectoﬁtim}aat\uceal earth
fillers, for exa such as onite ous ra cts such
as gypsum a?RPr‘E?‘é'qutF&rﬁ% d?i/ag)e ywﬁﬁﬁe‘?’ﬁﬁ %%gqn%{xg "i’nq%@t%?ﬁéoomgﬂ’g Yade
rrﬁt erials lsfjlccghrr@%tafrélyhs@‘ﬁhs téin s@fdi ﬁu) me@emmuﬁ swehoak wpﬁ:-ge(llea comagethng to
the pre-gelled starch suspension the dry eou xture to
form a hom@@ﬁ@ﬁ?gﬁ?ﬂl?ﬁfﬂxén%ﬂwaéﬁopbﬂam @W%Pﬁ R gﬁb%@%ﬁf H&%hol dabl e
conposi ti ongwy &&e@eﬁ&{ hRoHoly, @h@ph&i;ﬁui%aaﬂaobIhfgh@ﬁa&anai@vexgmmbcﬁamca@at i ng
the container with a gui d-resj stant coatin rom New

Coat, |nc.)sucka glycyro} af%F’S‘B@Qﬁ Bﬁ‘&ﬁ?”eaﬂ?ﬁfxé’P?g]P’ s g@l%\ Ct?EPlf P%PﬁetggF H§ thep g y

l'actic aci dpomogenous moldable composition); (v) approximately 0.5-20% water, preferably about

0.5-10%, 0.5-11% 0.5-12%, 10 or 20% (by weight of the homogenous moldable
composition); (vi) baking powder, for example between approximately 0.1-15% (by
weight of the homogenous moldable composition), preferably 0.42, 1 or 12%; and/or (vii)
additional materials, such as up to approximately 5%, 0-4%, 0-13%, 2-13%, or 0-15% by
weight of the homogenous moldable composition of natural earth fillers, for example,
clays such as bentonite, amorphous raw products such as gypsum and calcium sulfate,
minerals such as limestone, and man made materials such as fly-ash to form a
homogeneous mixture;

(c).-adding to the pre-gelled starch suspension the dry or damp, homogeneous
mixture to form a homogenous moldable composition;

(d) molding the homogenous moldable composition with heat to form a
biodegradable container; and

(e) coating the container with a liquid-resistant coating, such as PROTECoat (from
New Coat, Inc.), Zein® (a biodegradable material isolated from corn); poly lactic acid
(PLA, a polymer of lactic acid from fermentation feed stock); poly hydroxyalkanoates
(PHA, from microbial fermentation); bacterial cellulose; chitosan based polymers (for

example from shell fish wastes); or waxes and oil based coatings.
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(PLA, a polynmer of lactic acid fromfernentation feed stock); poly

hydr oxyal kanoates (PHA, from m crobial fernmentation); bacterial cellulose;
chi t osan welasds966 yners (for exanple fromshell fish wasPeT)usSovnosemxes and
oi | based coatings. 19 WO 03/059756 PCT/ US03/00827 It is recognized that
in any enbodi ment of the present invention, paper pulp can be substituted
for wood fibers/flour. In another enbodi nent, a process is provided for
creating an oper is@coghigainthatdmatyadnbedintzyt of(th) presntinmentianS papatpulprean el | ed
starch suspension_that is nmajntained at a low tenperature, for exanple,
pref erabl y FPitpted (’Y,O"ﬁirggffrsﬂP‘gf erably from 0-40C, (b) nmixing together wood
fibers or flour (having an aspect ratio between approximately 1:2 and
1:8), a second pre-gelled starch suspension to form a honbgeneoys

conposi tion, andnaneber embesimeisa PEQFEY §sPravidyt, for ecrepting AN cﬁe@ka% gas;
(c) adding {Qutheps.irst pre-gelled starch suspension a dry or danp,
honbgeneous m Xt u}lf'e contai ning the wood fibers and second pre-gelled
starch; and (d) (wofaining &hlirshpreegserte slaschc spprysion bat 6 maintained a2 flovm a

bi odegr adab) e _cont ai 1L i g nt invention
is direct edtePBCrStuf)el’ g’éggésmql%i& r?%r?@??a& ‘E%@gg@gh?g? %ra?l%gﬁwm&ﬁt?gi ner by: (a)
form ng a pre-gdb) edximpatogithauspehdibers pr dbuc dbiaving an agspecd xiatimthstwees - 5%
potato starch (b i,ght aof .the pre-gel) .and.approxi hat - 979 ter (by
wei ght of t# rog‘ﬂ\gaég%é%langﬂcﬂ’ﬁ?&?"dtm -g%?eg S%éﬁhl SEP egﬁéﬁnfgﬁ%g?%g%él Tt ai ned
at | ow t enpemaobities and 8 sourexagps, sychlaeh vaeee di-c&B6h dipride gasabl y bet ween 0-40C,
(b) m xing together wood fihers or flaour. (having an aspect ratio between
approxi mately 1:© %@l‘?H‘gltf’é{‘? P‘gt 8’5’6&?”8‘4 Hprgh é}éﬁpf:'ésb‘g’s? a'fyc‘ﬂp péﬂg?%ﬂect“tshe
Sﬁcond prg-ﬁs&u}recclm)mﬁu%mévﬁdoamba@aﬁcnslewgtpoﬁé-geubatyoaﬁgmdstaL ch ]gby wei ght gf
t he second pre-qge an appr oxi mat e 5% wat er y i ght,.of the secon
pre-gel), and bgﬁ) ﬁ’@lql%meli‘qmqgﬁ?eou%ﬁéﬁwsg’oﬁe‘f’%é‘%atot.ovg‘-"g2"0/(‘)’183?? g onder
(by wei ght g@htddee honogeneous nol dable conposition) to form a honpgeneous
m xture; (c) adding to the pre-gelled potato starch suspension a
honbgeneous m xture containing the wood fibers and pre-gelled corn starch
to form a honpggpgeifffintRRintent, the present invention is directed to a process for forming

an open cell foam container by:

(a) forming a pre-gelled starch suspension produced from approximately 3-5%
potato starch (by weight of the pre-gel) and approximately 95-97% water (by weight of the
pre-gel) such that the pre-gelled suspension is maintained at low temperatures, for
example, between 0-60°C, preferably between 0-40°C;

(b) mixing together wood fibers or flour (having an aspect ratio between
approximately 1:2 and 1:8), a second pre-gelled starch suspension (the second pre-gel)
produced from approximately 15% corn starch (by weight of the second pre-gel) and
approximately 85% water (by weight of the second pre-gel), and baking:powder, for
example between 0.42-12% baking powder (by weight of the homogeneous moldable
composition) to form a homogeneous mixture;

(c) adding to the pre-gelled potato starch suspension a homogeneous mixture
containing the wood fibers and pre-gelled corn starch to form a homogeneous moldable
composition; and

(d) molding the homogeneous moldable composition with heat to form a

biodegradable container.

20



conposition; and (d) nol ding the honogeneous nol dabl e conposition wth heat
to forma biodegradable container. 20 WO 03/ 059756 PCT/ US03/ 00827 The
processeswoasosi7’bed herein will produce bi odegradabl e contrairnsoyodshat are
formed fromdifferent conbinations of materials by weight. For exanple,
containers can be formed from approximately 16-61% pre-gelled potato
starch suspension (by weight of the honbgenous nol dable conposition) and
approxi mat el y 1Th3piedssss deseriB@hevwimavill firpdice bigdegliadable conjaip@s dat 255 * t he
honogenous nhol dabl e ..conposition). | ddi 14 . Marg i L of

ot her mat erf?%eg?@a’nd‘&gg&(ﬁ? ! ﬁgl{shogn n\]/\%%% Ilsfl%}gvg?lgmbrpo? P%atﬂﬁgc%%ggﬁg?a
honmogenous yifsred SrobefppraRinatdly 16-61v6 weigbli¢dmotaso etaphl sugpinsiomiby weight pEnsi on,

including, but not limted to: (i) appsoximatel 75 86% 3 corn
starch sgsps%h@rmge@w milais C%Péﬁas)n) é%‘ﬁ}éte#oﬁd%%é%‘g%ﬁ%%’g’i %V:Bgdn)
(suspensi Orhc?teﬂro?ﬁgurf(f)QWe@Hp&q& £0h SeNoB mididabldompositia)c n adftiongvaytons of t he
pre-gel) and approxinately 85-95% vater by weight of the pre- I%e; (i)
appr oxi mat eloymbiatiBseof attiey eateriglsgan (s adged é’n‘ched%’ofi eﬁo%%‘gﬂgﬁg dabl e
Conmposi t i Oggoénrogé}{fgseﬁ&gﬁk ﬁ%;@r‘e IR R BB lbYe- o168 atRich 4uspIisidhiint MeinpHudt O

starch, an native corn starch; (iii) approximately 1-5%
gl ycerol (motlimitghto: of t he honpbgenous nol dabl e conposition); (iv) up to

composi tron)? (1) BBER L s e e £, S ey T e

ng[rg?_enlous(hgmgd@bt ?om?mpﬁemﬁésdﬁo)l) (opepsipe gmeh Somapproaimaiely fr ‘Vso,%;éﬁat ur al
ials i e_honpge . o .as

bentonite a‘%@%b%mhfEﬁ%w%rf)g%%%ﬁ%ﬁ“%%%@%%@%& '? f%ﬁg The term

"sheet" as gped herein refers to any substantially flat, corrugated,

'?'ﬁrevgﬂéet l;)eg ;,n Ziri)sép%%(c}xyngﬁgysﬂs%% MU oy &Qﬁhtngil RS mAgeHond RefiabEr €1 n-
composition), for example 3-5% (preferably 3.7% or 4.2%) native potato starch, and/or

15.4-34.4% native corn starch;
(iii) approximately 1-5% glycerol (by weight of the homogenous moldable

composition);

(iv) up to approximately 10 or 20% water (by weight of the homogenous moldable
composition);

(v) approximately 0.1-15% baking powder (by weight of the homogenous

moldable composition);
(vi) less than approximately 5% natural materials (by weight of the homogenous

moldable composition), such as bentonite clay.
DETAILED DESCRIPTION OF THE INVENTION
Definitions

The term "sheet" as used herein refers to any substantially flat, corrugated, curved,
bent, or textured sheet made using the methods described herein. The sheets can also
include organic coatings, printing, other sheets laminated thereto. The sheets within the
scope of the present invention can have greatly varying thicknesses depending on the

particular applications for which the sheets are intended. The sheets can be as thin as about
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i ncl ude organi c coatings, printing, other sheets |am nated thereto. The
sheets within the scope of the present invention can have greatly varying
t hi cknesswe odopseli ng on the particul ar applications for peiiash3/odse7 sheet s
are intended. The sheets can be as thin as about 21 WO 03/059756

PCT/ US03/ 00827 0.001 mmor as thick as 1 cmor greater where strength,
durability, and or bulk are inportant considerations. The term"filn is

not i nher eploby nthfdradsanick fa6 ANt e dredien widie etréngehy dlapbility)adnd” dri bull arenor nal | y
denotes a very thin sheet. Filnms are often formed by processes that are

di fferent iMPASHENIEOWFISHEINS are nornal |y formed, such as by film bl owing
rat her than sheet calendering. In general, filnms wll be defined as
sheet-like articles having thicknesses as |ow as apout 1 m CE%QP nd up to

about 1 mm . THee teon i$filmos et dnherently differenh fipm thederp “shgets pxqepyt t are

shaped direct| r..indi : r U biRBSeuihtige diffkref! di ng
met hod knmﬁlﬁm?a){nly'(t%i ﬁ%ouléf%td\%e%?ﬁ%ﬁ %gggmpﬁ%g%?éﬁra\%?@fﬁgg%g?& n this spergi fication
and the appendadwcshaétsmré siormallyefodwed,t sch ras| b dilmnplowingi eather thascghselacl e, or

vessel utilized for, storin di .spensi-n [ L Nl
shi ppi ng v&PFHTEEJp &L g%dvﬁf@ﬁ%e %erﬂ n%l)?se%%&sm?{?r?@%eéiﬁﬁg%nhg@%ﬂ%gte QBSI imited
to, food anslv RearettalgBicponGild ap s abopeminf.i ¢ exanpl es of such containers .

i nclude, anong others, boxes, cups, "clamshells,"” jars, bottles, plates,
bow s, trays, cartons, cases, crates, cereal boxes, frozen food boxes,

m |k cartons, bapstermatkslded afticler shafl aefebavertdes thabnteasimped dirdithhes, egg
cartons, lids, straws, envelopes, qr other type holders. In addition
to i nt egr alindjrepthi P StRTSh COMPRSIONS RYRg %ﬂyﬁﬂ‘éﬂ‘f‘g B\ﬁﬁ’ﬂg%f’%wﬁlggge #H conj unction
with containers are also intended to be included within the definition
"contai ner". Such arti'pl es, include, for exafnpl_e, I(j gns, | ncgr s,l .Sstr.aws,
partitions, w appeftesm ©CoRANEna§sahie hig seeciiiqgiin,and the appgn ﬂf Prhet
product Us%qeﬂdégﬁé‘QK@}Qden%y siiele] Reptadle, PR Pisel MMk Rirndorirpe [disparging, OF

di spensing an object withi'n a container. As used heregin, .tgjreﬁl.teg%ggry or
danp" r ef emackaging poRianinge SMHEPING GHOWT PS4 Rraducts g Qpiecty (inelifling, t or
vetted, gengralily #bd Bnd'BiRFage PrédheidPspedine examInest SichRYnthiRers S&dude, The
anount of I|qU|(§ in the conposition 1s not sufficient to act as a carrier

between paiong bébersi hpxes cunsoaha phallsn jarndotilse @latesr RAVHS: e P cases,

"honogeneoygs i Xt Ui oxdse5i65cn Hod BbesUnfR cAbonObdll saBl@! tarfibts Foebevaragdf
solids in &1 guid carrier which are substantially uniform |}§101§orrp%13| tion

containers, dishes, egg cartons, lids, straws, envelopes, or other types of ers.
addition to integrally formed containers, containment products used in conjunction with
containers are also intended to be included within the definition "container". Such articles
include, for example, lids, liners, straws, partitions, wrappers, cushioning materials,
utensils, and any other product used in packaging, storing, shipping, portioning, serving,

or dispensing an object within a container.

As used herein, the term “dry or damp” refers to a solid composition that can be
dry, or can be moist or wetted, generally with water, although other solvents may be used.

The amount of liquid in the composition is not sufficient to act as a carrier between

particles in the composition.

As used herein, the term “homogeneous mixture” refers to mixtures of solid
particulates or of solids in a liquid carrier which are substantially uniform in composition

on a macroscopic scale. It will be appreciated that mixtures of different types of solid
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on a macroscopic scale. It will be appreciated that m xtures of different
types of solid 22 WO 03/059756 PCT/ US03/00827 particles or of solids in a
l'i quid cawpioasEse not honpgeneous when viewed on a nicr @€TABY0EEal €,
i.e., as the particle size level. Pre-gelled starch suspensions The starch
conponent can include any known starch material, including one or nore
unnodi fied starches, nodified starches, and starch derivatives. Preferred
st arches (pamclencdrud”e scvmbtmamhquldno%tﬁlfm g BAtahIpPseRRous | whep pyigwed P} #n a
native state as a. nul_ar ich will forma thernoplastic nelt
by nixi ng AHEORERLG ﬁae’ l'§t’38§1 palﬂd %g?lcgg consi dered a nat ural
carbohydrate chain conprising polynerlzed gl ucose nol ecules in an

al pha-(1,4) linkage apd is found in nature in the formof granules. Such
granul es ark é‘eﬁég?qg arcpsbﬁ’leﬁf‘%'tf fromthe plant materials by known processes.
Starches used in formng the pre- gelled starch suspension used in the

met hod of the invention desirably, possess,.the ol | ow r ert| t he
abi lity to formihgdiheepmponent Sap inchidg@mK KBPYD ¢ °§‘ 'BV\% tf}“’%‘ eonlgf]or t he

presence Ofmm%mfo){ﬂi%é sfaichQ.Jf hRydif#8 stk dhad, Sind aRecH degivaties. ﬂyefmdrmlrches nt o
plastic-like materials at |Iow tenperatures, for exa

pref er abl y deminehuln nps68(T,unmefified ﬁaqchélabwé@é‘ﬁlbém&fnaw%efs a3 %ﬂ@gﬁ?ﬁwﬁ’gt erials
and in moi st dwgﬁﬁ; i rug?tﬂ%g{o?laﬁ?&hfngl't thy Rixy RidHédbiglg SSthRRGS h@l@ng

produce an open ce both i nsul ati on and cross | i nki ng of
conponent s.co$iderpd @hetorabdarbohydrateschain comprising peymMerEsgalucoss BOIEISSHP 38 aj ns

(e. Q. corn }]a‘;ﬁ)&% écl?algo ﬁr}d"ﬂ?&éd 11?1?4%\%@ tij'mhe Frizfo %?Jﬂle‘é@iﬁéh blaffles WP k&sycan

al so be usé crac tate bers otato), roots
(tapi oca (iliteratedcas aheaplandnammsdn')knomceiﬁm Sttagches éiPRSl larf?rmm&)@ﬁ pre-

modi fied cor Qﬁ‘; gb hislfsand LN%eRlih @ ett % SR m%ﬂﬁon%siraﬁ) BBssbégtﬁan' ng to

be bound t % PESIRBCISNI'S e anat 1 on esirab
properties fahswingebpehien thd"laﬂallntgtd"lfmdndwdmhé geisravém molntailsthlérsoll Soy@are int js

bel i eved t he roperty hol d HPARGEH ghsliga until
the pr oducttEQQFste%%‘é’o&ﬁd%to aéeq{ 22 rrol st ure Itgvnlé sﬁg’gﬂstant within
the m Xt ur ematetidls avloo tdmpstrmgres rfoi ekanmle Betwese 6GAWC, prafprably petwsenn(H68&nt i n

; (I;rernt { ﬁgts | \t,\ﬁlq(()?llqn Ifl}n?é%gsggqré;%f am{lge {aﬂ%e (%E nhaggr&ar]sug tdnglt%'llOéét l@fiﬂl’O?lmq{itg gﬁd l%%ghlﬁftl ed

confines 0fh1% 8indRgChtreddths aioprpdiex ah lopere cdl steuvgire fierl batl osslatﬁqnna(@opr@ﬂsr uct ur e
is the backbone for the duct, exhi biti.n ation
properti es. inKing @mpa%ansgé'ggprgiegﬁg PP @6 §C}IBPP r%é?%g%gﬁ%%gﬂlﬁ%% with
wat er (for &?ﬁ%ﬂﬂx? cBin, WB¥E sorghfim, rice, and waxy rice, whxch can also be used in the flour

and cracked state), tubers (potato), roots (tapioca (i.e., cassava and maniac), sweet potato,

and arrowroot), modified corn starch, and the pith of the sago palm.

While not intending to be bound to any specific mechanistic explanation for the
desirable properties observed when the method of the invention is employed, it is believed
that the gel property holds other components in suspension until the product can be
molded and to hold the moisture levels constant within the mixture until and during
molding. The second property is evident in the transition in the mold of the gel structure
into a drier and dried form that will then melt into the binding plastic-like product within
the confines of the mold. This complex three dimensional cross linked structure is the
backbone for the product, exhibiting both strength and insulation properties. The pre-
gelled starch is prepared by mixing the starch with water (for example at levels of
approximately 2 % to 15% by weight of the pre-gel, preferably at least 2.5%, 3%, 5%,
10%, or 15%) at about ambient temperature (approximately 25°C). The gel is formed by
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approximately 2 %to 15% by wei ght of the pre-gel, preferably at |east
2.5% 3% 5% 10% or 15% at about anbient tenperature (approxi mately
25C). ThewgaB/oswsé ormed by 23 WO 03/ 059756 PCT/ US03/ 0082 PCTaisoswos2heat i ng
the water-starch m xture with constant agitation until a gel forns.

Conti nued heating will slowy degrade the gel, so the process should be
stopped as soon as an appropriate |evel of gelation is achi eveg. Gel s can
be used colstwlyTheatipel the swateradtdreh foixtuze Withyconaipat gitation ryngid & Selg lorms,

storage a hjocide,can b I Ih8das s8bn &pout 10
t o about 5%nWﬁ$h$?igg gﬁ}’ %g‘ggﬁi g;@ﬂ?ﬁlﬁg@a&%‘}’% g?e'ssgggbgﬁﬁ\%ﬁﬁp_t h%tst neI ate and
produce a higpprofriaedsvel yf gdatioa is shisved ebels ¢ap\be mesdmoldat Theegel Iatableterl e,

potato starch quick el.ates and reaches ~ i i i tigpout
B5C. Tho. wiTGLaUPHreLTEER loRr BB, « PBGNT 11000 PHET SOE Rl Pi OOVl oo
starch act srhgbuflBtoabhds06 gshi on and can al so be used. Such starch-based

bi nders are valuable in producing thin-walled articles having a snooth
surface and a skin wth sufficient thickness and density to inpart the

desired mechani pak.rRf QRRAIHaEI! bikderRO Mo thateRECAMdPraIS £highvBeositgat ubl e i n
cold water; however, if the outer nenbrane has be,er] blg%{oken ?yéa&ﬁ% by
TAE T t he

grinding, tahwlatjvelnldve temansratargelor gxampls) gotalgrstarch guickly eglakes sa
intact gr ar}tﬂ%‘ﬁﬁmﬁ%ﬁg}s‘& 3 %u}’]\’tﬁ"@ ‘f’l’gé Ws¥R}t§ thentdereabed et cBig 2R Inimandt a

portion of e solubl'e"starch diffuses through the granule wall to forma
paste. |n habout 9594 A¥heat starclyaciminlasimidardashiop gn enrplsgrbe asede Stch faseh-pased, bur st

resulting i,n gel ati f. A0 %t L1 hp L LRRE 26 @id adKich a
starch s~V\/eIl11'§dg%§r’?H3 Vgaglf%g égtpgbglblgﬁ%)gﬁlgr%%lﬁdegﬁ?gge(ﬁaﬁng star c]ﬂ%MG_el ation is a
resul t of twieh sufficizat thivkydsosml qrobiprterimpartdhe desired mechanicplaropertiednpr essed

wi thin the granules, stretching out and cross-linking with each other and
with the anylopectin. After the water is renoved, the resulting nesh of

i nt er - connect edpgénerty stachagiramlds caresnslublel indcaldtveatsrahoversr, i€dbe RBIgE a

tensile strength yp to about .40-50, VPa. .. Q/ ESld $3Rr & SO be
used to bi rfae’ﬁg‘ﬁ‘?ﬂe\t;’iaﬂh%ﬁ"%é Peb&a%g" Bé@?‘f"c‘ff{%ghea ‘1\1?%‘%‘?% \?th 'n the nol dabl e
m xture. | tfoinSa pASWhél the imact griudles srb ereatedwith wefm waten ithe gramdesswhll ad 2 s by

repl aci ng the, wate i.nherentl .%ou i tar ‘_E] Wbl ¢ oRL gt | ow
Vol ati1 o pirssionciabs sgigR sPETYopgEdpohth B Y o AR 08
deconposi t i pdler! BETREimaALes strell S0iGhchas gliyre ahdt nheypairstatekylitingién gelativasof therono- and
di acetates of glycerin, sorbitol, othe ugal,. al ¢ B}gl WL hEes- This
can al | ow PERIS: ‘?W&t&e‘ﬁl’ﬁﬁt@&"éB‘Llhfc"ﬁ’ta)fgar%‘rsgg[lseermdng(é%c eﬁ?lif%egpg%rfr eh%t h, better
di mensi onal gtarch. Gelation is a result of the linear amylose polymers, which are initially compressed

within the granules, stretching out and cross-linking with each other and with the

amylopectin. After the water is removed, the resulting mesh of inter-connected polymer

chains forms a solid material that can have a tensile strength up to about 40-50 MPa. The

amylose polymers can also be used to bind individual aggregate particles and fibers within

the moldable mixture.

It is possible to reduce the amount of water in starch melts by replacing the water
inherently found in starch with an appropriate low volatile plasticizer capable of causing
starch to melt below its decomposition temperature, such as glycerin, polyalkylene oxides,
mono-and diacetates of glycerin, sorbitol, other sugar alcohols, and citrates. This can
allow for improved processability, greater mechanical strength, better dimensional

stability over time, and greater ease in blending the starch melt with other polymers.
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stability over tine, and greater ease in blending the starch nelt with

ot her polyners. 24 WD 03/059756 PCT/ US03/ 00827 Water can be renoved before
processi mgolmg/osegssag starch that has been pre-dried so as roTrnS®eB2at | east
a portion of the natural water content. Alternatively, water can renoved
during processing by degassing or venting the nolten m xture, such as by
nmeans of an extruder equi pped with venting or degassi ng neans. Native
starch can al so Wakitdaabt semobed lbﬂfmaqbaﬁesmigrbya;smgaﬂatchqhmhasi heynpre -diigd e and
glycerin in order to fﬁrmstarch

procedure i 8rreRgVE 8blehth§ %9530’%8 'Fait‘ggl? et C?{lt%gd}é&erf’%we grr“%%?g%ggsy "

subst ant i al fdeyoddd! dudihg Ffwesmg By dédaesigf sromntingtheneltaspbeire icl fxbymnesent
invention, the pre-g

| ed starch suspension is duced fro R xi mat el y
3-10% pr ef@fraamrudee eqlsppe¢ withgenting pr f&es%ﬁﬁea nlﬁ?nw Ay siggeh £3pen i?raig ’Qg
preferably, beotﬁéxﬂ%@ m\aarsﬁﬂu RRdit? Or V4% HRt gapcehx iNVBideo fofm lARhRAGS @R Such

that the pre- suspension is maintained at |ow tenperatures. |In one
enbodi nent , are tsebqut@b@l adegasting procedire Pioh toc 89p1ing apdisplidificatign dn oxder to

tenper at ur e, ARON S LK ERE NG 0O Sucl AedBghner  embodi ment. the pregel | ed

starch sol ution can arned tor greater that 24 hours, up to a few
days, if stored refrigerated, for exarrple between 3-15 C. I n anot her

aspect of the present iny tlon nis
produced from aﬁb%&aspracttgf egrei%‘éénvg’]rite ngeyge@g@/(;g Arg 1?%1‘?5@%1 %géﬁrgﬁ'@ﬁ? of the
pre-gel), ﬁdsrﬁfaﬁpsrahhmtego?. -40%, stfarably, 355, J])S/@plamé,rstmh lpy veightedithshpreegel, t he
pre-gel), e % f er abl .

5. 9-6. 1% P iralesb o pota; i nq BUov e o WF%Et drge f pree$e)l gu‘g’utg%t e 3 he
pre-gel |l ed sdispempeivniis masanaamu snedwaémb@mﬁeﬁarrﬂleom embslimén, thagregeled

enbodi nent, the pregell aper sol t| on, can ained at all
terrperature%ar"lhﬁ‘g%o fag |‘ﬁ§‘g 5’@3 ?ﬁﬁgﬁBW{%Preéﬁ‘B%V&%ﬁ'Pg’ Pﬂ% B‘rg{fgﬁred
paper st ar Cémisuainkint, @k sragelieEstardR ssThadn el bfeQﬁangaleai for gteh@t thad2hlensrss upup to a
few days, if st or ed refrlgﬁ;{'atedd for exg %t&een 3-15 T. Paper pulp
In one aspe‘(":’ta fo days; i stoved Eeitiggpted: SprepamB %813 i xed with the pregel.
The preferred anmount of paper pul p added is in the range of 5 10% by

wei ght of the pre-gel, preferably 5,9-8% nore @ﬁ)erab

6576, 7 or 5. 0.Ib sRGher PHSCLA1a, PSSR IBRHO £ AT BHe PRt SNk UGS
pref erabl y ﬂr@%cg@%ﬁioap@fox%d?@& smawrpaéferabl@rm% (sﬁtml{bwecgm of thetpad-gd1),, and
75-90% wat er, for exanple, 580 gm wat er 1‘51 tn‘h Bt P % aggrgb and
preferably potato starch; 5-10% paper pulp (by weight of the pre-ge preferal Y,
more preferably, 7.3-7.5, 6.5-6.7, or 5.9-6.1%; and 75-92.5% water (by weight of the pre-
gel), such that the pre-gelled suspension is maintained at low temperatures. In one
embodiment, the pregelled paper starch solution can be maintained at all temperatures
above freezing, 0°C. In another embodiment, the pregelled paper starch solution can be

maintained for greater that 24 hours, up to a few days, if stored refrigerated, for example,

between 3-15 °C.
Paper pulp

In one aspect of this invention, prepulped paper is mixed with the pregel. The
preferred amount of paper pulp added is in the range of 5-10% by weight of the pre-gel,
preferably 5.9-8%, more preferably, 7.3-7.5, 6.5-6.7, or 5.9-6.1%. The prepulped paper
can be mixed with 5-15%, preferably 10% potato or other natural starch (such as corn
starch), and 75-90% water, for example, 580 gm water, 57.5 gm dry potato starch, and

42.31 gm paper pulp. The mixture is stirred at slow rpm while increasing the temperature
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42.31 gm paper pulp. The m xture is stirred at slow rpm whil e increasing
the tenperature 25 WD 03/059756 PCT/ US03/00827 to 60-70C, after which
prem xed woy3josggsedi ents (wood flour (preferably 5-10% (wpPaI/USAs/0032AN
aspect ratio of 1:8; 1:9.9; 1:9 or 1:5), native potato starch (preferably
10-15% (by weight)) and/or native corn starch (preferably 10-20% (by

wei ght)) can be added. Paper pulp for this invention can be produced by any

met hod knowg sthotdlcads Tvx?nfch &e@gﬂgﬁngr@d@n& (PoQUoTEERFerbhy BIOTLGHSH) DY

mechani cal I'y “or em ca ucl lants in hei r conponent
parts fromwith ahaspet tamo qﬁdgﬂeﬂ 9%hd: mﬁ&)mmp@métascw@femw h-di5%i(bxr

proper sl ushi. at nen r Qg&s (Lavigne, JR
"Pulp & Pap“é‘?r]%)@f‘ 8 QC%gtgrcRMrFf?r%gl r%ezg?a§§%}e§@9 ;Hr?%Fganm sco).

Cel lul ose pulp pr oductl on is a process that utilizes mainly arboreal
species from specialize cultlv tions e th od,
typically reduc ap%fd’“fﬂ g’éﬁ‘%‘? (5'H’§n cﬁﬁ&ﬁtpr%'g%gg%yﬁlgﬁogﬁgﬁ\?% nessare(,)\? about
5-7 mm is Fab&%ﬁdls%tﬁﬂib@hnét@mﬁfoaﬁdtﬂe:yahifﬁdhmﬁ@ﬂy of ehemmdhlysedubmglvwodyn xes of
chem cal reagents that selectively at téV%ccgu bgnl n and hem cel

|
macr onol ecul@ss inte deedry F‘H’(}P(’Pﬁ‘érﬁ%lf{?ﬂ? BRRST ARd PRRAIPY ghegfs%g?
treatnent, 191%%} roﬁ@rl 411%91 (‘aﬁ&)ﬁhzﬂﬂent & Red Br |d‘ib§olvfng\{duﬂidhd§$11av1gd&em still

contain part n| n and are nore or | ess n rovvn oI ored.
@G

Raw pul ps (:“:Rnlpbb Pgmirﬁltﬂ% d”%Mlﬂ@rFreW%ﬁ-%ﬁfﬁ“}?&Fo
suitable t Dr ?#cmdqﬁta r6de8OHkt ﬁﬂ%srrﬁalﬁlyQmo%amegﬁyi’r@ﬁ sﬁ&ﬁhhz@@hﬂﬁﬁﬁoﬁ@' ecul es

in general; I'S sec operation is comonly referred to as  "bl eaching".

For this. pricssdyce rﬂeﬁmmergwumoqi,nm@amedm@ﬁ@§lw0ﬁﬁ9ﬁﬂb§)un§§é’@ mgRndh with
the help of g,hcgnngsg @&R%tﬁ%ﬁsls (RAER ! hiBh @fipciRire dnf Jﬁ&a;}wlmnsuqsm@l gh

pressure antd ure, ar€ selectively delig tootam@g{g
cont ai ni ng mixkd ubﬁ)snmemmdl oteagants dbﬁtp@ﬁbﬁtvgl)’ofatﬂaﬂgnb@élll ands bemigpllidese pyl ps

are then subnittec u?]e(g megh ?l?e#n aABlb1eC e (Fga‘Lem ce &?'m{srﬁé{ fﬁ%ﬁ'ﬁn%nt in

order to cdMTERE“the rerm gnin an l'ul ose residual
conmponent s, coaintbniyt cdlied &'dodkingy’” ,eaﬁtceﬂedf bawgatﬂmi’, qbﬁbdulétcpmwn partly wedifiedr m of

paper pul pH?gi?r& bs aje ul?)ﬁrgtor Tosh Eﬁva%‘%l&%' ? O;% B 8E Eﬁbtﬂﬁg d@' iy Dry or

Danp Starc I onN~of a prege anp materla s can be added
(such as fldhahﬁ;al—pl’fyhloalrt,reapnérm switabler tp dinanatbnea@oat @niireolignie molgsules pad

ol el AL 01 s B ST SRl GO
and i ncr eas®lchdiings! Forathis ipadcessntapl growtholignibues ;ﬂimﬂsahrermﬂmlgdlsqﬁg wilicht with
the help of chemical substances (alkali or acids), in condition of high pressure and
temperature, are selectively delignified to obtain pulps containing cellulose and other
components of lignocellulose. These pulps are then submitted to mechanical and
chemical-physical treatments, in order to complete the removal of lignin and
hemicellulose residual components, and utilized thereafter for paper production. Any of

form of paper pulp can be used in the packaging materials described herein.

Dry or Damp Starch

After formation of a pregel, dry or damp materials can be added (such as fibers,
flour, pulp, or dry starches) to produce the final moldable mixture. The dry or damp
materials can be pre-mixed before addition to the pregel, to increase the homogeneity of
the final product and increase the structural integrity of the final molded product.
Preferably, the amount of pregel added to the final mixture is in the range of about 7-60%

by weight of the homogenous moldable composition. Preferably, the pregel is about at
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Preferably, the amobunt of pregel added to the final mxture is in the range
of about 7-60% by weight of the honbgenous nol dabl e conposition.

Pr ef er abl wo Bloe9786 egel is about at 26 WD 03/059756 PCT/ UBQ3/30&RARW27 | east
7% 8% 9% 10% 11% 12% 16% 16. 3% 25% 33% 42% 47% 54% 50% 52% 55%
56% 60% or 60.4% by wei ght of the honogenous nol dabl e conposition. One
conponent in the dr /da mat eri al that can be added to the pre-gelled
starch is %38A0e8%, 9% V% B%nl 266, 6%y 16T ptaiB Y, #hYes4 B aTeh 50%n52136, cor n
or other dr t r X t at st rc)

Pre-gel at i n?ggd%s)?g;ro f:/ &lgaoggd@};l;?%g}g%gh%gﬁmg én%ﬁ BBIdYagggan?o& e nol dabl e

m xture. Pregelatinized starch based bi nders are starches that have

previ ously been [0 ck i nt powder. Since
pre-gel ati ni zed @Sflt é%n%ase SWZJ 33 ajf@??aﬂ b@@ﬁge‘ﬁtﬁfléerpre'gﬂ&q starch

st ar ch- baset ddrp dedzsnpcsiairclbbmaﬂdeﬂlpdmnt Mkhis smbkledal e ddtndribiifr U kP& @ase the
m xture vi sc05| %g&l’l or. to bein at ed. The increased viscosity prevents

settling andRHROGPoHeRY ‘f’]i’ﬁat:%értc ) ePre-gritinized stgich-based hindepsomepirerhe  can

be pre-gel | adliell fo the WEIMMBIe Hixtird. PredeRtihDas stﬁleﬁs5§e@%§1dé@%¥eestarﬁ%fs 1R AfRl e, the
second starch, c$n*$onent n,be pregelled in a mxture bet ween about |
and 15% st aPEHOPFH O neﬁ%li’fﬁ‘f eAriedoand, grourd Q?Qi‘hyﬂtcaﬁd’%@ﬁlg%mregelaﬂlmzqdhese
cases addi t iBORbasdd $intR It oRCwaB 4RA RNGLEF Bl L bOSadIBIPANCONS
mxture to adsorb excess water. |f thé preg eT secon arch is still
danp, the pekiable mixtyrecigrincrease Hie mixtuel vnssoaxtm prineto beighateds Fhé Gibebsed wei ght
of the honpgeReius prrPindalhf b oyt 57% or about
65% The concentratl on of ’t‘%g'mﬁgﬂ’%ﬁ’ a\iarcgﬁebf&r%%fgfdlg b_F):"S Sl? LCEROaEH| e

m xt ures ofcapthe prpedisdrin ajmapaen similarap ¢hat defceibeshibpve.n Far examgle, fhieatecabout 5%

to about 604 by 09 t conpo n

preferably i nr ac nggﬁ c?%%?%gelib‘aqg%‘%ﬁ&ﬁ gp?e%%ﬂ@abogng 'Pd)gpﬁqa’é‘ggfoébl y
about at | exempBouyp%Rayy stam% aris8Ar 996 R y.%n 28%e 2886 3tionaBdrYsstagsh 34 e by
wei ght of tged I | urt her onmbi nati ons
of different est%;%ﬁ%s hg&g éﬁ;e&% orérrltor af S%rg FBFGE MY ef:o#tﬂﬁ%l’reg%]@g

vi scosity, seefdistaechris mllﬂlaelpa meqmqhmaltanmunmogue addedtleimﬁé adnge 66555-65% vl | as
to affect t t t 0 |83 of the f ened griicle. For
exanpl e, t ﬁgeq%ﬁ% ? El%ehl(f:"gé e%(g{r%slﬁ@fia C%{“‘Fﬂsﬂytoﬂ’r'go tg'ra[}g'oﬁboﬁfa ° O APPUAN
pot at o starﬁé%-(16 44% of corn and potato starch by wei ght of the
honogenous nol dabl e conposition), such that the corn starch conprises

bet ween about 13-30% preferably between about 13-18% or 28-30% and the
potato starch c®hgpeansesration of the native starch binder within the moldable mixtures of the

present invention are preferably in a range from about 5% to about 60% by weight of the
homogenous moldable composition, more preferably in a range from about 15% to about
30%, and most preferably about at least 6%, 20%, 21%, 25%, 26%, 27%, 28%, 29%, 30%,
31%, or 34% by weight of the homogenous moldable composition. Furthermore,
combinations-of different starches can be employed to more carefully control the viscosity"
of the mixture throughout a range of temperatures, as well as to affect the structural
properties of the final hardened article. For example, the mixture can consist of a mixture
of dry or damp corn and potato starch (16-44% of corn and potato starch by weight of the
homogenous moldable composition), such that the corn starch comprises between about
13-30%, preferably between about 13-18% or 28-30%, and the potato starch comprises
between about 3-14%, preferably approximately 11-14% or 3-5% of the final homogenous

moldable composition.
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bet ween about 3-14% preferably approximately 11-14% or 3-5% of the final
honmogenous nol dabl e conposition. 27 WO 03/059756 PCT/ US03/ 00827 Starch is
produced wo msmsys@l ant s, and nany starches can be suitabl @cThsosose; as
with the starch used in the pre-gel, preferred sources of starches are
seeds of cereal grains (e.g., corn, waxy corn, wheat, sorghum rice, and
waxy rice), which can be used in the flour and cracked state. Qher

sources of star (\Sri'z%rbﬂ.'fétp%!ﬁcédqp aﬁ?/ %ﬁ‘ﬂ{saﬁrﬂ)marf gheé Ea%ﬁie%ﬁﬁalflé hBwever,G@Ssava

and mani ac), swee ow oot nd the pith of the sago palm
The starc hwalametsardxeisecbmethle preeal, n@tfmeélsow‘!:@rflf rstarczhn%arw seeds of ¢onen] grains

physi cal |y dified starch n d / tically
modi fied st & OHhd" 3 o0 E’E‘“’t’hé)?%’%?’ 9*"%84“?2‘164 xf e "g‘s‘:a@;b% ShSERE

sel ected frsurtah@crbclel otatenQthenduiupras ofparch naludaohers @otato)arcromm@mda (i. e

(arrowr oot, Chi nes to ). ,baddo, .bitt va Br azi

arr ow oot , Caé%?é‘%t\% H‘@&afweé@? Wg’gélh%la’fr?%’i‘?(wea?d &8?&@ }fasﬁg%é’g ﬁ'tgl choke
( thL 0gi ), &hicR @éﬁbé/\@le:éfed ffbhﬁﬁzttﬁtlat stan@@cdhemﬁﬁny)yr&m}r ;ﬂk&ﬁ&lﬂl@nnocﬁﬂdﬂ)sgarﬁh

el ephant's ear, girasole, goo, gpanes ot at erusal emarticho
(sunroot, gbieteghsiologically Ipr%ﬁu?eé}ofnd 9r %Fgetg%ﬁr ’H‘é‘f ‘fi‘?@gﬁarf AR gpiiurey ﬁ’r‘?feﬁfn
sweet pot at SuitaBRNALRRR, BRI be MisteddoROthat RlloWay &iiPa,Yapio H@ddtacka),d
cocoyam saa got, sato-Inpb, seegoo, sunchoke, sunroot, sweet casava,

tanier, tanarenheadifamorroottChinese Botatopticamay, daddo, biist srsmte BFaziliga @EPWERESt nut |
wat er I |
vater |1y ER0k (as) DOk YAThoRAUd: R, RBEIRYarticiRE (bhoR@)I0HTbscid:

rye, kamut brand wheat, tritical €, spelt
amar ant h, bthestiiutg oo agcopiane, dashdeneeddop Plﬁm?’a{ﬁ)e@e@@shlesk@s Jepppese; RASeed

ot o Bysalch 830k YRR, difitdicy, NP EioTng R, RRCAARA fihaid e

present invention 1nc unnog starc | ose and anyl opecti n)
and nodi f i esivest potathemandiycampeiibg, ddexi¢an po@tcmeMmcamam baae, ald gpedyame sag be

o Ly o1 2ot SRR | <BlhodY adED uck ?Cﬁe%?gasg‘gbomcﬁoakﬁﬁ Ahfies YioddS, o~

esterifi cat? Toh, oxidati on, ac SI'’s, cros
and enzyme roofnaey &pmmnbdiy,pwataﬂ chrestif, iveatkr slﬂ:amﬂhe}@m b@humn ewutin.darleyich as

th t at d he hal f te
par 1 cul ar | PPN e ReAgee DR TS (BEGREE e ML vy il WEEhGSper, |

hydr oxyet hyimaath,hlatkoouyisrap piel nsllety plastwgo seciddivglesl psylbiurg kel hisiss quarpa t hose
oxidized w ggﬁhégocgl %l te; starches reacted with cross-1inking agents,
such as PP Ree 4 chl ori de, epichlorohydrin, hydrophobic cationic
epoxi des, and phosphate derivatives prepared by reaction with sodi um or
potassi um ort hopg)cz(i)rgl%g%g cgrg be used for the present invention include unmodified starches
(amylose and amylopectin) and modified starches. By modified, it is meant that the starch
can be derivatized or modified by typical processes known in the art such as, e.g.
esterification, etherification, oxidation, acid hydrolysis, cross-linking, and enzyme
conversion. Typical modified starches include esters, such as the acetate and: the half-
esters of dicarboxylic acids/anhydrides, particularly the alkenylsuccinic acids/anhydrides;
ethers, such as the hydroxyethyl and hydroxypropyl starches; oxidized starches, such as
those oxidized with hypochlorite; starches reacted with cross-linking agents, such as
phosphorus oxychloride, epichlorohydrin, hydrophobic cationic epoxides, and phosphate
" derivatives prepared by reaction with sodium or potassium orthophosphate or
tripolyphosphate, and combinations thereof. Modified starches also include seagel, long-
chain alkylstarches, dextrins, amine starches, and dialdehyde starches. Unmodified starch-
based binders are generally preferred over modified starch-based binders because they are

significantly less expensive and produce comparable articles.
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tri pol yphosphate, and conbi nati ons thereof. Mdified starches al so include
seagel, long- chain al kyl starches, dextrins, am ne starches, and dial dehyde
st ar ches. wOmaosd766 ed st arch- based binders are general |y mpcafisos/es2Dver
nodi fi ed starch-based binders because they are significantly |ess

expensi ve and produce conparable articles. 28 WD 03/059756 PCT/ US03/ 00827
The dry ingredients, such as corn starch and wood flour are preferably
pre-m xed into #hhdwydgeedients sndhxdswom etioas weddfowdde preferablypreprizegel . The

dry/ danp starch and the od flouyr. or .fibers can.be.,m to
hormgeneouém?ﬁag’f’ﬁ‘rogeqﬁg‘ils %,’@H?b%tjﬁ’iettﬁﬁ‘lg@dd o e,prgﬁ%her&g ,dxrﬁ'ga?n pe%%%?rﬂpﬁgef a

Ki tchen Al ¢{gwoddomamebe fibdrs MntRrmixdbedoft @ hbmogentowdahikturéluditpeany rseisabi
invention, additional_ fibers can_be e Io%led aiwart of the dry/danp

mat eri al acﬂtfé’éﬁﬁ‘é?htaﬁrécorp"rxém@]éi?Eﬁc@ﬁéﬁﬁco HET94 HEES- used are preferably
organic, and nost preferably cellul ose-based materials, which are
chemcally simlar to starches in that they conprise polynerized glucose
mol ecul es. Wad flaurggifibers bers” refers to fibers of any type which contain
cellul ose or consist of cellulose. Plant fibers preferred here are those of
differing lengths typically in the range from 600 m cron to 3000 m cron,
principal |y fron thhgresent goentim, additinal fibers\cer be enplayed astpat»f thealgydaney wood

(both hard V\Qe%%l 2dded ?g % ??fi‘qg%lle?/ ?é%g? l]'?? gﬁérs ngg%ple h&%rﬁf 8&?11‘]%%& '?ncﬂ?r dwood

and sout hef pine, resrl)jg org ers made from
gl ass, gr aphif¢rebly selhilesa;basedmanaria)s, whicheteathemicaBy pialiler toTdasches &1 thefl they c
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participate in the craoss |inkage proces g\nt t he. coo mgﬁ@arc nmel t .
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shor i bers by-passes e expensive an 0 in rocesse are use
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flour. Prefigsiablof. whb® n¥eRdof IfRUF abes adgeal tomaed fibhlO wixtuihilf he qitfaireds
relatively large anbunts of resin. Moreover, soft
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17%, and 23.3% by weight of the homogenous moldable composition.

Wood flour and fibers are very much like rough tooth picks that have small barb
like structures coming out from the main fiber to participate in the cross linkage process
with the cooling starch melt. This property adds both strength and water resistance to the
surface produced within the mold. The rapid grinding process to: produce.flour or short
fibers by-passes the expensive and polluting processes that are used to manufacture pulp
and paper. The wood flour can be a resinous wood flour. Preferably, the wood flour is
softwood flour, which contains relatively large amounts of resin. Moreover, softwood is
used industrially on a large scale, such as in the building trade, with the consequence that
an abundance of wood flour from, for instance, saw mills, is available at a low price.
Wood flours can be graded based on the mesh size the flour. In general, wood flour

having a mesh size of 20-100 is suitable, and an aspect ratio or 1:8 or 1:9, or 1:10 or less.
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an abundance of wood flour from for instance, sawmlls, is available at a
| ow price. Wod flours can be graded based on the nesh size the flour. In
general , woad/ofd7ear having a nesh size of 20-100 is suit @craiSoams2an
aspect ratio or 1:g or 1:9, or 1:10 or less. 29 WO 03/059756
PCT/U803/00827 Larger particles are considered to be fibers. The
expression "fibers" refers to fine, thin objects restricted in their
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strength arge9desired, a conbination of fibers having varyi ng aspect rati 0s
and strength properti es can be added to the m xture. In an additional
aspect of the present invention, it is recognized that to decrease the

resi dual odor ofy tHyaiveedbd nndemo&u thal sofe Gibefs! sudhh® R piff aldP@fAka, PUl P
can be increased to 50% or -50%. by wei ght of the final m xture, and

the armpunt ke Righdearaad, IbwéF stfqnsféfa W*&&rpﬂrfés §ady asce08tan.theve dpwengasnetiobis|
material s | feaddiditafty.l @ th@@asg W{e eﬁﬁl@éeﬁfén@'ﬂ%h%hﬁeﬂﬁﬁgf Bﬁcphi?hertt&?
homogenous m xture can al so i nclude one or_nore additional maferials
dependi ng omddwstt seenstnare setiesdi 3 corabinggion of fibersi hiyingpiandng: espeetaetinsandear t h
fillers Canst#%ﬁgth?ﬁﬁa&lﬂ@éjcafa% 28dedkd MRGBLtuRr 0duct . Suitable fillers include
but are not limted to clays such as bentonite, anorphous raw products such
as gypsum (cal cium sul fate dehydrate) and cal ciumsulfate, mnerals such as
| i mest one and th
fillers are abl 2@ ?no@g&g ?Jd ?%ntﬁ% ﬁ}é%&?ges@% ‘ EP %cggggﬁ%ﬁgyiﬁéagfﬁ% occurs
during the mtifusl adprof 6@es@d imtheelinabreadysit.ghe @ﬁourmgépmer pulp lcarr be ineredsadie
perlite, v WU adg,q,, , %Ecv S
beads, aergtégp % ?(’Ieiroec;sgoe% el%{ r,ﬁienqnggﬁ&tﬂré a%ﬁfm e{‘?@n‘g d%‘ﬁr?rgﬂ’nl?e r§1a,
silica, fuswdbeidcraased to 0%.

Additional materials

In addition to the dry/damp starch and the wood flour, the homogenous mixture
can also include one or more additional materials depending on desired characteristics of
the final product. Natural earth fillers can be included ;fo'rA-‘a stronger product. Suitable
fillers include but are not limited to clays such as bentonite, amorphous raw products such
as gypsum (calcium sulfate dehydrate) and caicium sulfate, minerals such as limestone and
man made materials such as fly ash. These natural earth fillers are able to take part in the
cross linking and binding that occurs during the molding process. Other examples of
useful fillers include perlite, vermiculite, sand, gravel, rock, limestone, sandstone, glass
beads, aerogel, xerogels, seagel, mica, clay, synthetic clay, alumina, silica, fused silica,
tabular alumina, kaolin, microspheres, hollow glass spheres, porous ceramic spheres,
calcium carbonate, calcium aluminate, lightweight polymers, xonotlite (a crystalline

calcium silicate gel), lightweight expanded clays, hydrated or unhydrated hydraulic
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tabul ar al um na, kaolin, mcrospheres, hollow gl ass spheres, porous ceramc
spheres, calcium carbonate, calciumalum nate, |ightweight polyners,

xonot | i t ewpQaswsyrsé al | i ne calciumsilicate gel), |ightwei gar/isepersded

cl ays, hydrated or unhydrated hydraulic 30 WO 03/059756 PCT/ US03/ 00827
cement particles, pum ce, exfoliated rock, and other geologic materials.
Partially hydrated and hydrated cenent, as well as silica fune, have a
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t he wei ght noktutehédt danrimlemployedipe a rdass S dioldingwpten gamallyceithin shepineldied ol ved
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water. In a ion, er ¢ ul ose-based thickening agents can be added,
whi ch can approkinchéelyn5%i od%y 8ri384,\2- 3% oeDildloby weighhef the veighih ofithe final

nmet hyl hydr oxyet hyl cel | ul ose, + hydr oxynet hyl et hyl cel | ul ose,

car boxymnet ﬁ? RAYTUr ose, et hyl cel | ul ose, ethylcell ul ose,

hydr oxyet hyl cel | ul ose, hydroxyet hyl propyl cel | ul ose,

hydr oxypr opyl net,hyl cel lul ose, and. t |i ke,
pol ysacchari de- Eg{agae P#ui ek‘gh‘%enba“&&eﬁ?gg?nﬁ%&a&%‘b %r&géggﬁ lée,rs’ %I‘Ffé‘.frﬁcll c acid,
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xanthan gum and gum 1. A93520k e st HARLE QBB ARSE Llbe SRalaReFIeN S
or can be added dry. A preferred clay slurry is 20% bentonite clay in water.

In addition, further cellulose-based thickening agents can be added, which can
include a wide variety of cellulosic ethers, such as methylhydroxyethylcellulose,
hydroxymethylethylcellulose, carboxymethylcellulose,. methylcellulose, ethylcellulose,
hydroxyethylcellulose, hydroxyethylpropylcellulose, hydroxypropylmethylceilulose, and
the like. Other natural polysaccharide-based thickening agents include, for example,
alginic acid, phycocolloids, agar, gum arabic, guar gum, locust bean gum, gum karaya,
xanthan gum, and gum tragacanth. Suitable protein-based thickening agents include, for
example, Zein®. (a prolamine derived from corn), collagen (derivatives extracted from
animal connective tissue such as gelatin and glue), and casein (derived from cow's milk).
Suitable synthetic organic thickening agents include, for example, polyvinyl pyrrolidone,
polyethylene glycol, polyvinyl alcohol, polyvinylmethyl ether, polyacrylic acids,
polyacrylic acid salts, polyvinyl acrylic acids, polyvinyl acrylic acid salts,
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pol yl actide, PVS, SAN, ABS, phenox pol ycar bgnat e, éélgcel | ul ose,

pol yvi nyl i deenéionsd|abpyechse neptaiqasavrdl as theprodicts of heird pol yet hyl ene,
pol ypr opyl ene, natural rubber, a sytrene/butadlene elastoner and bl ock

copol yner, polyvinyl acetate, polybutadiene, ethylene/propylene rubber,
starch, and t he Ohsp| agmlmersSegchﬁ eéhﬂ@m]urpéiyﬁ%(ﬁe PRFABERIRSIRSY sPOLY oy . |

copol ymer s g&&(ﬁﬁt %&E 39§J dr&g%xkﬁé Sacid, PUIYdIRGIE ORE, RPoleeC Qi des,

polycaprola ton pol yhy tyra es,
glycolic acid and lactic acid, and poly]actlde PVS, SAN, ABS, phenoxy, polycarbonate,
nitrocellulose, polyvinylidene chloride, a styrene/allyl alcohol copolymer, polyethylene,
polypropylene, natural rubber, a sytrene/butadiene elastomer and block copolymer,
polyvinylacetate, polybutadiene, ethylene/propylene rubber, starch, and thermoplastic
segmented polyurethane, homopolymers:or:copolymers of polyesters, polyorthoesters,
polylactides, polyglycolides, polycaprolactones, polyhydroxybutyrates,
polyhydroxyvalerates, porno acids, pseudopolyamino acids, polyamides and
polyanhydrides, homopolymers and copolymers of polylactic acid, polyglycolic ac_id,
polycaprolactone ~ (PCL),  polyanhydrides,  polyorthoesters, ~ polyaminoacids,
pseudopolyaminoacids, polyhydroxybutyrates, polyhydroxyvalerates, polyphophazenes,

and polyalkylcyanoacrylates.

Additional polymers that can be added include: citrates, diethyl citrate (DEC),
triethyl citrate (TEC), acetyl triethy! citrate (ATEC), tributyl citrate (TBC), acety] tributyl
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Plasticizers also include: phthalates glycol ethers, n-methyl pyrrolidone, 2 pyrrolidone,

propylene gycol, glycerol, glyceryl dioleate, ethyl oleate, benzylbenzoate, glycofurol

sorbitol, sucrose acetate isobutyrate, butyryltri-n-hexyl-citrate, acetyltri-n-hexyl citrate,

sebacates, dipropylene glycol methyl ether acetate (DPM acetate), propylene:carbonate,

propylene glycol laurate, propylene glycol caprylate/caprate, caprylic/capric triglyceride,

gamma butyrolactone, polyethylene glycols (PECs), vegetable oils obtained from seeds,

flowers, fruits, leaves, stem or any part of a plant or tree including cotton seed oil, soy

bean oil, almond oil, sunflower oil peanut oil, sesame oil, glycerol and PEG esters of acids

and fatty acids, polyglyceryl-3-oleate, polyglyceryl-6-dioleate, polyglyceryl-3-isostearate,

PEG-32 glyceryl laurate, PEG-32 glyceryl palmitostearate, PEG-32 glyceryl stearate,

glyceryl behenate, cetyl palmitate, glyceryl di and tri stearate, glyceryl palmitostearate,

and glyceryl triacetate. These materials can also be added in combination with other

polymers to improve flexibility.
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EII.-, g- ge;(] andi b3,§-h&a;aﬁtrhéﬂmpditjdlg1ycql, 2, @rbi@.kamcpﬁatgl . sorbitol dlgcetate, . sorbitol

, 3, 5-hexantriol.,n ent.v: or it S . te,
sorbirol BBIREIgRCREE dife gl il ppEShOkfuey Qhtld iobARRIE) &
sorbi t ol digprepoxytoht iehydroxymatigdamioomethanet rglugysRIG; nbe hrgaction rpsedich @ifie,
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nmonoet hoxy| aimitolbnéndethgkylateshulg, gledosidesguaven metdethoxly ateg a-nzethyk tghagbside,

gl ucosi de, _the sodi | t. of carbo t hyl sor bit ol y
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and di gl yceﬁoﬁﬁt@[z,?"]ﬁllyﬁ's‘f ar‘ﬁ?‘i?#‘glés, EsTAlfY) o Soters o gicarin, THGHdrmide;
methylformamide, DMSO, mono- and diglycerides, alkylarruides, polyols,

trimethylolpropane, polyvinylalcohol with from 3 to 20 repeating units, polyglycerols with
from 2 to 10 repeating units, and derivatives of the foregoing. Examples of derivatives
include ethers, thiethers, inorganic and organic esters, acetals, oxidation products, arnides,
and aniines. These agents can be added from 0-10%, preferably:3-4% (w/w). A
consideration of the inventive mixture should be that the composition preferably contains
at least 75%, more preferably at least 95% of natural or organic-derived materials by

weight of the homogenous moldable composition.
Preparation of molded articles
The starch-wood flour mixture, with any included additives, is added to the pre-

gelled starch and mixed (for example with a Kitchen Aid® Commercial Mixer) until a

homogeneous mixture is generated. The mixture can be as thick as peanut butter or as thin
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tri met hyl ol propane, pol yvinylal cohol with from3 to 20 repeating units,
pol yglycerols with from2 to 10 repeating units, and derivatives of the

f or egoi ngwomsappbes of derivatives include ethers, thietRemrgiSos/mseyani c
and organi c esters, acetals, oxidation products, am des, and aniines.
These agents can be added from 0-10% preferably 3-4% (ww. A
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be constr uggiridlordNyastiity pricCm#tRPRGHAY Achini Malding ek daflebeOWibdd. N€One
approach. Wi le the coppression nolding process  detailed herein is useful,
ot her typesmbedigsah iveyEh A HeAnd f gProfusfier (peoRPoRling; MEYIng Mpper AdolWeE a5t i ng,
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I nvol ves a-neans of production incorporating noving upper and | ower

cont i nuous hopizemtal sseetiamp 2nd Vit rrufief pPostien, B dacks JRITIPS (RS UBPRSSIntoveT | y

el ongat ed HaRLdrRERlon TECEARBF tiRNEbpY il Rowek ird&d. mamgm e@dh &1 @6 Krabloi Ni NY
t he upper and | ower horizontal section for each of the upper_ and | ower

tracks. Ri dpssablis izadinkedibelt made framany matesinhor combination ofimatailssstaligditie from
any materi ghe g GORER Rakip®NtoHe MBloREthiloP ithalittédh hid¥en abdiR tRekdckr TRE! t

assenbly to be in constant” or intermttent notion about the tracks. The
track assertsrk assemblies|agsclasated Nesticaily suqhythag the uppsaportipe ofihsdewesdrack epd of t he

| over trackyagder portion of the upper track are in close proximity such that the belts of each track
move at a synchronized speed and in a common direction. In this embodiment, the male
mold portion is mounted to the belt following the upper track, and the female portion of
the mold is mounted to the belt following the lower track, with the tracks synchronized in
a fashion that causes the mold halves to join and close as they merge between the upper
and lower tracks. In this émbodiment, the material to be processed is deposited into the
female mold half prior to the mold haves closing, or is injected into the mold after it has
been closed. The track and belt assemblies hold the mold halves together during drying by
any of a number of, or combination of, methods including without limitation spring force,
pneumatic force, or mechanical compression. Other forcing methods are possible. One
possible arrangement of the curved end of the tracks aligns them such that the lower
tracks’ upper horizontal section are located to start before the upper tracks’ lower
horizontal section to allow the female mold half on the upper section of the lower track to
assume a substantially horizontal orientation prior to the male mold half attached to upper

track, thereby allowing the female mold half to receive deposited material before it
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the |l ower portion of the upper track are in close proximty such that the
belts of each track nove at a synchronized speed and in a conmobn
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m xt ure e mxturels eat e ar ch- based
bi nder gel aheﬂ;emman|m@mdtdn£amlsdos ithey mrfture He.grripxaseire. te@perafureaadusl v,

the mxtur % ! r)],C 1sSeTl B tlllenwé{:%lm r%%d\’smolt\zgﬂt Qoﬁtgﬁ, the mixture can be formed into a form-

stable article having a selectively designed cellular structural matrix.

In a non-limiting embodiment, a temperature between 195-225°C, preferably
200°C is used for baking for a time period of 60-90 seconds, preferably 75 seconds.
Temperatures-can-vary-based on the article bring manufactured, for example, 200°C. is.
preferred for the rapid production of thin-walled articles, such as cups. Thicker articles
require a longer time to remove the solvent and are preferably heated at lower
temperatures to reduce the propensity of burning the starch-based binder and fiber.
Leaving the articles within the locked molds too long can also result in cracking or

deformation of the articles.
The temperature of the mold can also effect the surface texture of the molds. Once

the outside skin is formed, the solvent remaining within the interior section of the mixture

escapes by passing through minute openings in the outside skin and then traveling between
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heated nol ds cavity as a result of the formation of gas bubbles fromthe
evaporating solvent, which are initially trapped within the viscous

mat ri x. Byoleloswsé vely controlling the thernodynam c par acetiEsosomppl i ed to
the m xture (e.g., pressure, tenperature, and tinme), as well as the
viscosity and solvent content, the m xture can be fornmed into a form
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a non-|im me@gmedm‘eqﬂé BRIt surfdcd BREVEL HbIEs, NELNERBIL horet 20an BE e{hef@w y 200C
is used for baking for a tine period of 60-90 seconds, preferably

seconds. W}@éf‘m@@@a’@&ﬁ wegldpredieisud ibhastisen gmpirisally fS’PF%dh%‘FLFFe&E’t ur ed,
for exanpl g ﬁeg@ G tradel to o%[err &thid. Q(S 4 RRulk,and gur@ch%F'?ﬁé %cl@faﬁ%x}ﬂt anal | ed

articles, such as cups. articles require onger to renove
t he sol venhottmahdd Bﬂlphe\feear amcyheheed mdreat!mfomurfaqeéhaleﬂlatsmf@s aggnstdltuce t he
pr opensi ty, of ing the starch-based binder and fiber. Leaving the
articles vm?%?n (Ili:'e | ocked nol ds too I ong can also result in cracking or
deformation of the articles. The terrperature of the nold can al so effect
the surface texfure of .the
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t her nodynam cs woul d predict, and it has been enpirically found, that the
steam wll tend to travel to the cooler nold. As a result, the surface of
the arti cl &oang efgpoldebartiglet t er nold will have a smpother and nore uniform
surface than the surface against the cooler nold. A variety of articles

can be produced fromthe processes and conpositions of the present
i nvention. The Befpigs during P’i:@ﬁ;ﬂr agy @f the mqlding pecessas GPatngs £ar beaappliedte herein
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process. Coating of nol artlc e Before,” during, or after any of the
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t herefrom at|ns can pr ov rotection agaln
or scuff-re51stant surface, they can help reinforce the article and coatings can also provide

reflective, electrically conductive or insulative properties.

Water resistance can be achieved through the use of a water resistant layer applied
on one or both sides of the product. There are many currently available coatings that can
be used to coat this product. Some of these are: PROTECoaT 6616B by New Coat, Inc,
Zein®:+a biodegradable material isolated from corn; poly lactic acid [PLA] - a polymer:of-
lactic acid from fermentation feed stock; polyhydroxyalkanoates [PHA] from microbial
fermentation; bacterial cellulose; chitosan based polymers - from shell fish wastes; natural

waxes and oil based coatings.

Appropriate organic coatings include edible oils, melamine, polyvinyl chloride,
polyvinyl alcohol, polyvinyl acetate, polyacrylates, polyamides, hydroxypropylmethyl-
cellulose, polyethylene glycol, acrylics, polyurethane, polyethylene, polylactic acid,
Biopol ™ (a polyhydroxybutyrate-hydroxyvalerate copolymer), starches, soybean protein,

polyethylene, and synthetic polymers including biodegradable polymers, waxes (such as
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noi sture, base, acid, grease, and organic solvents. They can provide a
snoot her, glossier, or scuff-resistant surface, they can help reinforce
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or deri vatiyhilddar8Within e &@elke(r) is nmanufactured by ICl in the United
Ki ngdom El astoner, plastic, or paper coatings can aid in preserving the

integrity of the article. Appropriate inorganic coatings include sodium

silicate, calci q‘i’{b@@e&i@lg'&% Be applidib A uRgdRe fotinlroGREeSXdrier the Glticl isC! @Y,
ceram c and m xtures thereof. "The I norganic coatings can also be mxed with
one or nor eformesd. {The codtipgnéan beofarmad slugeg theoforminghryoeess by addingse beatiag upon
mat eri al s : j ( fl f

Chem cal ), e et PGBty etk RASe pport B AR RL AR Con e
appl i ed to thhmiguref 46ch¢ mivngeis heatedcthorapating | matere treglistand moeves sid ther a
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form ng process or after e article 1s rme he ‘coati ng can be forned
during the form ng process by adding a coating material that has

approxi mately t g salfes G AQTRRARMEE AL N8 ARk LAIPRLALULSET | N

m xture. As the m X oating nm noves

with the \Japlorarz etimswifscwringt mpeh eapsthobwicplastit, pdiystyend, sheet wistat, eriothec oat s
the surfac ep‘ackaging materials, including blade, puddle, air-knife, printing, Dahlgren, gravure, and
powder coating. Coatings can also be applied by spraying the article with any of the
coating materials listed below or by dipping the article into a vat containing an appropriate
coating material. These materials can be applied either as a thin film or can be
sprayed/dipped onto the product. The apparatus used for coating will depend on the shape
ofithe .article. For example, cups will usually be coated differently:.than..flat:plates.
Bonding processes for application of thin films of water-resistant material are known in
the art. Each of these coatings are biodegradable and should not significantly impact the
compostability of the product. The second method of improving the water resistance of
the product is to add one or more biodegradable materials to the material either before
molding or as part of the molding process. In each of these cases the basic composition of

the product will remain fairly constant.

A waterproof coating is desirable for articles intended to be in contact with water.

As the articles having a starch-based binder have a high affinity for water, the preferred
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The coatings can be applied to the shaped articles using any coating nmeans
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resi nate aredlymyﬂfbxyals)tlmnb)sc, QOB NDyreme pelyines; bohyathyﬂend)ynd e'aoctdpolymfs phenol s
with for rral de

adj unct s; %miet ?lﬁgcét?? %eééﬁﬁéﬂ?)a éﬁ?}gqo%ﬁ?r ﬁ%ly? 81: cal ﬁat%’ thﬁdﬁs ?parafﬁn

(cycl opent &ﬁbeel]epdraefﬁﬁ)type II, polyethylene, sperm oil, bees, and spermaceti); melamine;
polyamides; polylactic acid; Biopol® (a polyhydroxybutyrate-hydroxyvalerate
copolymer); soybean protein; other synthetic polymers including biodegradable polymers;
and elastomers and mixtures thereof. Biopol® is manufactured by ICI in the United
Kingdom. Appropriate inorganic coatings include sodium silicate, -calcium carbonate,
aluminum oxide, silicon oxide, kaolin, day, ceramic and mixtures thereof. The inorganic

coatings can also be mixed with one or more of the organic coatings set forth above.

If the articles are used as containers or for other products intended to come into
contact with foodstuffs, the coating material will preferably include an FDA-approved
coating. An example of a particularly useful coating is sodium silicate, which is acid
resistant. Resistance to acidity is important, for example, where the article is a container
exposed to foods or drinks having a high acid content, such as soft drinks or juices. It is

generally unnecessary to protect the article from basic substances, but increased resistance
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terpene resins; urea-formal dehyde resins and their curing catalyst;
triazine-formal dehyde resins and their curing catalyst; nodifiers (for
oi | s and wblkp@sy75é ncl udi ng pol yesters); vinyl resinous s®PoIIE0sem27

(pol yvinyl chloride, polyvinyl acetate, polyvinyl alcohol, etc.);
cellulosic materials (carboxymethyl cellul ose, cellul ose acetate,

et hyl hydroxyet hyl cel l ul ose, etc.); styrene polyners; polyethylene and its
copol yners; ; i Lo I - €4 yl
ot haeryl a3 PG eiRod M bD Bl OB, TR prE pRlincl Bl 8 Ll e
sperm oi |, thesesisedtndoat papereanistineys. nel am ne;  pol yani des; pol yl actic aci d;
Bi opol (r) (a pol yhydroxybutyrat e- hydr oxyval erate copol yner); soybean
protein; other synthetic polyners including biodegradabl e polyners; and
el astomers and Poktmerie sohthgs,enth aBipopethilehe,i ae msefulf mcfornind deyerhi@t thim t he

United Kingdo \pproprjate [norganic coati.ngs.inclu sodi.um si l.i cat e,
-cal ci um ngggﬁnﬂhiﬁ@% ]%{)&WWTTLB‘XI% Sityg P?l?'%hﬂe%xfsd%s?ewg@l I’Sr‘??“] dByFrealBe ani ¢
and ni xt ur egnialiRfseRhich IREiuiPHgRAhE evaDpkisugstighifo alcetail @x@htx @dlywetib one or

nore of the organic coatings set forth above. If the articles are used as
cont ai ner s GRFES CamAlspshe yitiguh s a adhesivp abep hedt 28188 i nto  contact with
foodstuffs, the coating material will preferably include an FDA-approved

coating. An exanple of a particularly useful coating i s sodiumsilicate,
which is acid rdenishmmxiderad jsdicemexide areasefl ¢optings. parpadarkms a bagierdganpl e,

where the anilg &diﬁoiﬁuﬁgﬁﬂ@éﬁﬁﬁﬁgs SERRS geg%‘;ﬂ%ogﬁd@ﬁy dky BlsnsN@¥wigna hi gh

acid content; such as soft drinks or julces. i's generally unnecessary
to protect thhertanelpding tiferusenobadiigh engkent desdren ey evipeation pratessedhiesticahce 39

WO 03/ 059756, PCTAVSARL 0082 ol b8l YRBIATSE R diCeBiheBEaD: o
appropri at € pol ymer or wax 'coating, such as those fOsed to coat paper
cont ai ner s.silRoh yoridd coatingtinvigess seating astige | widt gl apequs asodutipneliayingl an f or mi ng

generally thin .| i .0 itV ensi.t I I is
Gapec al |y BEpire R Breldy e WROCHERR ot oy HERRle of MRQH R M 2, o
pr essur e- t iagiitle ue ta theepmpositionxof értartidkol ymeri ¢ coati ngs can al so be
utilized as an adhesive when heat seal ed. Al um num oxide and silicon oxide
are useful coatings, particularly as a barrier to oxygen and noisture. The

coatings can be Véapps iandl wian Hldnds,apaticillaelybyetraleymmesingy nietovwakes, ptdvideaat ,
including the.use of a high ener el ectron .beam,evaporati on ocess,

chen cal * RS Boisuls RS Dt verh i Sronc BEh bl S EF iRy an

al um num oxillde a@rarticié $uck ana oxitsigeraodkineg sealod |Pesledm eakésge aphitichleriyi t h an
agueous SO'u‘éEAJPQmQS oF \nvgxe%r}n food and beverage packaging and include paraffin waxes and

microcrystalline waxes.

In some cases, it can be preferable for the coating to be elastomeric or deformable.
Some coatings can also be used to strengthen places where the articles are severely bent.

In such cases, a pliable, possibly elastomeric, coating can-be preferred.

Of course, it should be understood that the starch compositions of the present
invention can themselves be used as coating materials in order to form a synergistic
composite with, or otherwise improve the properties of, any number of other materials.
Such disparate materials such as paper, paperboard, molded starch-bound articles such as
starch-based foams, metals, plastics, concrete, plaster, ceramics, and the like can be coated

with starch composition.
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appropriate pH level to cause the formation of alum num oxide or silicon
oxide on the article due to the. conposition of the article. Waxes and wax
bl ends, paotisosd7as |y petrol eum and synthetic waxes, provi @aeTasobeosei er to
noi sture, oxygen, and sone organic |iquids, such as grease or oils. They
also allow an article such as a container to be heat seal ed. Petrol eum
waxes are a particularly useful group of waxes in food and beverage
packagi ng and i deraribe desiableito apelX aesinhat other éndisis: \uehany trademagkse srodiet sone

cases, it Ciﬂfbgllﬂgtlﬂ eb LAY S‘Becflﬁ)cratl{> : ﬁ Eéé gg thOs e bAR Q\ﬁ?crlf% Th can be

def or mabl e onme ¢oatl ngs can a to strengt aces where the
articles ar@csmplmhsi ysmgany coﬁvmtmmdhpr&.xamgsneaas pf prootsegs lpmmsn iol the art of

el astoneric oatl C be under,st ood
Chat  the. sclrriRE Lo ot PBRL o Rl Fiualie b RBuie bich Bllelo MRS S be
used as coainipagies®péitingl sonvantwndlepmrtms imtude arfseth¥ag Dain] ﬁser;:@lmﬂfmﬁs@erw th,
or otherw se | roethe ertles rraf of oth @HIGJS

Such di spar%?f’@nﬁﬁt"értf‘%{pé’ pégteﬁsag}g‘?we"ﬁrarf&e% YdanBen cgt‘ﬁ? DIl und
articl es sugbanggan s w&edh- based foanms, netals, plastics, concrete, plaster,
ceramcs, and the like can be coated wth starch conposition. 40 WO

03/ 059756 PCT/US03/00827 It can be desirable to apply print or other

indicia, such agp tarﬁﬁﬁé}%;ke%t oﬂh@%@%&nt' Jﬁ'\fe%%tli Qr}eco%ﬁ%cﬁt}ﬁ?{o ﬁ@iﬁ@dté fhgat i ons,
or logos, on the surface of the article. Thi's can acconpl i shed using

any conventosieg ofdhe moldedartiglarns wef! aﬁf@@é‘% é@ecmavmcaiﬂﬁn% He agrountotf papari nt i ng
paper or angﬂﬂ;? earel i P&QQU&{OSSO% REbL ?g%gg;ﬁl@%ﬂ&fﬁﬂ@ﬁ&l nfifhifeS crfd t'(l}@ bAAGH O

por ous, actless printing. rinters i n set Van
Dam | aser, ofdvq0éé10um¢refwgt<@n be desneasest to 08:md t her nogr aphi ¢ printers. However ,
essentlally any manual or nechanical neans can be used. In a.further
aspect of the present invention, it is recognized that to facilitate the
coating of the rhatedking 2 vasamn tadomelal filmsarbard e eoldesipaticle,i iocreasiigethe i ons,

the amount lQ\‘c/elﬁagp\%Bod gbll{ ngaghdpo? ﬂaB ﬁ%g%; #‘a?lléaQeo/ She QL cx§1 lgggocgs\é \3? ght Of

the final mXxture, anoun our or creased
to 0% We rﬁxamphgwaod/ﬂ@m:{ﬁhm andlfoo papea pﬁipl lemedsr c@u bd incneasauintb 3Od4 ot 509 by

i ncreasi ng té}&tokﬁn\é?fnﬁr& %)od flour/fiber and/or paper pulp can facilitate
t he vacuum ng®process exanpl e, wood flour/fiber and/or paper pulp

| evel s can be increased to 30, 40 or 50% by
Types of articles produced

Materials capable of holding dry, damp and wet products have diverse uses.
Containers suitable for holding dry materials can be used to hold dried fruit, or raw nuts
such as almonds. Containers suitable for holding damp materials can be used to hold fresh
mushrooms or tomatoes (for example in groups of 4 or 6) and should be able to perform
this function for a period of at least about two:toithree: weeks since normal packing to use
time is about 14 days. Damp food packing can also be used with a hot fast food item such
as french fries or hamburger, in which case the container needs to last for only a short
time, for example about one hour after addition of the damp food. Damp food packing
could also be used, in combination with an adsorbent pad, to package raw meat. In this
case, the container needs to withstand exposure to the meat for a period of seven days or
longer and desirably can stand at least one cycle of freeze and thaw. If possible this
package should be able to withstand a microwave signal. When formulated for holding
wet foods, the containers of the invention will suitably have the ability to hold a hot liquid,

such as a bowl of soup, a cup of coffee or other food item for a period of time sufficient to
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wei ght of the final mxture. Types of articles produced Materials capable
of holding dry, danp and wet products have diverse uses. Containers

sui t abl e Woroslost78é ng dry nmaterials can be used to hol d driPed/tfSos0d827 or raw
nuts such as al nonds. Containers suitable for holding danp nmaterials can
be used to hold fresh nushroons or tomatoes (for exanple in groups of 4 or
6) and should be able to perform this function for a period of at | east
about two tfloWhe@BumBRIeS bebRC&ONRY, Nl eRasie rw;thﬁro ohi& Gourt bfMPurcBas@b8iich 14
days. Danp food ckin can Iso(ﬁe used with ?ot faﬁt .00 'tenlsuch as
fremch fri ceonginehiy mlsgehe uspefoRIchn iRy uch AL i b seedrsisd it BOMR 1 or
only a shorgdych hd thE soupdh-aS%p PRIdGct@bout one hour after addition of the danp
food. Danp food packing could also be used, in conbination with an

adsor bent pad, to package raw neat. In this case, the container needs to
wi thstand exposy f e gﬁ%ﬁl and
desirably can standﬂeg)Iﬁaagaﬂ[szg'ﬁ{ah]e Ese Hl%‘#tg)grtgeczage%n@ aw. &”mposm le this
package shouridtybef dinisbed @rtwieshtbatam aremnclvobﬁamdsi Wastits, pahem peperbedrdit ed f or

hol di f ' i
agl | : tn 3 t\gepao O){s gneh n%eteﬁs c%rahlcsn%né 91 I ma(?%rla?\/% r‘:'*,lgnblj’\w1{21 ot Xgr?i?iey #gve the

such as tofTee or
ot her food pdssiblef r nanpfactued thef fdliommgs ekémylarg nartitles: ﬂ]]ns\/\ﬂba@ﬁ/ Odfdal fefys,

PCT/ US03/ 00827,. al f [Li f h
e o AT P e e SO Al .
that will bendwichydnaines, Wk kel thﬁrnerss Liﬁchucﬁﬁg the l&muﬁmltdﬂ- o, Cigzed

products. Articles de, fromthe sent ention tq.can nuf act ured
into a w de®NFHEfsdisgd Bfth quﬁgé’ﬁéﬂ’dg"r“f C%F‘@Q aﬁ %in‘Eé?{s)pgfé‘g‘é'?ﬁ R

pl astics, pg%ﬂéfees ﬂﬁﬁ@ﬁs@@@ﬁsﬂi ,pencml M&Tré{rlﬁlﬁﬁess ngafda) Eoys C@ma,rrﬂﬁﬁowe%ﬂdn@kher
materials. Merely X it possi ble to manufacturethe
fol | owi ng e*syéfiaaga?ry %ﬁt%l%qﬂ@% f0?4 mes Ha'gys Ca’E‘Hﬁt diuifejuice  coringysy; yoghurt

di sposabl e @ﬂ&ﬂ%@&&@%&rﬁa& dMg, DAY AT RN kR WRPSrowsE basket-RPE €S
sandwi ch cont ai ners am she cont ai ners (incl udi ngr but not |1 m ted
6o

to, hinged aEisH: apheixpagke anwwlﬁ cfﬂﬁ%?{s)aflﬁf‘o‘ae%ﬁﬁwnévrfégs fRs coniaiRft® ger s)

drinking stfaused @a?i%htel%xes PHLh 1B§%teria}éts§16m§s wRBhe PREACiPaSing MbheFfal
busi ness cards, toys, tools, % | oween nmasks, bUI|§ g products, frozen

food boxes, lerblepackaginmsuch pp hags fpwr@ek &ods. dagewish ay@gﬁmd SuglhAY EHORRY s |
bever age Cq{agé Wasgd \Vﬂﬁfn%h&?s’ sulllfas RQry kLt &8k, LrRutiWEIARRS 040, BAeRundt y| e

carriers, six pack" ring-style carriersj, ice cream cartons, cups,

french fry c@8ing siprariscards for products which are displayed with a cover (particularly plastic
covers disposed over food products such as lunch meats, office products, cosmetics,
hardware items, and toys), computer chip boards, support trays for supporting products
(such as cookies and candybars), cans, tape,.and wraps (including, but not limited to,
freezer wraps, tire wraps, butcher wraps, meat wraps, and sausage wraps); a variety of
cartons and boxes such as corrugated boxes, cigar boxes, confectionery boxes, and boxes
for cosmetics-, convoluted or spiral:wound- containers for various products (such as frozen
juice concentrate, oatmeal, potato chips, ice cream, salt, detergent, and motor oil), mailing
tubes, sheet tubes for rolling materials (such as wrapping paper, cloth materials, paper
towels and toilet paper), and sleeves; printed materials and office supplies such as books,
magazines, brochures, envelopes, gummed tape, postcards, three-ring binders, book
covers, folders, and pencils-, various eating utensils and storage containers such as dishes,
lids, straws, cutlery, knives, forks, spoons, bottles, jars, cases, crates, trays, baking trays,
bowls, microwaveable dinner trays, “TV” dinner trays, egg cartons, meat packaging
platters, disposable plates, vending plates, pie plates, and breakfast plates, emergency

emesis receptacles (i.e., “barf bags™), substantially spherical objects, toys, medicine vials,
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fast food carryout boxes, packaging materials such as wapping paper,
spacing material, flexible packaging such as bags for snack foods, bags
wi th an opersesdseuch as grocery bags, bags w thin cartomsTaisosoms7 a dry
cereal box, nultiwell bags, sacks, waparound casing, support cards for
products which are displayed with a cover (particularly plastic covers

di sposed over food products such as lunch neats, office products,

cosmeti cs, E 9\/\@{&‘9‘“' LERE, AR SNER), meQIIPIERS: Bine RS, dBode UBRRLS, trays
for supportl product s such as cooki es and candybars), cans, tape,.and
W aps (|nchuumgglmbmmfm@ndM1ﬂﬂk@dwﬂ@wOfﬁw@E@%ﬁﬁWwaps tire waps, butcher
wraps, neat wraps, and sausage waps); a variety of cartons and boxes such
as corrugated boxes, cigar boxes, confectionery boxes, and boxes . for
cosnetics-, conVTh¢ ubnﬁdn@rshslnd Iba|capﬂbl§bmf hobinrg i enmtentsf wihetheir Stamgalwmduct S

h f t It
ot or gont . "HHEPRBBBPE, Vi Peng b ek SRy B Bo AfpikaAn o2

materials (cﬁﬁtﬁﬂﬂe&ﬂleﬁhﬁﬂ%dﬂ@npﬂlﬂeﬂoes&bﬁhéhnr’fbﬁtd’fel cahtinepiapajuired owethstand d
toilet paper), and sl ee,{\g@i tp %P rials nd of 1Ce sugpl i e l,such as
books, nagHEOMmesEveRTBinimAl exiemahipates actg rﬁ‘?ﬁ ﬁﬁéa ke pOsPE: °8§es hfee-ring

bi nders, b%%lcuﬁpa&ﬁainerft&béi@:&&me@nﬁbgﬂerae pé@shabwalme&usramaxt dhoglduh@nstd, s and
storage containers such as dishes, _lids, .straws, H‘ea'i}% kni ves, fork ,

spoons, botbelcarable ofipstforstingte fighcignefor wﬁlfcaytswa%}aﬁsmifg essaryy pqpEfties
m crowavea %Lu‘? alq}a deEl rgﬁ‘éﬁsmto HmatEid1 364 sthicRYSof tRYEnEAier Bérehaat packagi ng

platters, di spos ates, vending pl at es p| e plates, and breakfast

pl at es, energency erre3| s receptacles (i.e., "barf bags"), substantially
spheri cal_obj ecig cbift¥ifer. B8l GsB Be bfeof&atamgﬁg ?&)%Zﬁﬁd Reidiig 100827
anpul es, ani mal "cages, ¥ rewor shel nodel rocket engine shells, nodel

rocket s, onte,grltyng”er a buffivienitpssod aﬁ@namo eatigPeitsinteadedonsg. Ef‘”lﬂtbﬁé‘PpréﬁP‘é@:t s. The
contai ner g (%u %ﬁ é’ipc!u s%}:celgo hg'cexgtaanxs cArORMEME TontthS HRAT hitetdnpnary or

in novenen maintaining its structural integrity and
t hat of t henmmmﬂanasl aud motht:mmemstaM$ ednrmegely hhldros ontain figicontg@eés not nean
that the container is required to withstand strong or even m ni nal
external forces. In fact, it can be desirable in sonme cases for a
particul ar cont ghaerms Scdnenimext mefcemyinéns’égi ssd Berejre piesintghded. to Tivdude #AY ai ner

shoul d, howeve be ¢ erf . r was
i nt ended. fﬁcgp{?glgggggﬁﬁépg? per{ |egg§ pa%gl g?\s,fg‘h@ %MB]SL%%&VE %gﬁ% of
mat eri al  anikpsising variaas afpdshef prodocs nerobjretfso@lsﬂm baﬂlesocl;ldhtaad rigpidshoul d

I b bI f t nd t ty f
2 ool £ ci cmelier rish 691 o Ao o TRt R or Rl B b gl oL T T

appreci at ed

Containment products used in conjunction with the containers are also intended to
be included within the term "containers.” Such products include, for example, lids, straws,
interior packaging, such as partitions, liners, anchor pads, corner braces, corner protectors,
clearance pads, hinged sheets, trays; funnels, cushioning materials, and other object used
in packaging, storing, shipping, portioning, serving, or dispensing an object within a

container.

The containers within the purview of the present invention can or can not be
classified as being disposable. In some cases, where a stronger, more durable construction
is required, the container might be capable of repeated use. On the other hand, the
container might be manufactured in such a way so as to be economical for it to be used

only once and then discarded. The present containers have a composition such that they
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that, under certain circunstances, the container can seal the contents from
the external environnents, and in other circunstances can nerely hold or
retain t hwooonsest s. The terns "container” or "containers'’Pcagisuses2herein,
are intended to include any receptacle or vessel utilized for, e.g.,
packagi ng, storing, shipping, serving, portioning, or dispensing various
types of products or objects (including both solids and |iquids), whether
such use ig.d Q;Qﬁ? i fgr hatdy eEdhvektichall Wade 1GIdA Cingaatdsoan Of

tinme. Cbntgﬁkﬁéﬁi p d%%??gddgggﬁwﬁ @%ﬁﬁ&haﬁpon with the containers are al so
i nt ended t envibementelly dedralunateiisl. t he term "contai ners." Such products

i nclude, for exanple, lids, straws, interior packagi ng, such as

partitions, liners, anchor pads, corner braces, corner protectors,

cl earance pads, Thé agietks stithét the scopeagfsthé praserftdnventiohcamhawg sreatl¥rvagizg and

ot her object, used .in packagqing,. stori . iR rii:oni ing, or
di spensi ng THFKEHER APPSR pg'g'(gﬁf"zf}pﬁg‘?#loﬁ'ﬁéer%én ar E’glrc fse 1%&%&%?#. ?ﬁé)ypurvi ew
of the preggibe idtHRtsiaboutdafimdor wessutlois ine cupl lassitfdise thegsabks asghidk sposabl e.

In sone cases, where a Ssironger, re rahl e constructi.on oisS.r ired,
t he contaiﬁ@@kﬁﬁﬁﬁﬁ=%@ngéﬁgﬁ%§“&F£$8ng#§Wlﬁggﬁm%ﬁmPH%RgPﬁ%Foﬂ%%ﬁggthe
cont ai ner i aRicIb Bar B 18 @bk 20l cih PhiSlieinére Y@Lt 892 GRcitkizel @ackimpomianat f or i t
to be used only once and then discarded., The present _con g&n§%%8£§ve a
C

conposi ti orer speler- Thapraferesy thieknegiicn spasbarviglss S 4 r8psT 562 Yeadily
di scarded qf, :{rhrc%i&%bfutiznnﬁ%y&méﬂﬂﬁ&reﬂsﬁ@d.e landfill areas as an

envi ronmental y néutral material. The articles within the scope of the
present invention can have greatly varying thicknesses depending on the
particular appl '[ﬁnﬁ%' %ic]fogtrruc%hlceﬁgitngﬁingrabﬁr%&c‘?x, {18 prddé MelRAtionldag prodadea be as
thin as about 1 for uses such™as in a cup. In contrast, they can be as
thick as nesegcbivdrtcles, Snaleding platesueupsi Fartops, addother BRFskohFoNtaiEsh AR n¢
consi der at i gns, e B GhilaRtARN siflab Rr L Qe Rapdriof Qo Ghkif hi ck or
nore to acﬁﬁggwaﬁ§%g%?§ﬁ¥§§ﬁlB%@%P%é cqﬁtéiﬁgf gr éoofer.ﬁ%he preferred

t hi ckness feounterpsts madei frone sonveniionabmatariae shehods ReBeRuPOlYSIEERS{OR®: PRYISUt 1 cm
w th about 2 0,8, . 0P r [ 3t MLt It dHs8f thei
engineerindn%%g%%§gﬁgq$%gggggﬁgﬁﬁﬁ%ﬁ%g%??gﬁn%gﬁ produce a va?ietyégf
articles, icosventomul) cphaterparts. dibpsyingeal toostsis amepulbtaicthe relptivslyoinc¥RsREiEg ner s

and articles havi chani cal .pr i 1 { He | gt even
superi or t&g?ﬁgﬁ?“mg%gﬁPg@géPﬁgnﬁgggg%%g%?%%%%é%??%ﬁg+&%§?%?%Q?ETRQLch as
paper, pol ysécessipenbpamquirkdstic,

The method of the present invention provides basic methodologies which can be
utilized with little modification and a basic material from which product items can be
produced by tailoring of the additives and additional processing steps employed. The
composition preferably contains at least 75%, at least 85% or at least 95% or more of

natural or organic-derived materials by weight of the homogenous moldable composition.

EXAMPLES

The following examples are presented in order to more specifically teach
compositions and process conditions for forming the thermoplastic starch compositions
according to the present invention, as well as articles therefrom. The examples include

various mix designs, as well as various processes for manufacturing thermoplastic starch
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metal and gl ass. The inventive articles can also be nmade at a fraction of
the cost of their conventional counterparts. The mniml cost is a result
of the reWwetm®medrge i nexpensi ve aggregate which typically eomarsoyes2a | ar ge
percentage of the m xture and the m ninum processing energy required. The
met hod of the present invention provides basic nethodol ogi es which can be
utilized with little nodification and a basic material from which product

i tems can lremppsitiensc eldclyging aphiegtsi fimef pelds agentringres and d otherd i articdesalof
processi ng ’ﬁén%@% opl oyed. The conposition preferably contains at |east
75% at | east oor at |least 95% or nore of natural or organic deriyed
mat eri al s by wei ght of the honogenous nol dabl e conposition. EXAMPLES The

foll owi ng exanples_a in or i fd each
conpositions an&exﬁm@%@ﬁ ggﬁ@ﬁ‘?‘%@@&% 8&0#%#&’?%%%%%{%%%&%?&% starch
conpositions according to the present invention, as well as articles
therefrom The ggagg! es, i nclude various m x designs, as well as various
processes for fu t hernopl astic starch 44 WD 03/ 059756
PCT/ US03/ 00827 3¢ 3rgapsf 3% poito standhl gélli ng sheets, films, pellets, containers,
and other articles of manufacture. EXAMPLES OF ARTI CLES FORVED FROM
PREGELLED STARCHSSmSPHUsteNSarclxanpl e mixture A 31.5 gm of 5% potato starch
gel 18 gm of digyee6f dty Wodl Burfe@med softmbodpod flour [60 mesh soft wood]
Test characteristics -"the thick stiff mxture was flat nolded in a 4" x 4"
flat nold at a | ow pressure (between 2 and 3 psi) to a thickness of 3 mm
The ol d tenpe’ Al dhaBitrisifes0 e hidld £ AR s TRt Abiibd iifa Y82 47RhdRsla The
test itemwas bot ry and strong a?ter_ nol di ng. The strength test was 9
(on a scal eateflovipresswiet (hetiveen B prsdkesi)ip & hickness|of 3pemi Shemeld terappiaturg washr eak s
wi th signifijgapt ' : r m 3 ' cale
and a styro Sga%' %%ggg?%gﬁg%lﬁ@[eﬁ%gg 1%% )ﬁ%‘af%f fst%%g%tgﬂvr\ggﬂ[& gB{;%e?tte?a t hi ck
m xt ure andnoldmg. dbe etrerigtietsttwastd (boe seele ofipd otith hoberalis with dittletresistanse
m xture had;}nholopi greglga\gﬁ}p si'g1l;'itﬁgan‘i1 res](s{a%e. nﬁogtbx%?oaﬁhﬁ'gyt fo?%)éﬁ =3 oSl Re
Exanpl e m xture B

and a styrofoam burger clamshell box = 5). This mixture was to test a thick mixture and

was determined that for a complete molded test item the mixture had to pre shaped into a

flat rolled sheet about 2" square.

Example mixture B

5 gm 5% potato starch gel

19.5 gm of 15% corn starch gel

5 gm of 80 mesh softwood flour

0.125 gm baking powder - [added to elevate the number of open cells in the
finalstructure by introducing a source of carbon dioxide released by

heat and water.]

The flat test [2-3 psi and 250 °C mold] item was dry and had a large number of air
cells in the cross linked test pad. The strength test was 2 indicating that items molded from

this mixture would be used for low breakage packaging, such as shock spacers.

Example mixture C

16.3% 3% potato starch gel

5.9 % dry corn starch
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5 gm 5% potato starch gel 19.5 gm of 15%corn starch gel 5 gmof 80 nesh
softwood flour 0.125 gm baki ng powder - [added to el evate the nunber of
open cel Iwoim/os4186 final -:structure by introduci ng a sour ®eTafSozensbon

di oxi de rel eased by heat and water.] The flat test [2-3 psi and 250 C nol d]
itemwas dry and had a | arge nunber of air <cells in the cross |inked test
pad. The strength test was 2 indicating that itens nolded from this

m xture woul d bel4¥s8@medysofiypodbfeikage packagi ng, such as shock spacers.
Exanpl e m xture 9 to starch gel 5.9 %dry corn starch 45 WO
03/ 059756 PCT/ Us%ﬁg'o% 711%6}1)2@/‘%@0 mesh softwood flour 1% dry baki ng powder
1% gl ycerol - [ addeglycerol fladdid depradype agersiuct thattwonbsirelgasedtasmthe nfoldbm t he nol d
and to produce a Qt surf t kN duct.] The flat test
123 pst and. 250" B0 PE R ecoRE Al s SR 0] ndex of 4
greater than mxture Cwth the sane open cell structure. This mxture wll

allow for a strgQnger ct., i il tetaining the o .cell
structure for i t@ﬁ%fﬁggﬁ%%ﬁﬁ&%ﬁs&ﬁﬁ mBJZQJ:I'fFrH af)ﬁﬁtg%“,geres.‘tﬁggtgdﬁ(ﬁﬁf’g@ trays
t o separ at eglegyethsn afixtaRne &thi the Sanikaseh gl BPucturd hiThisi rhixeire Wolllkitbw &g avi Xt ure

C, provide good shock protection [crush strength]. Exanple m xture D 25% of
a 3% pot at Ogtgqng?rdﬁo%p, W}B}Y%‘{%freté‘mI’S@bec‘Eﬂeﬂ cgfé‘?‘ﬁﬁ‘]r@ &or ‘t%/%ugkbasrﬁi’gwr%{ﬁ‘f t wood

flour 1% bgkekig bBQWIEE, ditpidditfaySiockpHi e 1eers BE ks MR b ipAking MU ThE itehn
natural material fillefs in a elyfort to reduce the cqost per item In this
test group PewWdesdarixwgg €inienidegasd shack prtecHamtcsishstengttly was added to the
potato starch gel before mxing with the corn starch/wood flour m x. At
low levels [up to 5% there is no effect on the strength or anmount of
entrapped air pdéiample mixture D

25% of a 3% potato starch gel
57% of a 15% corn starch gel
17% 80 mesh softwood flour

1% baking powder

To this mixture was added various amounts of natural material fillers in a effort to
reduce the cost per item. In this test group powdered calcium carbonate or bentonite clay
was added to the potato starch gel before mixing with the corn starch/wood flour mix. At
low levels [up to 5% there is no effect on the strength or amount of entrapped air pockets,
suggesting that low levels of these two fillers are appropriate]. At higher levels the basic
formulation had to be changed to accommodate the chemical and physical changes that the

fillers produced.

Example mixture E

10 gms of a gel mix of 5% potato starch & 20% bentonite clay
6 gms of dry corn starch
7 gms of 80 mesh softwood flour

1 gm glycerol
6 grams of water

Test characteristics - the thick stiff mixture was flat molded in a 4" x 4" flat mold

at a low pressure [between 2 and 3 psi] to a thickness of 3 mm. The mold temperature was
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suggesting that low |l evels of these two fillers are appropriate]. At higher
| evel s the basic fornulation had to be changed to accommobdate the chem cal
and physiwealoobasges that the fillers produced. Exanpl e mCcriuso®o@210 gns
of a gel mx of 5% potato starch & 20% bentonite clay 6 gns of dry corn
starch 7 gns of 80 nesh softwood flour 1 gmglycerol 6 granms of water Test
characteristics - the thick stiff mxture was flat nolded in a 4" x 4" flat

mold at a bspdeegauisefiiahivaeswas moded T thst itomavdsbothkdig asd flongafien The
nol d tenper atEre gﬁsé 46 WO 03/ 059756, PCT/ US03/ 00827 . 25Q T. 25 rams of

the m xture frengiintest wast 7 Wit ahighdevshbe n&ﬁgﬂﬁ%aﬂapgqlﬁeﬁnah&fw:&o
mol di ng.  Thgroghdt e@gaﬂa &a%s\m t?dt‘!%g&éqoiastfb‘n@th fbleué%l asoaf ﬁﬁ%fyaf)da%%ea"!‘he

pockets. This type of product has a degree strength
for use as Bclypipwaf the m@r@wesrmrodwwmlgiwr @trengthenmacb}qurt@mﬁ@@gg shepr oduct
wi th higher st (rsogr)gth in addition to reducing the wunit cost. Exanple F
16.3 gns of a 5% potato starch gel 5.9 gns of dry corn starch 3.8 gns of
80 nesh softwood flour | gmof glycerol Test characteristics - the thick
m xture was fIatExgEI gy ina4" x 4" flat nold at a |ow pressure [between
2 and 3 psi] to ness of 3 mm The nold tenperature was 250 C. 25
grans of the mxk&&gnm%bdeﬁ.staf&m@et est itemwas both dry and strong

after nol ding. 'r!r'%e st c&g %‘?E%E) was 8 with a very high | evel of entrained
air pockets. Exa} f a 5% potato starch gel 9.1 gnms of dry

corn starch 4. 3agsr§n@6f8nnémsbﬁ\s@cfdtﬂuwd flour 1 gmof glycerol
1 gm of glycerol

Test characteristics - the thick mixture was flat molded in a 4" x 4" flat mold at a
low pressure [between 2 and 3 psi] to a thickness of 3 mm. The mold temperature was
250 °C. 25 grams of the mixture was molded. The test item was both dry and strong after

molding. The strength test was 8 with a very high level of entrained air pockets.

Example G
15.1 gms of a 5% potato starch gel

9.1 gms of dry corn starch
4.3 gms of 80 mesh softwood flour
1 gm of glycerol

Test characteristics - the somewhat thick mixture was flat molded in a 4" x 4" flat
mold at a low pressure (between 2 and 3 psi) to a thickness of 3. mm:.. The mold
temperature was 250 °C. 25 grams of the mixture was molded. The test item was both dry
and strong after molding. The strength test was 9 with a high level of entrained air
pockets. This mixture is the strongest of the basic formula tests using a mixture that was
thick. The next test was to use the same basic formula but with additional water to allow

the mixture to be injected as a thinner mix.

Example H
15.1 gms of a 5% potato starch gel

9.1 gms of dry corn starch
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Test characteristics - the somewhat thick mxture was flat nolded in a 4" x
4" flat nold at a | ow pressure (between 2 and 3 psi) to a thickness of 3
nm ... Thwormlosb75¢ enperat ure was 250 C. 25 grans of the mpxtrurses/vss7 nol ded.
The test itemwas both dry and strong after nolding. The strength test was
9 with a high level of entrained air pockets. This mxture is the
strongest of the basic fornula tests using a mxture that was thick. The
next test was tdh-ligms ofR) meghsofweqddloubr nula but with additional water to
allow the mxtuy ;F,g,gg jinjected as a thinner mx. Exanple H 15.1 gns of a
5% potat o starch %ﬂ 1 gms of dry corn starch 47 WD 03/ 059756

PCT/ US03/ 00827 4#giBs gfreaterf 80 nesh sof twood flour 1 gmglycerol 4 gns of
wat er Test characteristics - the thinner m xture was flat nolded in a 4" X
4" flat nold at a |ow pressure (between 2 and 3 psi) to a thickness of 3
mm The nol d t erfest eiaticeerisies - ti2SBinter nﬂﬁtum\msﬂabmotdhélm £t udeflajaldasiaded.

The test itemwas bo r rqong after d|n est was
9 with a hi i PESEIC @Ftwéﬁ'%/? ﬁ(ﬂé Q??g&}‘élﬂ'gfs 0 atth l%l;lgglnﬂi'l]i1 thltet.‘&e'&swat er

al l gwed t he%fU"@d as tgrairr]r% d‘fltﬁdl mixiige s glolded. eTlgues kﬂem stﬁnbﬁbgty pndsitong afiera
product with strength simlar to st ness s

product i on) moldifige erﬁ’F‘FQﬂF@f‘te‘?’ast%"@K 8%53%"36\%&?’“?@ a’f)?(’%ﬁ'is H%a(iﬂf(mVarl ous
times bet V\BSﬁm%reaQQteﬁamw&t @8 pRdduct BNRIE it MbﬂSmaetmw ﬁﬁfbbﬁrpdod%o?ﬁg@: usi ng
the follow ng fornulations. Satisfactory cts were_ obtained. Exarrple I

10. 8 gm wooprofiug ithy gEnethgimisto spysofoar Yoy k& o5 ehnderd grodiction): JPECgel | ed
potato star ﬁmh]él@%eil\ﬁltl&rt ays freR Tl %iﬁlﬁ%‘fo‘i- Qarfdud Yimes bétivien Nandest BinuteExanpl e J

10. 8 gm of woo 020 gr ade m corn_starch
temperatures between 300 and 375 °F using the following formulations. Satisfactory

products were obtained.

Example 1
10.8 gm wood flour [6020 grade]

23.2 gm corn starch
41.8 gm 5% pre-gelled potato starch in water

12 gm 20% bentonite clay slurry in water

Example J
10.8 gm of wood flour [6020 grade]

23.2 gm corn starch
41.8 gm of 7.5% pre-gelled potato starch in water

2 mm thick tray were molded at various times between 45 seconds and 2 minutes
at temperatures between 350 and 450 °F using the following formulations. Satisfactory

products were obtained.

Example K
10.8 gm wood flour [4025 grade]

23.2 gm corn starch
3.3 gm potato starch
41.8 gm 10% pre-gelled potato starch in water
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41.8 gmof 7.5% pre-gelled potato starch in water 2 nmthick tray were

nol ded at various tinmes between 45 seconds and 2 mnutes at tenperatures
bet ween 3%0 cansh7460 F using the follow ng formul ati ons. Sacirdafsasoosey
products were obtained. Exanple K 10.8 gm wood flour [4025 grade] 23.2 gm
corn starch 3.3 gmpotato starch 41.8 gm 10% pre-gelled potato starch in
wat er 48 WO 03/ 059756 PCT/ US03/ 00827 Exanple L 10.8 gm wood fl our [4025
grade] 23.2 gmcorn starch 3.1 gmpotato starch 3.3 gmbentonite clay
41.8 gm of 10% -gell ed potato starch in water These trays (in the above
exanpl es) have g%%%ggéén coated with a thin filmof food grade polyner
and/ or food grade.8pmt wbbd flowwd4024 geqdleli fi c aspect of this product is the
observation that _the addition of conmponents i's very inportant. \Wen the dry
i ngredi ents, sdeH 5 CUB R gtarch and wood flour are added to the potato
starch gel, witRouimpeR®skréld into a honogenous mixture, the product
suffers a dranatlc reductlon in strength and will not spread evenly in the
mol d, produci ng 3gh®R beBPREcAYd unfilled corners. The observation of

speci fic additi o, SNRS oS FUBR plelbefediRARE stich fDW&ert ri al nixtures that used a
different order of m xing of conponents. In addition the surface of the

nol ded product can be rough vs the snooth surface of sequentially m xed

products. Mre rgeentd¥ hig %99%51p1’@ﬂxa§1@§1§@9een'c@at@d tvlith Qehifl ifiImR s feaal
nmol d, using classic cghpre55|on nmol di ng techni ques, i heat ed nDId with

a const ant m@swmerawqrédodjgﬁaﬁﬁgamﬁ@ Prodewpeciiie ﬁsﬁeﬁfe%thlse@f’d‘i"ﬁés the
requirement sngil tich tﬁ:ﬂﬁﬁ% %dd?tlo ré}ecf)ﬁxg(gnems 4 Y@ﬁorﬁhts QVEEﬂStﬁé' n?qng"}&ﬁeﬁwen this

order was n Berve product suffered sig cant problens
i ncl udi ng i such aspd:(ufn staphaad otood flogmate addedito ghetnetatorsipigh gl p‘f*"b@'és}%eml?‘@éuct i on

| 1St NheRR DhorhokendR AR bRNGhAACA o EARHSL FBludof i &M dhd AR

nmeasur ed by pene FOnet i
not spread evenly in the mold, producing open voids and unfilled corners. The observation

of specific addition was seen in a dozen or more trial mixtures that used a different order
of mixing of components. In addition the surface of the molded product can be rough vs
the smooth surface of sequentially mixed products. More recently the product was tested
in a three dimensional mold, using classic compression molding techniques, i.e., heated
mold with a constant pressure applied during the process. In these test the requirement for
a specific order of mixing was also observed and when this order was not observed the '
finished product suffered significant problems, including incomplete product spread
during the molding process, reduction in smoothness of the molded product and a

reduction in strength, as measured by classic penetrometer methods.

Example M:

1. Form pregelled paper potato starch suspensioh:
57.5 g potato starch: 8.5%
43.2 g recycled paper pulp: 6.3%
575 g water: 85% ‘

Add components, heat to 60-70 °C (ideal) 65°C with mixing on high speed with a wire

whisk to form gel. Once gelled, it is a stable gel that can be cooled, refrigerated, etc, but

not frozen.
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Exanple M 1. Form pregell ed paper potato starch suspension: 57.5 g potato
starch: 8.5%43.2 g recycl ed paper pulp: 6.3% 575 g water: 85% Add
conmponentwp oh@sd75¢ 0 60-70 C (ideal) 65C with m xi ng on hi @aTasesasaith a
wire whisk to formgel. Once gelled, it is a stable gel that can be
cooled, refrigerated, etc, but not frozen. 49 WO 03/ 059756 PCT/ US03/ 00827
2. Premx the following materials: 92.3 g wood flour (aspect ratio 1:4)
132.7 g potato starch 159 g corn starch to form honbgeneous m xture 3. Add
honbgenous m xture of, wood and starches with the pregell ed paper potato
starch, mx witR e Rbungimerialsn | ow speed This nmixture is stable and
can be cool ed, refgiqp %&@ﬁwurgésgect%"o gt frozen. 4. Place mxture into

nol d (50-55 g) and bake at 195-225 C (ideal 215 C) for 60- 90 seconds
(ideal 75) 5. Coati3dd.gmsgestmhly |i ke PROTECoaT 6616B by New Coat, Inc,
comercial, bi odggr%%@ﬁ far@cr ylic based, FDA approved for food EXAMPLES
OF ARTI CLES FORME ,2 LLED PAPER STARCH SUSPENSI ONS Exanple N 1.
Form pregel | ed pafven hpmogdneowstnairtuke suspension: 57.5 g dry potato starch:
8.5% 42.31 g recycled paper pulp: 6.2% 580 g water: 85.3% Add conponents
in a mxer, heat to 60-70 C (ideal tenp 65C) with mxing on low RPMwth a
W re whi sk to formdgélomof¥nens inbeurp ap@bodrand Btarcheslivith eegeebellednshpaspdidie
tenperature begins.to.rise éabgﬁe 309, the RPM of the m xer is increased
until the maxi WA gdqugh hpok mixeion IRWspeedy continues until the tenp

reaches 65Qhishhixtudé B stable and can be cooled, refrigerated, etc, but not frozen.

4. Place mixture into mold (50-55 g) and bake at 195-225 °C (ideal 215 °C) for 60-
90 seconds (ideal 75)

5. Coating: Especially like PROTECoaT 6616B by New Coat, Inc, commercial,
biodegradable, acrylic based, FDA approved for food

EXAMPLES OF ARTICLES FORMED FROM PREGELLED PAPER STARCH SUSPENSIONS

Example N
1. Form pregelled paper potato starch suspension:

57.5 g dry potato starch: 8.5%
42.31 g recycled paper pulp: 6.2%
580 g water: 85.3%

Add components in a mixer, heat to 60-70 °C (ideal temp 65°C) with mixing on
low RPM with a wire whisk to form gel. When the paper pulp is dispersed, and as the
temperature begins to rise (above 30°C), the RPM of the mixer is increased until the
maximumum RPM is reached. The heating continues until the temp reaches 65°C. At this
time, the mixture is a homogeneous gel suspension . The heat is turned off and beater
heads changed to classic dough hook and speed is lowered to 10% of maximum
(KitchenAid®). Alternatively, for smaller batches, see for example, step #2 below, the
mixing is done by hand. Once gelled, it is a stable gel that can be cooled, refrigerated, etc,

but not frozen.

50



time, the mxture is a honogeneous gel suspension . The heat is turned off
and beater heads changed to classic dough hook and speed is lowered to 10%
of maxi mmwo ogKs476hrenAi d(r)). Alternatively, for smaller bacchsssomer for
exanple, step 42 below, the mxing is done by hand. Once gelled, it is a
stabl e gel that can be cooled, refrigerated, etc, but not frozen. 50 WO
03/ 059756 PCT/ US03/00827 2. Premix the followng materials: 4.8 g wood
flour (aspect ratio 1:4 or less) 6.9 g potato starch 8.3 g corn starch to
form honogeneous Prephilkie Bllowie dypgenous m xture of wood and starches to
29.99g of the pregelled paper potato starch, mx with a dough hook m xer on
| ow speed. This mi4s8 ameor dloyr @hnest ratiel 4 @hlesde cool ed or refrigerated, but
not frozen. 4. P nto nold (50-55 g) and bake at 195-225 C

(i deal 215 C) fora%%g%‘é{og%%glﬁds (ideal 75 C) 5. Coating: Especially Iike
PROTECoaT 6616B by8.MNewoBaterch | nc, commercial, biodegradable, acrylic
based, FDA apprg Fd f.ar food Tlh ur]éol | owi ng exarrpl es and formulas work with
both the conpre g 5%%03?%8"“8 oceéss and injection nolding processes to
produce strong products as neasured by pentroneters. In addition, these

exanpl es and fornu roduce products r‘f'it’r‘r betwe and
3.0 mm for exa I‘Aéﬁsht éﬁ?flé‘§§£§tubef Otlwqg\ém Stirc%l%?rﬁr? 6% OhthR RieSF ‘%‘ H?per

Li st of Weigto! btﬁrcﬁrlﬁﬁBwiﬂh xadugnyhdaﬁrmﬁuéramllav#peeunmlednﬂmasis Stable Ghdean4 025
wood flour 4.8 4.8 4.5 5.0 Potato starch 6.9 5.9 6.5 7.2 Corn starch 8.3

9.3 7.8 8.6 59aled prisfifgsrated, butnopfrozen. 5 3 1095 Potato starch gel 29.9 29.9
31 28.9 Total wt. Mlded 52.1 52.1 51.9 52.0

4. Place mixture into mold (50-55 g) and bake at 195-225 °C (ideal 215 °C) for 60~
90 seconds (ideal 75 °C)

5. Coating: Especially like PROTECoaT 6616B by New Coat, Inc, commercial,
biodegradable, acrylic based, FDA approved for food.

The following examples and formulas work with both the compression molding
process and injection molding processes to produce strong products as measured by
pentrometers. In addition, these examples and formulas produce products with thicknesses

between 1.5 and 3.0 mm, for example, thicknesses of 1.5 mm, 1.75 mm, 2.0 mm or 3.0

mm.
List of Weight in grams mixed by Formula ID #
Ingredients 0O P Q R
4025 wood flour 4.8 4.8 4.5 5.0
Potato starch 6.9 5.9 6.5 7.2
Corn starch 8.3 9.3 7.8 8.6
papet pulp 22 2.2 2.1 2.3
10% Potato starch gel 29.9 29.9 31 28.9
Total wt. Molded 52.1 52.1 51.9 52.0
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51 WD 03/059756 PCT/ US03/00827 Each nodification listed in the above table
I s based on what works best for a specific flexibility and/or nethod of
nol di ng. Wori3esespl e, as you change the concentration of Pe@ttasd®0ELAr Ch,
the flexibility will change. List of Weight in grans m xed by Fornmula ID #
Ingredients S T 4025 wood flour 6.7 4.8 Potato starch 9.6 6.9 Corn starch

11.6 8.3 paper pulp 3.1 2.2 10% Potatog starc el 41.8 29. Total wt.
Mol ded 72.8 52. (?gclTﬁlpél@ﬁ%tw listed fiihg 2oy %lez's E?FF‘S] E"g&gb‘é’r’org%'?edfeéf?han #T)

Li st of |ng%%9ﬁ§ﬂ§)§biﬁ§):ﬁh}or h'f%thgﬂ%Fﬁomng?@o@kaﬁﬁl’eﬂw}%ulcﬁ)dr&e the-1 U2 U3 4025
wood flour 3.3 5.6 3. Potato starch 6.2 10.5 6.6 Corn starch 6.1 10.3
6.5 paper ¢ureniratien  potato garchy, dlos freyibility will ehapge. gel 27.6 46.6 29.4 Tot al
wt. Mol ded 45 76.0 48 Thickness of Mold 2 mm 3 nm 2 mm List of

| ngredi ents Weight in granms mxed by Formula ID V-1 V-2 V-3 4025 wood

flour 4.8 By oF 4 Potato starcir 6.9 1T Light in GPIntS nixed 6Y'FOHHRe IDAHT P 1.8
3.12.0 Ingredients S T
4025 wood flour 6.7 4.8
Potato starch 9.6 6.9
Corn starch 11.6 8.3
paper pulp 3.1 2.2
10% Potato starch gel 41.8 29.9
Total wt. Molded 72.8 52.0
Thickness of Mold 3 mm. 2 mm.
(deeper
sides than
#T)
List of Ingredients Weight in grams mixed by Formula ID #
U-1 U-2 U-3
4025 wood flour 3.3 5.6 3.5
Potato starch 6.2 10.5 6.6
Corn starch 6.1 10.3 6.5
paper pulp 1.8 3.0 1.9
10% Potato starch gel 27.6 46.6 294
Total wt. Molded 45 76.0 48
Thickness of Mold 2 mm. 3 mm. 2 mm.
List of Ingredients Weight in grams mixed by Formula ID #
V-1 V-2 V-3
4025 wood flour 4.8 8.2 5.4
Potato starch 6.9 11.8 7.8
Corn starch
paper pulp 1.8 3.1 2.0
10% Potato starch gel 29.9 51.0 33.8
Total wt. Molded 434 74.0 49
Thickness of Mold 2 mm. 3 mm. 2 mm.
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10% Potato starch gel 29.9 51.0 33.8 Total wt. Mol ded 43.4 74.0 49

Thi ckness of Mold 2 mm 3 mm 2 mm 52 WD 03/059756 PCT/US03/00827 List of
| ngredi erve 08Wsghé in grans mixed by Forrmula ID # W1 W2pca0Rs3msen fl our
3.8 6.3 Potato starch 6.9 11.5 Corn starch 2 3.3 paper pulp 1.8 3.0 10%
Potato starch gel 29.8 49.8 Total w. Mlded 44.4 74.0 Thickness of Ml d
2 mm 3 mm—Fhe_invention-has been described wth reference to various
specific alj ll*‘Stjléﬁégﬁij_lﬁma enbodi ment s and Weshh i gspmsmixed e Veymula ID#hoyl d be
under st ood |that _many variations and modW-lcati o¥-2wi ||| be obwious td those
skilled in{the art fromthe foregoing detailed |description off the
i nvention aARsweoddunrade while renminipg 38thin tie8d spirit ard scopd of
t he i nvent i PotatosBardD 03/ 059756 PCT/ US03400827 \e idlsaim 1. Ajprocess for
form ng a biCedegietdabl e material by: (a) faermng a3mejgelTed|starch
suspensi on| piiRt pilp mai ntai ned between ~appy@xi mat elzyy U]and 60C¢, (D) gdding

to the pre{gel/rethichati RlSUSPENST 0N a ATy 29 daip,49)0Myeneouy M Xtyre
cont ai ni ng{at_feast wood fibers taving AT ASPET ratTo[betweer

appr oxi mat 'TXtaleif cﬂ‘dé‘d 18 \Wrmn teny ”)44&10 |u| Il7|4cﬁjllLllUgb1_TU_Lb mot-egbl e

conposi ti om Th% = gt he—hoenegenous_oHgable —eorpostt-en— | heat
1 k{ﬁés B . nl. nyn : .
to forma “bt+oteg aé\gu -e—fratetal—2—=~A pr%g s-fo u? —orrrg—a-bi-edegradabl e

material by: (a) formng a first pre-gelled starch suspension that is
mai ntai ned at a | ow
The invention has been described with reference to various specific and preferred

embodiments and techniques. However, it should be understood that many variations and
modifications will be obvious to those skilled in the art from the foregoing detailed
description of the invention and may be made while remaining within the spirit and scope

of the invention.
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tenperature; (b) m xing together wood fibers or flour (having an aspect
rati o between approximately 1:2 and 1:8), a second pre-gelled starch
suspensi OWp oansy766 a native starch to form a honbgenous PCTIUSOBO0SET)
adding to the pre-gelled starch suspension the dry or danp, honobgeneous

m xture to forma honogenous nol dabl e conposition; and (d) nolding the
honogenous nol dabl e conposition with heat to forma bi odegradabl e
material. 3. A pWsdddim:for formng a biodegradable material by: (a) formng
a pre-gelled starch suspension (the pre-gel) produced from approximtely
3-10% potato starch by wei ght of the pre-gel and approxi mately 90-97%

wat er by wei ght of the pre-gel such that the pre-gelled suspension is

mai ntained at o temperature; (.b ] Xin oget her. wood fibers or flour
(having an aspect- rat’ roﬁgsts\til@'efﬂn’glﬁébg]’(ﬁ’??%&ableg‘“ai‘?@['é)ﬁd 1:8), a pre-gelled
starch suspensi ofw) pfR@UEed fireaeREPsRYdhTBhL§kNsionl XHaC 8 Nmahakeh bBwedrei ght
of the pre-gel) and a tely 85% water by weight of the pre-gel, and

pr.oxj e
a native st éPRTHX‘(’PE?Fy‘g%%Qr@I% approxi mately 50-70% or, nore specifically,

57- 65.8% corn g ajdaie(lYmbeirdblidafl st PRGN UGy B Sad) hdion)
o 54 VID 037050186 g Dubg SR sarth R Gy (ol e ,’qlr(r)o%rbgpl%%hg

speci fi cal | yixtgregmptaining a5 legstayedd fsys havinglan asfect fado b¢twrarppoémately dadb| e

compositi onklq {8 REMNAAPRNE ARl hAaHEonfldlinE he the pre-gelled

potato starch suspensio nbgeneous m X rma final
honogenous nol dats) emeldimgodiet homogeanes (nab)ldable dpmpositine Wotho deatotes fomd dabl e

conposi tionw . forma biodegradable material. 4. A process for
formng a blb}(?gé%?&g%g?%&ﬁ%teri al by: (a) formng a pre-gelled paper starch
suspension that is maintained at |ow tenperatures; (b) adding to the

pre-gel |l ed paper,star E uspensi on a .dr r..danp,. gk?(mgeneous m xture
containing at | e%ist V\Ig @éﬁs?goé?%mﬂ%?awﬁd%ﬁ%égﬁgg{alﬁ ¥ o bet ween
approxi mately 1:@) femdngl a8fifsiipe-gellel esngtih sudpensicar tat i) ersgs&naDpEs anivdabl e
conposi ti on, and

emperature;

(b) mixing together wood fibers or flour (having an aspect ratio between
approximately 1:2 and 1:8), a second pre-gelled starch suspension, and/or a native starch
to form a homogenous mixture;

(c) adding to the pre-gelled starch suspension the dry or damp, homogeneous
mixture to form a homogenous moldable composition; and

(d) molding the homogenous moldable composition with heat to form a

biodegradable material.

3. A process for forming a biodegradable material by:

(a) forming a pre-gelled starch suspension (the pre-gel) produced from
approximately 3-10% potato starch by weight of the pre-gel and approximately 90-97%
water by weight of the pre-gel such that the pre-gelled suspension is maintained at low
temperature;

(b) mixing together wood fibers or flour (having an aspect ratio between
approximately 1:2 and 1:8), a pre-gelled starch suspension produced from approximately
15% corn starch (by weight of the pre-gel) and approximately 85% water by weight of the
pre-gel, and a native starch (for example approximately 50-70%, or, more specifically, 57-

65.8%, corn starch (by weight of the homogenous moldable composition) or
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(c) nolding the honobgeneous nol dabl e conposition with heat to forma
bi odegradable material. 5. A process for form ng a bi odegradable materi al
by: (a) fwormsisp7asfirst pre-gelled paper starch suspensi orCrhsn3/nes27
mai ntai ned at low tenperatures; (b) mxing together wood fibers or flour
(havi ng an aspect ratio between approximately 1:2 and 1:8), and a native

starch(s) to forma ho eneous m xt.ure: (.c), adding,t e first e-gell ed

starch susr?@ﬁ’é’ixwtei}ﬁez‘ AroYe MRS W%#fﬁ?‘g’ 5309% fp(?qir?%taﬁ%‘n%gyeﬁ@ﬁ@%n%f?ggbl e

conposi t i onyonRthousiholdabld cadpdstonarasanhsmogeledadhixngemposi tion wi th heat

to forma bio e%r adable material. 6. A pr ocess_foh%Lorm ngcalg hi odegr adabl e
C

material by: (a)foradfing igthe nse-ecllfdinotp sarsh syPETONhS PIRCESAERYS UYL Bm

appr oxi mat B AL Omsidanie Rorhiositial fat of the pre-gel), preferably
about 2.5, e‘??‘“%g?ég@mlg% appr oxi?na?deéll?/ 5-10% paper pul p_ (by wei ght of the

pre-gel), preferfdbnpoldibpuhe Sham@egousnholdabler estapesttion ywith - b, tgafam @py

wei ght of the,pre-ge ch that the pre-gelled suspension is naintained
at | ow tenp"e“r’%et%ﬁa?%bg‘?}“é?ﬁ% 03/ 059756 PCT/ US03/ 00827 (b) mixing t oget her

wood fibers or flour (having an aspect rati o between approximtely 1:2 and

1: 8, preferably 4bet %enﬂ%éﬁ_z@lafﬂ%?g—%%)bio%atah%% cgtgﬂ%lz)g,ar ch and native potato

starch to form a“ho re; i ng the pre-gelled potato
starch suspensi qa) tdainoaDgenelsds papext direh tsaspedsionmttat Honoajetaimed atolodabl e
conposition; and éd) nol di ng t he honobgenous nol dabl e conposition with heat
to forma WMBEAYISdabl e naterial. 7. The process of clains 1-6, further

conpri si ng addi ng) AdmB!tE tedre-gelle@ici=pet stdrElPsispdnsion aldrpwt dgnp, ihsinopenebise wood
fibers to forma honogeneous m'xtgre: \%@% waxes, fatty al cohols Iy 1:2
phosphol i pi B&0BE cottapipg A} lgest woed ogergha @‘hi‘spe%if?}@ﬁ‘&ﬂ?%‘ﬂalagl,’f"éme %4
glycerol; (ida)1:SERAEXNERER)Eb Yorh PhckPieieduemoldable vahgiition] ardne hormogenous
nol dabl e conposition); . .

(c) molding the homogeneous moldable composition with heat to form a

biodegradable material.

5. A process for forming a biodegradable material by:

(a) forming a first pre-gelled paper starch suspension that is maintained at low
temperatures;

(b) mixing together wood fibers or flour (having an aspect ratio between
approximately 1:2 and 1:8), and a native starch(s) to form a homogeneous mixture;

(c) adding to the first pre-gelled starch suspension the homogenous mixture to
form a homogenous moldable composition; and

(d) molding the homogenous moldable composition with heat to form a

biodegradable material.

6. A process for forming a biodegradable material by:

(a) forming a pre-gelled starch suspension produced from approximately 2-15%
potato starch (by weight of the pre-gel), preferably about 2.5, 5, 10, or 15%;
approximately 5-10% paper pulp (by weight of the pre-gel), preferably about 5.9-8%; and
approximately 75-95% water (by weight of the pre-gel) such that the pre-gelled

suspension is maintained at low temperatures;
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(1ii1) baking powder; and/or (iv) natural earth fillers, clays, bentonite,
anor phous raw products, gypsumor calciumsulfate, mnerals such as

| i mest onewoas/osErse made inert fillers. 8. A process conpri Cmgsosreosst eps of :
(a) formng a pre-gelled starch suspension or paper starch suspension that
is maintained at a | ow tenperature; (b) m xing together wood fibers or

flour (having an_.aspect rati,o bet approximately 1:2 and 1:8) and (i)
dry or danp st ar@; B‘C’f‘i‘% t glebe‘f'?q\vﬁg%gfrér‘?fhﬂo‘(ri Hﬁ)’mﬁ/a%‘, aspegt {rgtio |betisen |

phosphol i pi dpaogihetelPlDand }IIQSQBref@PAl?ZHét@EenV\ﬁi ety 1:1), A&RRBofPdtateh 4n)naldki Ng
powder; and/or (vi) honogenous nol dabl e conposition of natural. earth
fillers, cl &tatostaghodpt shomegspesys mixtig pr oducts, gypsum or cal ¢i um

sul fate, m neral &)SH&Re 85the bl BRI tas?g ‘mﬁlgﬁ% '

fly-ash to form gc)hom%enegt}}sé%xt grag;o cg a méﬁﬁoﬁ{e&ggéeéysg}g%g%%tar ch
suspensi on tere ghgmegenhs meldahlerrogpnsiters andri xt ure to form a honpgenous

nol dabl e conposi t40R; ﬁgd d i t onpgenous nol.dabl e conposition
with heat to form)aﬂml)l déger Qgﬁn‘é#@moﬁ%t%&??ﬁg B P@ﬁ*‘%ﬂb‘&b?}\ﬁ% ﬁt‘l‘rf%oas/ 00827
9. The procdsslegridableanaterial.- 8, wherein the pregell ed starch suspension is

produced from approxi mately 2.5-15% starch (by weight of the pre-gel), and
from approximately 85-97.5% of water by wei ght of the honbgenous nol dabl e

conposi tion. 10.7The Ere?ﬁms of clainai I®, illmﬁer Sfprisihg atidiag Erlﬁatgﬂifl lseieetad ar ch
suspensi on | oduced from r oxi mat e 2.5-5.5% starch an rom

appr oxi nat effr)‘?“’gtii‘? &*@V?@%ﬁ/@f@‘%“ﬁ@e’sﬁﬂé‘y"ﬁ’r%@é‘%ewui:‘iﬂﬁﬁ“ffﬁ‘ 1-8, wherein the
pre-gel |l ed starctl) SwaR§NFitHN alcohdlE,0 PHEDHORPI@MAPHLEX iniBE Ghilectia?- WefgnPot at o
starch, and 90, to 7.5°ovva} er (by weight of the pre-gel). 12. The process

of clainms 1P8hemedssvehanglygsrel gel | ed starch suspension is produced from

appr oxi mat el y 156 cqproxshaé1s 0.6 2090080t (69T whiBR Bf S Homogddus HMSaddiPcess
of clainms 1-8, wherein the pregelled paper starch solution is produced

fr om appr ox FPMBREILPRE- 10% paper pul p (by wei ght of the pre-gel),

approxi mately  5aihHskind powded andfogr ch, and approxi nately 75-90% wat er (by
wei ght of the pre-gel). 14. The process of clains 1-8, wherein the starch
is corn starch OQJv)p@glagloearth fillers, clays, bentonite, amorphous raw products, gypsum or

calcium sulfate, minerals such as limestone, or man made inert fillers.

8. A process comprising the steps of:

(a) forming a pre-gelled starch suspension or paper starch suspension that is
maintained at a low temperature;

(b) mixing together wood fibers or flour (having an aspect ratio between
approximately 1:2 and 1:8) and (i) dry or damp starch; (ii) pre-gelled starch; (iii) wax,
fatty alcohol, phospholipid and/or other high molecular weight biochemicals; (v) baking
powder; and/or (vi) homogenous moldable composition of natural earth fillers, clays,
bentonite, amorphous raw products, gypsum or calcium sulfate, minerals such as
limestone, and man made materials such as fly-ash to form a homogeneous mixture;

(¢) adding to the pre-gelled starch suspension the dry or damp, homogeneous
mixture to form a homogenous moldable composition; and

(d) molding the homogenous moldable composition with heat to form a

biodegradable material.
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starch. 15. The process of clainms 1-8, wherein the starch is a m xture of
potato starch and corn starch. 16. The process of clains 1-8, wherein corn
starch cowproseswsappr oxi mately 4- 18% by wei ght of the hecrgsosos2nol dabl e
conposition. 17. The process of clains 1-8, wherein wod fibers or flour
conprise approximtely 11-24% of the honogenous nol dabl e conposition that

contains the pregelled starch_solutiagn. .18. The pr S f | 1- 8,
wher ei n the wood-fi bdi§ REPCeps BEFP%M%JS‘@WG%@FO??%%%%S?/argih f%% Sgﬁlwgesi ght of
the hormgen?,&saudzelf#@@laﬂpp&gm&yums%haﬁrcﬁqm aveight ofhthe pregel),| ad fraper

I 0

starch solution. 19. The ﬁprocess of clains 1-8, wherei nbihe wood fibers or
flour have sppreimetely 85:9:5%of Water by Weieht ohibe homezeneys RAfEbl FmpesgRel v 1: 2

and 1:8. 20. A bjpde UIARS 110 Bhehdi Bhd Ple-gPHEE sAEHOSEPEGIohd a
process of cl aiirgs? 1%{)8%%?&% gl?ms 24-27. 21. Thear‘?agtégri al of claim?20 that

di si nt egr at peduced donpappenimately 2¢5-3.5%|stasch and fam apprexipataly 945-97:PieVHgh er i al

of claim?20 that,disinte . : 1 i iSl X
ot ha. 57 v o3t Do e HREsERE SRS TR %&"gﬁlge‘ﬁgtgglﬁdal&aﬂgfﬁ%E?pae%’{in&goss t hat
di si nt egr at pedided¥bntlapsoxidely el (9% potewsstanth, adefiOrte 975 Yowatariby mgichhek
conpri ses using Eressure in conbination or alternation with heat to nold
t he bi odeng{T f&haterial . 25. The process of claim 24, wherein the
pressure i s between aphermytesBioticlaims 1-8, Ivipsdin Bfe. prEigellqr starh ssusensidmiins
1-19, wherein heat is used t roduce .t he . .nmat er | 27. ~The process of
clai m 26, whEdsseq f{%am%mq}glgﬁ5%§oﬁbﬁtﬂc fbg “ﬁf%ﬁ%?% SHER naterials is
bet ween appr oxi npg el yrhb3Rocke06E claiths TFa\ewlisdie licapregelied bapems@fthcobttienl isv t h a

suitable liquid-resistant coating. 29. The nateri t he aim 28 erein
t he coati ngprogueedfeam wrW%WWéa&/hﬁ@er B‘ﬂlﬁﬁbya%eléﬁﬁg éet'g%’rag%”ﬁgwe&at ,
Inc.), Zei ngIrpsof RaliaPE5EK AH@R}RoIRLRI BL0%S whidi @Y weight of the pre-gel).

14.  The process of claims 1-8, wherein the starch is corn starch or potato

starch.
15.  The process of claims 1-8, wherein the starch is a mixture of potato starch

and corn starch.

16.  The process of claims 1-8, wherein corn starch comprises approximately 4-

18%, by weight of the homogenous moldable composition.

17. The process of claims 1-8, wherein wood fibers or flour comprise
approximately 11-24% of the homogenous moldable composition that contains the

pregelled starch solution.
18.  The process of claims 1-8, wherein the wood fibers or flour comprise

approximately 7-11% by weight of the homogenous moldable composition that contains

the pregelled paper starch solution.

19.  The process of claims 1-8, wherein the wood fibers or flour have an aspect

ratio, width to length of between approximately 1:2 and 1:8.

20. A biodegradable, compostable material made according to a process of

claims 1-19 or claims 24-27.

21.  The material of claim 20 that disintegrates to component parts in less than

one year.
22.  The material of claim 20 that disintegrates to component molecules in less

than six months.
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fromcorn); polylactic acid; poly hydroxyal kanoate; bacterial cellul ose;
chitosan based polyner; or waxes and oil based coatings. 30. The materi al
of clai mw®®,03bsei n the coating is applied either as a tmrca/usbs/bese7 sprayed
or dipped. 31. A process for creating a waterproof material by: (a) formng
a first pre-gelled starch suspension that is naintained at |ow
tenperatures; (b) m xing together wood fibers or flour (having an aspect
rati o between appr oXherasteda) oficl@imeiy that diyintegnatds idd, dagst t y al cohol ,

phosphol i pids or oth hi gh nol ecul ar i j i S :

gl ycerol ; (c) aééﬁ ngﬁéeopf‘ﬁ%ssf? 5y él&‘éﬁ%@r&@%%ﬁﬁ@%ﬁ?}dgﬁ i @%E&Pﬁim
honogeneousofibifbtidiEor akitiiniithithebite muldtie biodegradabld notdrial. nateri al ; (d)

nol di ng t he honmogeneous conposi t.ig fth heat to f.o a hi adeqr | e
material; and (&9 codk§ ﬁ@cegg cA%'ﬁ“e?rr}l'r \%er\ﬁi“tqﬁe Aesspigdt é‘%’%eé‘i a@?f%ﬁ"ag%g? ing. 32.
The materia,of claim31l, wherein the coating is includes but not limted
to PROTECoa%, Zein(r); polylacticacid; paly hydroxyal kanoate; hacteri al
cel lul ose; chit8an Thepreesspeficlaies &:19owh%&§%af§ﬂae Prosectie BB iPngs. 33.

The process of ghai ERinP2d, RN 1he hbls Qfed 18 rhald Mebibdegrdatiound
the nol ded arti g:7'e. ngﬁéprxx%rg}g{gess IS ?r ovided for creating an gpen cell

f oam mat er imdterins is betyesmapproaimately 1$&25Q5Fe- gel | ed starch suspension that is
e e Zipor The SR b Eifm Aol QIR REHd-MEQERE, (0)
m xi ng toget her "Wood Tibers or our aving an aspect ratio between
approxi matel y 129. an@hd mjerialathe elgn@8pwbergisl the doating it brlepted feam ice#(ingd form a
or o gl Tod LAt RROYEC B NBroM g 268 (o bt B R o i
the wood fifh@i Somndpaifieaiochcht; polyehydeckystkanwie; batetial ¢pilvieserFhitpsarh based
hormgeneouspo?y?nrg?;oglvxt'zfxgsnan\émohrl])asrcleg%gatlings.f orma biodegradable material.
30. The material of claim 28, wherein the coating is applied either as a thin
film, sprayed or dipped.
31. A process for creating a waterproof material by:
(a) forming a first pre-gelled starch suspension that is maintained at low
temperatures;
(b) mixing together wood fibers or flour (having an aspect ratio between
approximately 1:2 and 1:8), and wax, fatty alcohol, phospholipids or other high molecular
weight biochemical, such as glycerol;
(c) adding to the first pre-gelled starch suspension the homogeneous mixture
containing the wood fiber and other material;
(d) molding the homogeneous composition with heat to form a biodegradable
material; and
(e) coating the material with a liquid-resistant coating.
32.  The material of claim 31, wherein the coating is includes but not limited to
PROTECoat, Zein®; polylacticacid; poly hydroxyalkanoate; bacterial cellulose; chitosan
based polymers; or waxes and oil based coatings.

33.  The process of claim 28, wherein a vacuum is used to form a film around

the molded article.
34. A process is provided for creating an open cell foam material by:

(a) forming a first pre-gelled starch suspension that is maintained at a low

temperature;
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35. A process for formng an open cell foammaterial by: (a) formng a
pre-gelled starch suspension produced from approxi mately 3-5% potato
starch (bwowsiogitss of the pre-gel) and approxi mately 95- 97%#Cwatses/oq8by wei ght
of the pre-gel) such that the pre-gelled suspension is maintained at |ow
tenperatures; (b) m xing together wood fibers or flour (having an aspect
rati o between approxinately 1:2 and 1:8), a second pre-gelled starch
suspensi on (the &vcwixingitegethet )woodr Gbtlers ent flown(lmpipg cani mEeel Yatiod Yetw@em

starch (b i eond_pre- gel d . approxi ely 85% wat er (by
wei ght E)f yt %Eﬁrg%@c?%&’ E?gnd;iég)), a S%J%HSB%Rg%}ﬁggg’%é&BW'Oﬁr{SEM‘Tﬁ}BWFﬁ’F@“bOMer
(by wei ght ecbmpdsitidnpandgesomoeisf gwe] dabl e conposi ti on% to forma honpgeneous
m xture; (c) addj .0 th e-gel | otato starch suspension a
hOITDgEI’lEOl(JS) m xt {f? gdé'%}ﬁ @F ﬁ{rﬁd’g‘?‘ﬁ%’ﬁa&g’d% ?‘H@‘?"é“’%ﬁd‘%#’éd@‘ém hamagepasust ar ch
to forma haigeentdningBhehadddeibetmaasdohi ?féi-geﬁ&ijstz(rgﬁ; a@! di ng the
honobgeneous nol d@?l e conposition with heat to forma biodegradable
material . 36. ThE)mReldpg dte bomegearqusoepmpesitipr vilrheabto fraup biodgradatie

mat eri al of pfatediiyn 20 in the formof a tray. 38. The material of claim20

inthe formof a bow. 39. The material of claim20 in the formof a
plate. 40. The ¥at erA Biocess farifermingan ¢nen celbfopmmemterial by:ut ensi | . 59

(a) forming a pre-gelled starch suspension produced from approximately 3-5%
potato starch (by weight of the pre-gel) and approximately 95-97% water (by weight of the
pre-gel) such that the pre-gelled suspension is maintained at low temperatures;

(b) mixing together wood fibers or flour (having an aspect ratio between
approximately 1:2 and 1:8), a second pre-gelled starch suspension (the second pre-gel)
produced from approximately 15% corn starch (by weight of the second pre-gel) and
approximately 85% water (by weight of the second pre-gel), and baking powder of 0.4~
12% baking powder (by weight of the homogeneous moldable composition) to form a
homogeneous mixture;

(c) adding to the pre-gelled potato starch suspension a homogeneous mixture
containing the wood fibers and pre-gelled corn starch to form a homogeneous moldable
composition; and

(d) molding the homogeneous moldable composition with heat to form a
biodegradable material.

36. The material of claim 20 in the form of a cup.

37. The material of claim 20 in the form of a tray.

38. The material of claim 20 in the form of a bowl.

39. The material of claim 20 in the form of a plate.

40. The material of claim 20 in the form of a utensil.
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