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SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
DIVISION DE NUEVAS CREACIONES
E S D

RESPUESTA A OFICIO 6388 DE JUNIO 08, 2008

REF Expediente No 08 042 813 - Solicitud de Patente

a favor de MICHIGAN STATE UNIVERSITY

Titulada COPOLIMEROS DE INJERTO DE ACEITE VEGETAL-ALMIDON Y SUS
COMPUESTOS DE BIOFIBRA, Y UN PROCESO PARA SU MANUFACTURA

JUAN PABLO CADENA SARMIENTO, vecino de Bogota, portador de la tarneta profesional
No 574982, obrando como apoderado susituto de la sociedad MICHIGAN STATE
UNIVERSITY, segun lo acredita el documento de sustitucidn de poder anexo, para dar
cumphmiento al requenmiento notificado por fijacién en hsta el 08 de Junio de 2008, de
acuerdo con los Articulos 38 y 39 de la Decisidon 488 de la Comisiéon de la Comunidad
Andina, me permito allegar

1 Fotocopia autenticada del documento de poder confendo por MICHIGAN STATE
UNIVERSITY, incluyendo el Certificado que acredita la Existencia y Representacién
Legal, debidamente apostiliado, junto con su comespondiente traduccién

2 Documento donde consta la cesibn del derecho a la Patente otorgado por los
inventores al solictante, debidamente apostilado, junto con su comespondiente
traduccién

3 Copia certfficada por la Oficina de Patentes de Estados Unidos de la primera solicitud
presentada para la misma invencién, de la cual REIVINDICAMOS PRIORIDAD, junto
con su comrespondiente traduccion al castellano

4 Extracto para publicacién y Taneta de archivo Tematico

L Z/’//f'

UAN PABLO CADENA SARMIENTO
C C No 80410 337 de Usaquén
Cra7 No 16-568 Piso 9

De la sefiora Jefe atentamente,

Bogotd Julio 27 2008
CHP/MEV/Mer






' SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
g ¢ DIVISION DE NUEVAS CREACIONES
Industria y Comerdo DO

Ing TARJETA ARCHIVO TEMATICO
SUPENINTEWGEWCIA PATENTEDEINVENCION X PCT __ MODELO DE UTILIDAD ___ DISERO INDUSTRIAL ___ | \/

(21)N° de soficitd 0B 042 813 (22) Focha de soicind 05-05-2008
{541) Clasificacidn Intermacional

(71)Solicitanta(s) MICHIGAN STATE UNIVERSITY
(72) inventor(es) Ramani Nareyan Sunder Balakrishnan, Boo-Young Shin
!74! ﬂm JUAN PABLO CADENA SARMIENTO

{30) Prioridad 31)  No Priondad  (32) Fecha (33) Pals FIGURA CARACTERISTICA
11/124,491 08-05-2005 us 8x8cm
(85) Fecha Inico fase naclonal {87 Publicacidn intemacional
(86) Datos relativos a Ia presentacién de la solic. PCT Fecha
Fecha de preseniacin de la solicitud No Publicacién WO
No. de solicitud  PCT/

(54) Ttulo COPOLIMEROS DE INJERTO DE ACEITE VEGETAL-ALMIDON Y SUS COMPUESTOS DE BIOFIBRA,
Y UN PROCESO PARA SU MANUFACTURA

Renindicacidn(es) 1  Una composicidn de copolimero de Injerto de acelte vegetal - aimiidn, biodegradable, que es una
mezcia reactivamente combmada, que comprende un aimiddn granulado, un acerts vegetal o su denvado, que comprende
b un modficador reactivo con el almidon, y un plastificants hdroxilado

CONTINUA AL RESPALDO




10 La composicidn de la Revindicacion 1, en donde

18

2

ol plastificante 68 un alkcohol polihidrico en una

canbdad entre 10 a 40% en peso del peso toial de

la composicion

La composicidn de la Remndicacn 1, que

comprende el modificador el cual se selecciona

del grupo conformado por acxdo dibésico o ciclico

y sus anhidndos

Un proceso pam producir una composicién de

copolimero de acete vegetal - aimiddn,

biodegradable, que comprende

(a) Combinar reactvamente una mezcia de
un almdén granulado, un aceite vegetal
0 su denvado, que comprende un
modtficador reactivo con el almidon, y un
plastrficante en un reactor; y

(b) Rotirar la composicidn del reactor para

producir la composicion



PODER
Yo (nosotroas} MICHIGAN STATE UNIVERSITY

domicihado{s) en 238 Administration Building, East
Lansing, Michigan 48824, Estadoa Unidos de América

Nombrolamos) a JUAN PABLO CADENA SARMIENTOQ
y/o CARLOS H PALACIO EASTMAN y/o MARTIN E
TORRES CARDOZO de Bogotd, Colombia, apoderados
vardederos y legales con poder especlal, amplo y
sufictente, pere recabar de las oficinas y eutorldades
colombianas administrativas, judiciales y de policia en
cualquier instancie o recurso, la obtencién de patentes de
invencién, registros de marcas, disefios industnales,
modelos de utihdad, depésitos de nombres comercialas,
lemas comaerclales y ensefles, registros de derechos de
autor y contratos sobre los mismos, obtencidn de
certificados de obtentor de variedades vegetsles, asi
como sus prorrogas  renovaciones anotaclones da
traspaso, cambios de nombre y/o domiciio elaborar
tramitar y ragistrar contratos de licencia y licencias de
cualesquiera clages, Intervenir como demandante o como
demandado en cualquier nstancia y recurso ante
cualquier juez corporacidn, funcionaric pilblico o
sutondad en acciones judiciales administratives y de
policla tales como oposiciones al registro de marcas
acciones de caducidad, cancelaclén y nulidad acclones
reivindicatonas, acciones denvadas de la obtencidn o
explotacién de licencias, acciones de competencia
desleal, dermandas psnales, acciones de indemnizacién de
perjulcios raclamos y observacliones a solicitudes de
patentes disefios industriales modelos de utlidad, en el

gjerciclo de medidas cautelarea y en otras acciones o
medidas similarea

A este efacto, lois) faculto{amos) para elevar solicitudes
formular descnpcionas enmiendas, protestas,
declaraciones, oposiciones cancelaclones nulidades,
apelaciones y reclamos, pagar lmpuestos, cuotas vy
gravdmenes preacritos por la ley, renuncier o deslstir a
derechos concedidos o en curso de concesién, recibir
toda clase de documentos y valores, dando el descargo
respectivo, Yy, en general, para dar ante dichas
autoridades todos los pasos necesarios al efecto indicado
y tomar todas las medidas que creyeren conducentes al
resguardo de mis {nuestros Intereses), con todas las
demds facultades legales nacesarias

Este poder comprende la facultad de ratiflcar o confirmar
en mi {nuestro) nombre jo actuado asl como la facultad
de dasistir, transigir, comprometer, y la de sustituirio en
todo o0 en parte y revocar sustituclones  Asimismo
nombrojfemos) a JUAN PABLO CADENA SARMIENTO
y/o CARLOS H PALACIO EASTMAN y/o MARTIN E
TORRES CARDOZO domiciliado{s} en la Carrera 7 No
16 66 Plso 9 mis {nueatros) apoderados en Colambia,
con facultades para recibir notficaciones y designar
apoderados judiciales o extrajudicialg

Otorgado y firmado e -
hoy de
Flrma

Nombre
Cargo

Brigard & Castro

BOGOTA COLOMBIA

As 1old 0o

W
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POWER OF ATTORNEY

| {We} MICHIGAN STATE UNIVERSITY

domiciled In 238 Admwustration Builldmg, East Lansing,
Michigan 48824 Unitad Statas of America

Hereby sppoints JUAN PABLO CADENA SARMIENTO
and/or CARLOS H PALACIO EASTMAN and/or MARTIN
E TORRES CARDOZO, of Bogotd, Colombla, my ({our)
true and lawful sttomeys with special, ample and
sufflcient power to obtaln from the Colombian
admimistrative, judicial and pohce offices and authonties,
in any Instance, pnvileges of patents of Invention,
registration of trademarks, industrial designs and utility
models reglstration of commercial names, slogans and
emblems, registration of copynght and contracts refataed
thereto, certificates of obtainers of vegetables varietias,
as well as extensions, renewals and recordsl of
assignments and changes of name and domiclle related
to the above, to prepare, prosscute and register licenses
of any kind, to act as plaintiff or defendant in any
instance or recourse, and before any judge, corporation
public offictal or authonty in judicial, administrative and
police actions such es oppositions to the regiatration
of trademarks, ceducity, cancellation and nullity actions,
claim actions derived from the obtamning or explortation
of hcenses action of unfer compettion, criminal
proceedings, actions for payment of damages claims or
observations on patent applications, models, ndustral
designs end utility models, in the exercise of preventive
measures and In other actions or similar procesdings

To that effect they hereby empowered to file
apphcations, formulate descriptione amaendments
protests  declarations, oppomtions, cancellations,
nuliities, appeals and claims, to pay taxes, quotas and
assgessments prescribed by law renounce or waive the
nghts granted or in the process of granting, to recelve all
kinds of documents and valuables, glving the raspective
release of recelpt, and, In general, to take befare said
authorities the necessary steps to such effect, and any
measures that they may deem pertinent to the safeguard
of my f{our} interestis)} with all the othaer nacessary
legal powers

This power Includes the faculty to ratify or confirm
deslst settle and compromise on my (our} behalf, and to
substlitute this power 1n whole or In part and to revoke
substitutions At the same time 1 {Wea) heraby appoint
JUAN PABLO CADENA SARMIENTO and/or CARLOS H
PALACIO EASTMAN and/or MARTIN E TORRES
CARDOZO domiclled in Carrera 7 No 16-56, Plso 9,
my {our) attorney{s) in fact, with powers to recewe
notifications and to designate judicial and extrajudiciai
attomeys

Name Lorampe J Hudson
Title Director of Intellactual Property
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Terrl Lynn Land
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CERTIFICADO NOTARIAL (SOCIEDAD)

Hoy de de
parsonalimente comparecié ante mf

a8 qulen conoxco, y de quien ma consta que fimd el
antenor documento debidaments juramentado declard y
dijo que él [ella} es

da MICHIGAN STATE UNIVERSITY

Socieded legalments constrtuida para un perfode de
duracién que aun no ha terminado, que el declarante estd
autorizado por dicha compafifa pare conferir este poder,
que el sello estampado por é| al pie de tal poder, en
nombre y representacién de la expresada compafife, es el
sello oficial de ella, y que el objeto para el cual sa confiare
este instrumento estd comprendido dentro del objeto
sociel de la socledad

El guscrito Notario hace constar que tuvo a [a vista las
pruebas de la existancia de la sociadad

Estado de
con fecha

Y que quisn confiers el
representante

presente poder es su

Noteno Plblico ({sello}

CERTIFICADO NOTARIAL
PERSONA NATURAL

Hoy de de
ante mf

» comparecid{eron)

a8 quien {(es) conozco y me conste que esa{son) la(a)
persona{s} firmente({s) del documento que precede y
quienies) declara{n} que otorgan sl mismo para loa fines
y propdeitos que en é| se axpresan

\0‘\7

NOTARIAL CERTIFICATE (CORPORATION)

On this 21 day of June, 2006 of
peraonally appeared before me

LORAINE J HUDSON

to me known and known to me to be the person who
signed the foregoing Instrument who belng by me duly
sworn did depose and say that he {shs) 13 the
DIRECTOR OF INTELLECTUAL PROPERTY

of MICHIGAN STATE UNIVERSITY

Which s legally constituted for 8 term not yet expired,
that deponent |a authonzed by sald Company to confer
this Power of Attornay thaet the sesl affixed hereunto
by the deponent in the neme and on behalf of »aid
Corporation 18 the corporate seal thersof and that the
purposs for which this instrument s granted Is included
within the carporate purpose of company

The undergigned Notery Publlc attests that he has seen
the documents that prove the existence of the company

State of
under date of

snd thet he {she)] who grants the present power of
attorney 1s rts Rapressntative

Public Notary {Seasl)

NOTARIAL CERTIFICATE
NATURAL PERSON

onts Al3L day of Jure of 280 b
peraonally appeared before me

who Is{are) known to me and who | attest executed the
foregoing document and he {thay} declered he (thay)
grant(s) the document for the uaes and purposes thersin
expraased

Notary Public (Seal)

ATION BY APOGTILLE IS REQUIRED

DORIS J BLANKEN
Notary Public, Eaton County, M|
My Comm Expires June 13, 2007
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TRADUCCION AL ESPAROL del Documento de Poder otorgado por
MICHIGAN STATE UNIVERSITY domicliada en 238 Administration
Building, East Lansing, Michigan 48824, Estados Unidos de América

ESTADO DE MICHIGAN

DEPARTAMENTO DE ESTADO

APOSTILLA
(Convencién de La Haya del 5 de octubre de 1861)

1 Pals ESTADOS UNIDOS DE AMERICA

Este documento publico

2 ha sido firnado por Dons J Blanken
3 actuando en capacidad de Notario pablico de Michugan
4 lleva el sello de Dons J Blanken

Condado de Eaton, Michigan

CERTIFICADO
5 en Lansing, Michigan 8 el 6 de julio de 2006
7 por el Secretano de Estado, Estado de Michigan
8 NO 20588W-06
9 Sello/timbre 10 Fima
(Firma)
Tem Lynn Land

La certificacidn da testimonio de la autenticidad de la fima del funcionano
que firmo el documento anexo, la capacidad en la cual gctud ese funcionario,
y donde sea apropiade, la idenhdad dgl.eefgeOo®inbre que lleva el
documento  Esta certificaciog.Resei e, Bwcfie\ 1mplicar que los
contenidos del documento sorigs 5 tlenen\la aprobacion del
Estado de Michigan \
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DEPARTMENT OF STATE

APOSTILLE
(Convention de La Haye du 5 Octobre 1961)

1. Country:  UNITED STATES OF AMERICA
This public document

2. has been signed by- Tammli L. Taylor

3 acting in the capacity of:  Michigan Notary Pubhic

4. bears the seal of: Tammi L. fTaylor )
Ingham County, Michigan

CERTIFIED: ’

5 at Lansing, Michigan 6. the 6th of July, 2006
7 by Secretary of State, State of Michigan
8. NO 20589W-06

9. Seal/Stamp 10 Signature:

uihhod

Terr1 Lynn Land

Tris svilition stisets sniy b the mshentehy of I Signater of B sl whe
slgred b Sliawd degpurpst, B npaally i which Sut alieisl scted. svef wiwre
spgogriis, e Kenity of Sw susl or sty whish i) doamn bears. This
wwtfiopiicn Iy rot interxiet o bnply fht B eiethvin &F St dlymant ore somvedt,
e thal ihey heve e approwal of S (ieie of Mahiges
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MSU 4 2-726 Colombia

TRUE COPY

Being duly sworn, I, MARY M MOYNE, an attorney
at McLECD & MOYNE, P C , having offices at 2190 Commons
Parkway, Okemos, Michigan 48864, depose and say

THAT I have examined the attached photocopy of
the original Assignment and have compared the copy with
the original document and find that the attached document
18 a true and faithful reproduction of the original and
purports to convey all right, title and interest in and to
Colombian Patent Application No 06 042 613 entitled
STARCH-VEGETABLE OIL GRAFT COPOLYMERS AND THEIR BIOFIBER
COMPOSITES, AND A PROCESS FOR THEIR MANUFACTURE and to any

and all Letters Patent to be obtained thereon to Board of

wa

[

Trustees of Michigan State University

Date July 6, 2006

STATE OF MICHIGAN
ss
COUNTY OF INGHAM

On this 6 day of July, 2006, the aforesaid MARY
M MOYNE appeared before me and being duly sworn asserted
the foregoing facts in regard to the attached documents
are true to the best of her knowledge and belief

Q;khnnu “9 Clgig‘WJ
Notary Publaic

My Commission Expires TAMMI L TAYLOR
My Commizsion Expires Oct. 27 2008

SEAL
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UNITED STATES PATENT AND TRADEMARXK OFFICE

Unpan SECaxTARY oF COMMERCE FUR INTELLECTUAL PROTEINTY AND
Dmucron or THE UNrTep STATES PATENT AND TRADEMARX OFRICT

FEBRUARY 10, 2006 U LT
PTAS —

MCLEOD & MOYNE, P C
2190 COMMONS PARKWAY
OKEMOS, MICHIGAN 48864

UNITED STATES PATENT AND TRADEMARK OFFICE
NOTICE OF RECORDATION OF ASSIGNMENT DOCUMENT

THE ENCLOSED DOCUMENT HAS BEEN RECORDED BY THE ABSIGNMENT DIVISION OF
THE U 8§ PATENT AND TRADEMARK OFFICE A COMPLETE MICROFILM COPY IS
AVAILABLE AT THE ASSIGNMENT SEARCH ROOM ON THE REEL AND FRAME NUMBER

REFERENCED BELOW

PLEASE REVIEW ALL INFORMATION CONTAINED ON THIS NOTICE THE

INFORMATION CONTAINED ON THIS RECORDATION NOTICE REFLECTS THE DATA
PRESENT IN THE PATENT AND TRADEMARK. ASSIGNMENT SYSTEM IF YOU SHOULD
FIND ANY ERRORS OR HAVE QUESTIONS CONCERNING THIS NOTICE, YOU MAY

CONTACT THE EMPLOYEE WHOSE NAME APPEARS ON THIS NOTICE AT 571-272-3350
PLEASE SEND REQUEST FOR CORRECTION TO U S PATENT AND TRADEMARK OFFICE,
MAIL STOP ASSIGNMENT SERVICES BRANCH, P O BOX 1450, ALEXANDRIA, VA 22313

RECORDATION DATE 10/26/2005 REEL/FRAME 017152/0430
NUMBER OF PAGES 5

BRIEF ASSIGNMENT OF ASSIGNOR'S INTEREST (SEE DOCUMENT FOR DETAILS)

ASSIGNOR
NARAYAN, RAMANI DOC DATE 05/06/2005

ASSIGNOR
BALAKRISHNAN, SUNDER DOC DATE 10/23/2005

ASSIGNOR
SHIN, BOO-YOUNG DOC DATE 05/23/2005

ASSIGNEE
BOARD OF TRUSTEES OF MICHIGAN
STATE UNIVERSITY
238 ADMINISTRATION BUILDING
MICHIGAN STATE UNIVERSITY
EAST LANSING, MICHIGAN 48824

PO. Box 1450 Alexandria, Vimginia 223131450 - wwwuseT0 GOV
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SERIAL NUMBER 111244895] FILING DATE 05/06/2005
ISSUE DATE

PATENT NUMBER
TITLE STARCH-VEGETABLE OIL GRAFT COPOLYMERS AND THEIR BIOFIBER COMPOSITES,

AND A PROCESS FOR THEIR MANUFACTURE

017152/0430 PAGE 2

ALLYSON PURNELL, EXAMINER
ASSIGNMENT SERVICES BRANCH
PUBLIC RECORDS DIVISION
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11 -02-2005 DocketNo. | MSU 41-726
Patent and Trademark
103112184 , Offca
Ted sottingep- & > 'V v v v v v v
To the Direciorof the Unilad Sindes Palant snd Trademark Ofiice- Plese record the attaches] original documents or copy therwo!
1 Mdmmr 2 Name mnd address of recaiving party(les).
mul"““. an Nerme: Board of Trustees of Michigan State University
internal Addresa:
Addiionsl nemes{s) of comveying party(ios) D Yes B No
3. Natura of conveyance’ - —_—
B Assignment O Meger Strest Address; 238 AdministrationBullding
O Securly Agresmant 0 Changeof Name MICHIGANSTATE UNIVERSITY
O Other City EastLansing State M1 20 4084
R. Narayan 5/6/2005 8 Balakraishnan
ExscubonDate 10 /23 /2005 - B Shin 5/23/05 | Addiionsineme(s) & acddress{es)sitached? [ Yea 9 No
4 Appiication number(s)or patent numbers{e): -3
numhmmwum-mmmmmdmmg g <1
A. Patent Applicabon No.(s) B. Patent No (s) g Al
W
117124491 ;' -,
m 5
-y
e . 8
z G i"-.}:

Addfionsi numbsrs sttached? (1 Yes @ No
5. Namo and address of party o whom coffespondence 8 Totat number of applications and pateris invoived: E.

concamng document should be malled

Name; lan C Meleod 7 Towlies (S7CFR3.41). . 3 @

Intemal Address: MecLeod & Moyue, P.C. B Enciosed- Any excess or insufficiency should be
credited or debited to deposit account

O Authorized to be cherged to deposit account
8 Deposit accountnumber

Street Address. 2190 OCemtmons Parkway .

q 130618
Olamos Statc M1_ 2)P-
Chy 48864 (Attach dopiicals copy of this pags If peying by depoelt accound)
w
9. Statemnentand signature.
To the beat of my knowiedge and bellel, mmm-mmmmmmmnmmy
of the original document. .
Inn C. MeLeod - 10726/2005
Name of Person Signing Signature Date
“Totnl number of Indiuding cover shesl, sttechments and document: D
%—.—m

Al AssignmantRerontstion Sarvicss
Direciorol e r-mr-u-tm P O. B 1450, Alsxandris, VA 22313-1450

11/01/2005 ECOIPER  SOMO0RLS 111PVS
01 FEusRt ®.0 e
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Docket MSU41-726

R. Narayan 5/6/2005 8. Balakrishnan
ExecutionDeté 10/23/2005 B, Shin 5/23/05

Fome T Qaetion RECORDATIONFORM COVER SHEET " U8 DEPARTMENTOF COMMERG
Puient end Trademark Offict
-l e PATENTS ONLY
Tab ssltingodp- - 9 V¥ Y \4 hd v 4 4
To the Direcior of the Unifiod Stales Patent and Trademark Office: Please record the attached original documents or copy thereof
1 Name of conveying party(ies) 2 Name and address of recelving party(les)
&ldughhﬂn!
Boo YougShin Name Board of Trustees of Mickigan Sinte University
Intemal Address.
Adcdiional namee(s) of conveying party{ies) [ Yes & No
3 Nature of conveyance
& Assignment O Meger StreetAddress. 238 AdministrationBafiding =~~~
O Security Agreement 0O Changeof Name MICHIGANSTATE UNIVERSITY
O Other Chy Eastlansing State: MI__ Z1p- 48824

Additional name(s) & address(ea)altached? [] Yes B No

.4 Applicaton number{s) or patent numbers(s)

A. Patant Application No.(s)
11/124,491

¥ this docurnent s being filed together with & new application, the execuion date of the application is:

B. Patent No.(s)

Addiionsinunbersattached? [0 Yea [ No

5§ Name and address of parly i whom comespondence
conceming document should be malled

8 Totai number of applications and patents Invoived E.

Chy Okemos State: M1 ZIP- 48864

Name IanC.MecLeod 7 Totalfee (37 CFR 3 41) $ 40.00
# internal Address: MeLeod & Moyne, P.C. ® Enclosed- Any excess or insufficiency should be
cradited or delxted 1o deposit account
D Authorized to ba charged to deposit account
Street Address: 2190 Commons Parkway 8 Depositaccount number
13-0610

{Altach dupiicain copy of this page If paying by deposit sccount)

9 Statermnentand signature

of the onginal document.
ian C, MeLeod
Name of Person Signing

__DONOTUSETIES SPACE
To the best of my knowledge and beliel, the foregoing information s true and correct and any attached copy ss a frve copy

Total number of pages mciuding cover sheet, atiachments and document
el docmants be be recardiod wilh regpirad covar shont Infordantion fn:

Mall 6iop Assignment Recoedislion Services
Dwvectrof the Unlied Sixdes Putent and Trademark Ofica, P.O. Box 1450, Alsaruirie, VA 22113-1450

[
L\ -

Signature

BDHB
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ASSIGNMENT

WHEREAS, we, RAMANT NARAYAN, SUNDER
BALAKRISHNAN and BOO-YOUNG SHIN, 4275 Conifer Carcle,
Okemos, Michigan 48864, 1636 Indian Way, Okemos,
Michigan 48864, and Kyoungsan 712-749, Korea,
respectively have 1nvented certain new and useful
improvements in STARCH-VEGETABLE OIL GRAFT COPOLYMERS
AND THEIR BIOFIBER COMPOSITES, AND A PROCESS FOR THEIR
MANUFACTURE for which an application for Unlited States
Letters Patent was filed on May 6, 2005  and assigned

Serial No 11/124.,49]1 , and n"“"!n;!ra
WHEREAS, Board of Trustees, utional

Corporation of MICHIGAN STATE UNIVERSITY, (herelnafter
referred to as Assignee) of East Lansing, State of
Michigan is desirous of acquiring the entire right,
title and interest in and to said ainvention and in and
to any Letters Patent that may be granted therefor in
the United States and in any and all foreign countries

NOW, THEREFORE, 1n consideration of the sum of
One Dollar ($1 00) to us in hand paid, the receipt
whereof 1s hereby acknowledged, and other wvaluable
considerations, we the said RAMANI NARAYAN, SUNDER
BALAKRISHNAN, AND BOO~-YOUNG SHIN, have so0ld, assigned
and transferred, and by these presents do sell, assign
and transfer unto said Assignee the full and exclusive
right to the said invention in the United States and its
territorial possessiona and in all foreign countries and
the entire right, title and interest in and to any and
all Letters Patent which may be granted therefor in the
United States and its territorial possessions and in any
and all foreign countries and in and to any and all
divisions, reissues, continvations and extensions

thereof
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We hereby authorize and request the Patent and
Trademark Office officilals in the United States and any
and all foreign countries to 1ssue any and all of said
Letters Patent, when granted, to said Assignee as the
Assignee of our entire right, title and interest in and
to the same for the sole use and behoof of the said
Assignee, 1ts successors and assigns

FURTHER, we agree that we will communicate to
sald Assignee or its represehtatives any facts known to
us respecting said invention, and testify in any legal
proceeding, s8ign all 1lawful papers, execute all
divisional, continuation, substitution, renewal and
rei1ssue applications, execute all necessary assignment
papers to cause any and all of said Letters Patent to be
1ssued to said Assignee, make all rightful oaths and
generally do everything possible to aid said Assignee,
1ts successors and assigns, to obtain and enforce proper
protection for said invention in the United States and

an any and all foreign countries I =
IN TESTIMONY WHEREQF, I have hereunto set my
hand this _®2 day of a  , 2005

Signed in the Presence of

I ¢ — N i
—— Ramani Narayan

STATE OF MICHIGAN

83
COUNTY OF INGHAM

on this UM gay of % , 2005,
personally appeared before me the a named Ramani

Narayan to me known and known to me to be the person
described in and who executed the foregoing instrument
and acknowledged the same to be his free act and deed 1in
and for the purposes set forth in saird instrument.

SEAL ;E! f {
Notary Pu 112

My Commission Expires I MH TAYLOR
Public Ingham County MI
MHBNWMRhnEmhw

Oct. 27 2008
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IN TESTIMONY WHEREQOF, I have hereunto set my

day of Qedrtoeq . 2005

Signed in the Presence of

hand thas ’?'3

/

STATE OF MICHIGAN
33

COUNTY OF INGHAM -

On this _2_£b day of _ OYUBEL. | 2p0s,

personally appeared before me the above named Sunder
Balakrishnan to me known and known to me to be the
person described in and who executed the foregoing
instrument and acknowledged the same to be his free act
and deed in and for the purpeses set forth in said
instrument

i

Notary
My Commission Expires

28, 20(l

IN TESTIMONY WHEREOF, I have hereunto set my
hand this _2¢/ day of ,u_7/ , 2005

Signed in the Presence of

Boo-!ééng Shan

CITY OF

S8
COUNTRY OF

On this _23TH __ day of MAY » 2005,
personally appeared before me the above named Boo-Young
Shin to me known and known to me to be the person
described in and who executed the foregoing instrument
and acknowledged the same to be his free act and deed in
and for the purposes set forth in said instrument

SEAL

Notary Public
My Commission Expires

33-2 BUMED-DONG SUSUNG-GU DAEGU, KOREA
THYS OFFICE HAS BEEN AUTHORIZED BY THE MINISTER

OF JUSTICE, THE REPUBLIC OF KOREA, TO ACT AS
NOTARY PUBLIC SINCE SEP 27TH, 1993 UNDER LAW

NO 3594
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(A48 A4)
55 206434 A 1430 3 Registered No 2005 - 1430
AF Notarial Certificate
9 T = % Boo-Young Shin
71 4| personally appeared before me
A oy | = and admutted hus (her)

229 "o A FA A A717F  subscnipton to the attached
A AYL AAsHAY
Assignment
2006 d 549 23 d9] AHrLddA
4 A5 Thus 1s hereby attested on
this 23th day of May, 2005

[ S at tl'us ofﬁce
i)
330D} YuieiEol

7B GA AT Yol F 33-2 YOUNGNAM LAW OFFICE
33-2 Bumed-dong susung-gu
DAEGU, KOREA

S

This office has been
authonzed by the Mimster of
Justice, the Repubhc of
Korea, to act as Notary
Public since

sep 27th, 1993
under Law No 3594

D=0 QLIHTHOl A8 : 743-7584,7585
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TRADUCCION AL ESPAROL del Documento de Cesibn a MICHIGAN
STATE UNIVERSITY firmado por los cedentes y el cesionano

ESTADO DE MICHIGAN

DEPARTAMENTO DE ESTADO

APOSTILLA
(Convencidn de La Haya del 5 de octubre de 1961)

1 Pals ESTADOS UNIDOS DE AMERICA

Este documento publico

2 ha sido firmado por Tammi L Taylor
3 actuando en capacidad de Notano publico de Michigan
4 lleva el sello de Tammi L Taylor

Condado de Ingham, Michigan

CERTIFICADO
5 en Lansing, Michigan 6 el 6 de julio de 2008
7 por el Secretano de Estado, Estado de Michigan
8 NO 20589wW-06
9 Sello/bmbre 10 Fima
(Firma)
Tern Lynn Land

La certficacion da testimonio de la autenticidad de la firma del funcionano
que firmé el documento anexo, la capacidad en la cual actud ese funcionario,
y donde sea apropiado, la identidad del selio o tmbre que lleva el
documento Esta certificacibn no tiene intencibn de implicar que los
contenidos del documento son comectos, ni que tienen la aprobacién del
Estado de Michigan
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MSU 4 2-726 Colombia
COPIA VERDADERA

Estando debidamente jurado, yo, MARY M MOYNE, un abogado en
McLEOD & MOYNE, P C, teniendo oficinas en 2190 Commons Parkwat,
Okemos, Michigan 48864, declaro y digo

QUE he examinado la fotocopia anexa de la cesion onginal y he
comparado la copia con el documento onginal y enconiré que el documento
anexo es una reproduccion fiel y verdadera del onginal y tiene el propésito
de ceder todo el deracho, titulo € interés en y para la solicitud colombiana de
patente No 06 042 316 trulada COPOLIMEROS INJERTADOS DE
ALMIDON-ACEITE VEGETAL Y SUS COMPUESTOS DE BIOFIBRA, Y UN
PROCESO PARA SU FABRICACION vy para cualquiera y todas las patentes
que se obtenga sobre ella a Board Of Trustees of Michigan State University

(Firma)

Mary M Moyne
Fecha Julio 8 de 2008
ESTADO DE MICHIGAN

CONDADO DE INGHAM
Este 6 de julio de 2006, la amba mencionada MARY M MOYNE

aparecid ante mi y estando debidamente jurada asevero los antenores
hechos respecto a los documentos anexos que son ciertos hasta donde sabe

y cree
(Fima)
Notano publico

[Sello] Mi comision expira Hay un sello que dice

TAMMI L TAYLOR
Notano publico, Condado de Ingham, MI
Mi comiusién expira Octubre 27 de 2008



FEBRERO 10 DE 2006

IAN C MCCLEOD

MCLEOD & MOYNE PC
2190 COMMONS PARKWAY
OKEMOS, MICHIGAN 48884

OFICINA DE MARCAS Y PATENTES DE LOS ESTADOS UNIDOS
INFORME DE GRABACION DE DOCUMENTO DE CESION

EL DOCUMENTO ADJUNTO HA SIDO GRABADO POR LA DIVISION DE CESIONES DE
LA OFICINA DE MARCAS Y PATENTES DE LOS ESTADOS UNIDOS HAY DISPONIBLE
UNA COPIA COMPLETA EN MICROFILME EN EL CUARTE DE BUSQUEDA DE
CESIONES EN EL NUMERO DE ROLLO Y CUADRO REFERENCIADOS ABAJO

POR FAVOR REVISE TODA LA INFORMACION CONTENIDA EN ESTE INFORME LA
INFORMACION CONTENIDA EN ESTE INFORME DE GRABACION REFLEJA LOS DATOS
PRESENTES EN EL SISTEMA DE ASIGNACION DE PATENTES Y MARCAS SI USTED
ENCUENTRA CUALQUIER ERROR O TIENE PREGUNTAS CONCERNIENTES A ESTE
INFORME PUEDE CONTACTAR AL EMPLEADO CUYO NOMBRE APARECE EN ESTE
INFORME AL 703-308-8723 POR FAVOR ENVIE LA SOLICITUD DE CORRECCION A
OFICINA DE MARCAS Y PATENTES DE LOS ESTADOS UNIDOS, DIVISION DE
CESIONES, ASIGNACION DE CASILLAS, CG-4, 1213 JEFFERSON DAVIS HWY, SUITE
320, WASHINGTON, D C 20231

FECHA DE GRABACION 10/26/2005 ROLLO/CUADRO 017152/0430
NUMEROQ DE PAGINAS 5

RESUMEN CESION DE INTERES DEL CEDENTE (VER DOCUMENTO PARA
DETALLES)

CEDENTE
NARAYAN RAMANI FECHA DE DOC 05/08/2005

CEDENTE
BALAKRISHNAN, SUNDER FECHA DE DOC 10/23/2005

CEDENTE
SHIN, BOO-YOUNG FECHA DE DOC 058/25/2005

CESIONARIO
BOARD OF TRUSTEES OF MICHIGAN
STATE UNIVERSITY
238 ADMINISTRATION BULILDING
MICHIGAN STATE UNIVERSITY
EAST LANSIG, MICHIGAN 48824



017152/0430

NUMERQ DE SERIE 11124481 FECHA DE PRESENTACION 05/08/2005
NUMERO DE PATENTE FECHA DE EMISION

TITULO COPOLIMEROS INJERTADOS DE ALMIDON-ACEITE VEGETAL Y SUS
COMPUESTOS DE BIOFIBRA, Y UN PROCESO PARA SU FABRICACION

ALISTON PURNELL EXAMINADOR
DIVISION DE CESIONES

OFICINA DE REGISTROS PUBLICOS
’
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FORMULARIO PTO-1585 PORTADA DEL FORMULARIO DE Departamanto de
{Rev 8-93) REGISTRO Comercio de los Estados
OMB No 0851-0011 (exp. 4/84) 700026737 Undos

TUCOSS ‘PSP) Oficine de Marcas y

SOLO PATENTES

Paientss
Al Honorable Comisionado de Marcas y Patentes por favor registre los documentos origmales adjuntos o coplas
de loa miamos

1 Nombre da Ia(s) parie(s) cedenta(s)
Ramani Narayan

2 Nombre y direcadn de la(s) parte(s) que
recibe{n)

Sunder Balakrishan Nombre _Hoard of Trusteos of Michigan
State University

Boo-Young Shin = e

So adjunta(n) numlm(l) adicional{es) de lna(s) parte(s)

cedente(s) O SI B

3 Naturaleza del Iraapaso

E Cesitn C Fusién D'I;wdbn Mmlmm.%u%d.m_.
_MICHIGAN STATE UNIVERSITY

O Acuerdo do Seguridsd LT Camblo de |  Ciudad Epef Lansing Estado M| ZIP 48824

O Oto

Fecha de Ejecucion R NaryananS/16/2005 §
Balekrishnan 10/23/2005 B Shin 523/05

¢Se adjunta(n) nombre(s) y direccitn(es)
adiconal(es)? L[] Sl B No

4 NUmero(s) de Soliciud o nimero(s) de Patenta

Sl aste documento esti slendo entregado junto con una nueva soliciiud la fecha de sjecucidn de Ia soficitud

A Solicitud{es) de Patermte No(s)
111124 481

B No(s) de Patente

. Se adjunian nimercs sdicionales? 00 S| B No

5 Nombre y direccién de la parte a quien sa s
debe enviar la comespondenca da los
documentos concemientes

Nombre _________ lanC.Mcleod

Direccion Intema _Mcleod & Movne. PC,

Direcatn
Cwudad Okemos Estado Ml ZIP _48804

NO USAR ESTE ESPACIO

9 Declaracién y fima

6 Nimero ftotal ds solicitudes y patentes

involucradas 1 _
$_40

7 Tarlfa Tolal (37 CFR 3.41)

B  Adjunts

O Autorizacién para ser cargeda 8 una
cuenia de depdsito y cualquler otra lanfa
adicsonal requerida

8 NGmero de cuenta depdelio
130610

(Anmar copla por duplicado de esta pégine al se
L cuenta de

Hasta donde se y creo la informacion antarior es vemaz y correcta y cualquier copia adjunia es una

copia veraz del documento original
lan C, Mcleod (Fuma) 10282008
Nombre del suscrito Firma Facha

O Cartificado de envio por el reverso

Nimero total de pdginas Incluyendo la portada anexos y documentos 5
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FORMULARIO PTO-1885 PORTADA DEL FORMULARIO DE Deparlamento de
(Rev 8-83) REGISTRO Comarcio de los Estados
OMB No 0851-0011 {exp 4/54) 7000268737 grﬁ:u o Ma

rcas
TUOOGS (PSF) SOLO PATENTES Patantes d

Al Honorable Comisionado de Marcas y Patentss por favor negisine los documentos originaies adjuntos o copiss
de los miamos

10 Nombre de la(s) parte(s) codente(s)
Ramani Narayan

Sunder Balakrishan

Boo-Young Shin

Se adjunta{n) nombre(s) adicionsi{es) de Ia(s) parta{s)
cederia(s) O Sl B No

11 Nombre y direccién de la(s) parte(s) que
reclbe{n)
Nombre _Board of Trusices of Michigan

State Universlty
Direcaidn intema

12 Naturalaza del traspaso

B Cesitn C Fuslén

O Acuerdo de Seguridad L Camblo de
Nombre

O Owo

Fecha de Ejecucibn R Naryanan5/16/2005 S
Balakrishnan 10/23/2005 B Shin 5/23/05

Direccldn 238 Adminisiration Bulldoing
_MICHIGAN STATE UNIVERSITY _____
Cluded Easi Lansing Estedo M| ZIP 40824

4Se adjunta(n) nombre{s) y direccdn{es)
adicionsi(es)? 0O S| B No

13 Namero(s) de Solicitud o nimero(s) de Patente

Sl este documnento estd slendo entregado junto con una nueva solictiud a facha de sjecucién de la soliciud

C Soliatud({es) de Patenia No(s)
11124 41

D No(s) de Petente

L 5o adjuntan ndmeros adcionales? 0 SI B No

14 Nombre y direccidn de la parte a quen se le
debe ermviar la comespondencia de los
documentos concemnlentes

Nombre lan C. Mcleod

Direccion Intema Mcleod & Movne, PC

Direccdion
Cluded Qkemos Estado M| ZIP _48884

15 NOmero tolal de solictudes y patentes

involucradas 1
$_40

16 Tarifa Total (37 CFR 3.41)

B  Adunia

O Aulorizacdn para ser cargada a una
cuenta de depdsito y cualquier otra tarifa

adiclonal requerida
17 Numero de cuenta depéslito
130010

{Anexar copia por dupficado de esta pagins sl se
page por cuenta de depdaito)

NO USAR ESTE ESPACIO

18 Declaracidn y firma

Hasta donde se y creo la informacion anterior es veraz y comecta y cualquier copia adjunta es una

copla veraz del documento original

1

lan C, Mcleod
Nombre del suscriio

Firma

Fecha

[ Certificado de envio por el reverso

Ndmero total de paginas incluyendo la portada anexos y documentos 5
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CESION

CONSIDERANDO QUE, nosotros, RAMANI NARAYAN, SUNDER
BALAKRISHAN y BOO-YOUNG SHIN, 4275 Conifer Chicle, Okemos,
Michigan 48864, 1636 Indian Way, Okemos, Michigan 48884, y Kyoungsan
712-749, Corea, respectivamente hemos inventado ciertas mejoras nuevas y
ubles en COPOLIMEROS INJERTADIS DE ALMIDON-ACEITE VEGETAL Y
SUS COMPUESTOS DE BIOFRIBRA, Y UN PORCESO PARA SU
FABRICACION para las cuales se presentd solictud de patente de Estados
Unidos el 8 de mayo de 2005 y se le asigné el numero de sene 11/124.491, y

CONSIDERANDO QUE, Board of Trustees, una Corporacion
Constitucional de MICHIGAN STATE UNIVERSITY, ( en adelante refereida
como el Cesionano) de East Lansing, Estado de Michigan esta deseosa de

adquirir la totalidad del derecho titulo e interés en y para dicha invencién y en
y para todas las patentes que le puedan ser concedidas en Estados Unidos y
en cualquiera y todos los palses extranjeros

AHORA, POR LO TANTO, en consideracion de la suma de un délar
($1 00) que se nos pagd en la mano, el recibo del cual es reconocido aqul, y
otras consideraciones valiogsas, nosotros los dichos RAMANI NARAYAN,
SUNDER BALAKRISHAN y BOO-YOUNG SHIN, hemos vendido, cedido y
transfendo, y por la presente vendemos, cedemos y transfenmos a dicho
Cesionano el derecho total y exclusivo a dicha invencién en Estados Unidos
y sus posesiones temtoriales y en todos los palses extranjeros y la totalidad
del derecho, titulo e interés en y para cualquier y todas las patentes que sean
concedidas a la misma en Estados Unidos y sus posesiones terrtonales y en
cualquiera y todos los palses extranjeros y en y para cualquiera y todas las
divisiones, reemisiones, continuaciones y extensiones de la misma
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Por la presente autonzamos y solictamos a los funcionanos de la
oficina de marcas y patentes en Estados Unidos y en cualquiera y todos los
paises extranjeros a emitir cualquiera y todas las dichas patentes, cuando se
concedan, a dicho cesionano como el cesionano de la totalidad de nuestro
derecho, titulo e interés en y para la misma para el uso y disfrute dnico de
dicho cesionario, sus sucesores o cesionanocs

ADEMAS, acordamos que comunicaremos a dicho cesionano o sus
representantes cualquier hecho conocido por nosotros respecto a dicha
invencidn, y testficaremos en cualquier proceso legal, fiimaremos cualquier
documento legal, ejecutaremos todas solicitudes de division, continuacion,
sustitucidn y reemision, ejecutaremos todos los documentos de cesion para
ocasionar que cualquiera y todas las dichas patentes sean emitidas al
cesionano, haremos todos los juramentos debidos y generalmente haremos
todo lo posible para ayudar a dicho cesionano, sus sucesores o cesionanos,
a obtener y ejercer la proteccién apropiada para dicha invencion en Estados
Unidos y cualquiera y todos los palses extranjeros

EN TESTIMONIO DE LO CUAL, he puesto mi firma al presente este
6° dia de mayo de 2005
Fimado en presencia de

(Firma) {Firma)
Ramani Narayan

ESTADO DE MICHIGAN
88
CONDADO DE INGHAM

En este 6° dia de mayo de 2005, personaimente aparecié ante mi el
amba nombrado Ramani Narayan a quien conozco y reconozco como la
persona descrnta en y quien ejecutd el anterior instrumento y lo reconocié
como su acto libre y titulo en y para los propésitos establecidos en dicho
instrumento

Sello (Fima}
Notario publico
Mi comisidn expira TAMMI L TAYLOR
Notano publico, Condado de Ingham, Mi
Mi comision expira Oct 27 de 2008
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EN TESTIMONIO DE LO CUAL, he puesto mi fima al presente este
23*" dia de octubre de 2005
Firmado en presencia de

{Firma) (Fima)
Sunder Balaknshnan

ESTADO DE MICHIGAN
S8
CONDADO DE INGHAM

En este 23* dia de octubre de 2005, personaimente aparecié ante mi
el amba nombrado Sunder Balaknshnan a quien conozco y reconozco como
la persona descrta en y quien ejecutd el antenor instrumento y lo reconocié
como su acto libre y titulo en y para los propésitos establecidos en dicho
instrumento

Sello (Fima)
Notano publico
M comisién expira Nov 29 de 2011

DARCIE L RAYNOR

NOTARIO PUBLICO - ESTADO DE MICHIGAN
CONDADO DE INGHAM

Mi comisidn expira Nov 29 de 2011

Actuando en el condado de Ingham

EN TESTIMONIO DE LO CUAL, he puesto mi firma al presente este
23" dia de mayo de 2005
Firmado en presencia de

(Fima) (Firma}
Boo-Young Shin

CIUDAD
1
PAIS

En este 23* dia de mayo de 2005, personalmente aparecié ante mi el
amba nombrado Boo-Young Shin a quien conozco y reconozco como la
persona descrnita en y quien ejecutd el antenor instrumento y lo reconocid
como su acto libre y titulo en y para los propdsitos establecidos en dicho
instrumento

Sello (Fima)
Notano publico
Mi comision expira

YOUNGMAN LAW OFFICE

33-2 BUMED-DOMG SUSUNG-GU DAEGU, COREA

ESTE OFICINA HA SIDO AUTORIZADA POR EL MINISTRO

DE JUSTICIA, LA REPUBLICA DE COREA, PARA ACTUAR COMO
NOTARIO PUBLICO DESDE SEPT 27 DE 1893, BAJO LA LEY NO 3584
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Registro No 2005 — 1430
Certificado Notanal

Boo-Young Shin

aparecié personalmente ante mi
y admitid su

suscnpcién al anexo

Cesion

Esto se certifica este
23* dia de mayo de 2005
en esta oficina

YOUNGNBAM LAW OFFICE
33-2 Bumed-dong susung-gu
DAEGU, COREA

(Firma)

Esta oficina ha sido

autonzada por el Ministeno de
Justicia, Republica de

Corea, para actuar como notario
publico desde

Sept 27 de 1993
BAJO LA LEY No 3584
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TRADUCCION DEL INGLES AL ESPANOL de la Publicacion de la Solicitud de
Patente de los Estados Unidos de Aménca No 11/124,491 relacionada con

COPOLIMEROS INJERTADOS DE ACEITE VEGETAL - ALMIDON Y SUS
COMPUESTOS DE BIOFIBRA, Y UN PROCESO PARA SU FABRICACION

ANEXOS La Publicacion de la Solictud de Patente de los Estados Unidos No
11/124,491 amba mencionada y Certificacion del Comisionado de Patentes y
Marcas de los Estados Unidos

LOS ESTADOS UNIDOS DE AMERICA
A TODO AQUEL A QUIEN PUEDA LLEGARLE LO PRESENTE

DEPARTAMENTO DE COMERCIO DE ESTADOS UNIDOS
Oficina de Marcas y Patentes de Estados Unidos

Junio 23 de 2006

ESTE ES PARA CERTIFICAR QUE ANEXO A LA PRESENTE HAY UNA COPIA
VREDADERA DE LOS ARCHIVOS DE LA OFICINA DE MARCAS Y PATENTES
DE ESTADOS UNIDOS DE AQUELLOS DOCUMENTOS DE LA SOLICITUD DE
PATENTE IDENTIFICADA DEBAJO QUE CUMPLE LOS REQUERIMIENTOS
PARA QUE SE LE CONCEDA UNA FECHA DE PRESENTACION BAJO EL 35
USC 111

Numero de publicacion de solicitud de patente 11/124,491
Fecha de publicacion Mayo 08 de 2005

EL CODIGO DEL PAIS Y NUMERO DE SU SOLICITUD DE PRIORIDAD, A SER
UTILIZADO PARA PRESENTACIONES EN EL EXTRANJERO BAJO LA
CONVENCION DE PARIS, ES US11/124,491

Por autoridad del
Subsecretano de Comercio para Propiedad Intelectual
y Director de la Oficina de Marcas y Patentes de Estados Unidos

(Fima)
L EDELEN
Funcionano que certffica
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1 Una composicion de copolimero biodegradable de almidén-acerte

NOSOTROS REIVINDICAMOS

vegetal la cual es una mezcla combinada reactivamente que comprende un
almidén granular, un aceite vegetal o derivado del mismo que comprende un
modificador reactivo con el almidén, y un plastificante hidroxilado

2 La composicion de la reivindicacién 1 en donde el almodén granulado
se selecciona del grupc que consiste de almiddon de malz, almidoén de papa,
almidén de tapioca, aimidén de arroz, almidén de tngo, aimidén de casave y
almidén de malz con lato contenido de amilasa

3 La composicion de la remndicacién 1 en donde el aimidén en la
mezcla es 5% a 90% en peso

4 La composicion de la remindicacion 1, en donde el almidon tiene un
contenido de humedad de alrededor de 0 5% a 15% en peso del almidén

5 La composicién de la revindicacién 1 en donde el almidon esta en
forma pulvenzada

6 La composicién de | revindicacién 1 en donde el almidén es
modificado quimicamente con un modificador

7 La composicién de la reivindicacién 1 en donde el aceite vegetal es
un denvado el cual es epoxilado, hidroxilado ¢ maleatado

8 La composiciéon de la reivindicacidon 1 en donde el aceite vegetal se
selecciona del grupo que consiste de acerte de maiz, acerte de soya, aceite de
soya maleatado y acerte de soya epoxilado y mezclas de estos

9 La composicién de la remndicacién 1 en donde el acerte vegetal es
1% a 10% en peso de la composicién
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10  La composicién de la reivindicacion 1 en donde el plastificante es un
alcohol polihidnco en una cantidad entre 10 y 40 % en peso del total de la
composicion

11 La composicion de la reivindicaci6n 1 en donde se proporciona un
iniciador de peréxido de radicales libres en la mezcla

12 La composicion de la reivindicacibn 11 en donde el niciador de
radicales libres es 2,5-Bis(tert-butiiperoxi)-2,5-dimetilhexano (LUPEROX 101)

13  La composicion de la revindicacién 11 en donde se proporciona un
iiciador de perdxido de radicales libres en la mezcla en una cantidad de entre
alrededor de 0 01 a 3% en peso del peso total de la composicion

14 La composicién de la reivindicacidn 1 que comprende ademas fibra

15 La composicion de la reivindicacion 14 en donde la fibra se
selecciona del grupo que consiste de algodén, madera, lino, dbaca, ramio,
cafiamo, y bagazo

16  La composicién de la reivindicacién 15 en donde la fibra tiene una
proporcidn de aspecto de al menos alrededor de 10 1

17 La composicion de al rewindicacion 12 en donde la fibra esta
presente en una cantidad entre alrededor de 3% a 80% en peso de la
composicion

18  La composicién de la reivindicacion 1 que comprende el modificador
ol cual se selecciona del grupo que consiste de &cido ciclico o dibasico y
anhidndos del mismo

19 La composicidn de la reivindicacidn 18 en donde el modificador esta
presente en la composicidn en una cantidad desde alrededor de 0 1 a alrededor
de 10% en peso del almiddn

20 La composicion de la reivindicacibn 1 que comprende ademas un
poliéster biodegradable seleccionado del grupo que consiste de
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poli{carbolactona)(PCL), poli(vinilacetato ~ co — vinil alcohol) (PVAc/NVA), poli(acido

lactico) o polildctido (PLA), poli)acido glicélico) o poliglicéiido (PGA), poli(beta
hidroxialcanoatos) (PHA), y copoliésteres alfaticos aromaticos

21 La composicibn de la rewvindicacibn 20 en donde el poliéster
biodegradable es 1% a 60% en peso de la composicion

22  Un proceso para producir una composicién de copolimero de almidén
y acerte vegetal biodegradable el cual comprende
(a) combinar reactivamente una mezcla de un almidén granular,
un acerte vegetal o un denvado del mismo que comprende un modifficador reactivo
con el almiddn, y un plastificante en un reactor, y
(b) remover la composicibn del reactor para producr la
composicion

23  El proceso de la reivindicacidn 22 en donde el reactor es un extrusor

24 El proceso de la reivindicacién 22 en donde el denvado de acerte
vegetal es un aceite vegetal maleatado

25 El proceso de la revindicacibn 22 en donde la mezcla comprende
ademas una fibra

28 El proceso de la reivindicacidn 22 en donde el plastificante es un
alcohol polihidnco
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V0 AL TO WHOM THESE; PRESENS) SEHAKT, QO
UNITED STATES DEPARTMENT OF COMMERCE

United States Patent and Trademark Office

June 23, 2006

THIS IS TO CERTIFY THAT ANNEXED HERETO IS A TRUE COPY FROM
THE RECORDS OF THE UNITED STATES PATENT AND TRADEMARK
OFFICE OF THOSE PAPERS OF THE BELOW IDENTIFIED PATENT
APPLICATION THAT MET THE REQUIREMENTS TO BE GRANTED A
FILING DATE UNDER 35 USC 111

APPLICATION NUMBER 11/124,491
FILING DATE May 06, 2005

THE COUNTRY CODE AND NUMBER OF YOUR PRIORITY
APPLICATION, TO BE USED FOR FILING ABROAD UNDER THE PARIS
CONVENTION, IS US11/124,491

By Authority of the

Under Secretary of Commerce for Intellectual Property
and Director of the United States Patent and Trademark Office

Z  Elel

L. EDELEN
Certifying Officer
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Practitioner’s Docket No, _MSU 4.1-726 :§=
=)
Preliminary Ctassificstion. ?":
Proposad Class. ‘gv-
Subclass - BEA

NOTE: “All applicanta are requesind to inchude 8 preiininary cleseificelion on newly Bed paiant
appictions. The prefiminery clasaifiostion, prefersbly cises snd mibciss desipnetions, should be
idarstiierf in the upper right-hand comer of the lelier of tanamitiel sccampanying the spplication
papers, - for axample ‘Fropossd Class 2, subciess 188, " MP.EP § 801 8th ed

0Ld3N %)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Cornmissloner for Patents
P.O. Box 1480
Alexandvia VA 22313-1400

NEW APPLICATION TRANSMITTAL

Tranamittad herewith for fliing is the patent spplication of
inventor(s): Ramani Narayan, Sunder Balakrishnan and Boo~Young SBhin
WARNWG: 37 C.F.R § 1.418(1) points out:
W) A patent b appiisd for in the reme or nurws of thy achul iwenior or Swentora.

“Y7) The inventaorship of & nanprevisiornl appiicalion ks that inventarship ast forth in the osth or

declaration as prescribed by § 1 63, except as provided for in § 1.53k0() and § 1 63, ¥ an

osth or daclwrstion es prescribed by § 1.83 i not fied dizing e perdiency of a nonprovisionl

spplication, the iventorship is thet inventorship set forth In the sppiication pepers ed pursuant

o § 1.55%), uniass & petition under this paragraph scoompenind by the fes sot foarth in § 1 179

i Bad supphing or chenging the nemiy or names of the lwventor or inventors.” For (itle).
STARCH-VEGETABLE OIL GRAFT COPOLYMERS AND THEIR BIOFIBER COMPOSITES,
AND A PROCESS FOR THEIR MANUFACTURE

IDOPRESS MAILING UNDER 37 CFAR. § 1.10*

| hareby oertily thet thin peper along with doourmnt referred 10, s being depasited with the United Gtstes
Postal Bervics on this date _MAY 6, -1 i an envelops addresasd 1o the Commissionar
for Patents, P.O. Box 1 “gh.uauuao-ﬁ-mmuhummm
No.

Tammi L. Taylor

or print name of pamon mailing paper)
w
Signature of parsan

WARNING: Cartificate of maling (lint ciass) or faceimils tremarnission procediusws of 37 C.F.R. 1 8 cannot by
uasd to obisin a dute of meling or Garsmission for this comespandence.

‘WARNING: Each paper or fes lied by "Express Mall” must have the number of ihe “Express AMall” meiling laiel
placed iherson prior o meling. 37 C.FR 1 108).
“Since the ling of correspondence under § 1 10 without the Express Mall malling label therson
ia an ovenigiht that can be avoided by the sxeroise of mesanable cars, requests for walver of tihls
mdument will not be granted on petitan.” Notice of Oct. 24, 18508, 80 Fed. Reg. 58,438, at 58,442

Now Appliontion Traywmitisl {4-1]—page 1 of 18§

Best Available COpY _

ﬁymwmhmﬂnﬁlwmmmm



1 Type of Application
This new spplication is for afn}

(check ane appiicable Nem below)

A Original (nonprovisional)
O Design
0O Plant

WARMING: De et une this runemitial for & compistion in the LLA. of an internstional Appiication under 35
URC § 3771804 uninse ihe intarmatiornl Appsication b baing Bed as 8 diveionsl, continustion
or contiramtion-in-part applicagion.

WARMNVE Do net use this tammitiel for $w Sing of s provisiansl applicelion.

NOTE: ¥ one of ihe fallowing 3 arme spply, $an camplets and attach ADDED PAGES FOR NEW APPLICATION
YRANBMITTAL WHERE BENERT OF A PRIOR UL.8. APPLICATION CLAMED and a NOTIFFICATION
IN PARENT APPLICATION OF THE FILING OF THIB CONTINUATION APPLICATION.

3 DMsional
0 Coninusation

D Cominuation-in-pest (C-P)
2. Benefit of Prior U.S. Appiication(s) (35 U.S.C. 8§ 11a(e), 120, or 121)

NOTE: “A nanproviviorsl spplication or inlernational sppiication dusignating the United Gisies of Amarics mey
cisim an Invantion disciosnd in ane or more prior-fied copending nonprovisional applicetions or
intewrndionsd spplications desigruling the Unfiad Siaios of Ameniaa. in order for an spniicetion to claim
the benefi! of a prior-fed copsnding nonprovisions! sppiication or inteyrationsd sppiication designating
hwhdm-tnbu#lmm-mlﬂﬁmﬂﬂﬂm
named i the leler-fled application and discioss the nermed invantor'y invention claimed in st st one
claim of he igtar-ied application v e mamner providad by the et paragreph of 35 LAC. 112 in
ackiiion, ssch prior-Sod spplicstion rust bec

£ An inarrational appiicetion sraitied to a fing date in sccordence with PCT Article 17 ol
dasignaling w Uniled Sisteu of Areerica, or

A Compisie a3 set forth fn § 1510, or

0 Enthied (o » Mg date an sat forth in § 1.550) or § 1.63¢) and Include the basic fling fes set
fothh § 11& or

v} Sntitiec! o a filng dale a8 set krth in § 1.538y and have paid therain the procassing and retention
Jon 3¢ forth in § 1.21 within the Nme period sst forth in § 1,550,

37 CFR § 1 7)1}

WARNNG: ¥ an appiication claive the heradll of e Eing dete of an asvller Slad sppiicalion under 35 ULA.C
45 10, 117 or 30if), the 10-yeur tarm of thet spplication wil be bessd upan the fiing dele of
e ewrfvst U8 appication thet Y sppiication mples refarencs o under 38 LULA.C. §§ 120, 121
ar JL). 55 US.C. § 1566iT) doss not tale info sccours, &r the dstermination of W pelent
S, any applicstion on which priofly is ciaimed under 38 UB.C. §§ 118, 365f) or 398{h)) For
a o-j-p applicetion, spplicars shoidd review wiheiher any cisim in the patert thet will lssus s
aupportad by an esrlier spplication and, ¥ not, the sppiicant sixuli consider canceling the rseference
i the ewiler iad application. The torm of a patent b net based on a chaim-by-clsim spprosch.
Sew Notice of Aprll 14, 1903, B0 Fad. Reg. 20,185, at BO.308.

New Appication Tranemiitel [4-1]—page 2 of 15

Copy provided by USPTO from the IFW image Daiabase on 08/ 1672000



WARNING: 37 CF.R § 1 70(a):3 clasis with Whe limw in which the claim for the banefR of an fing cinte
must be made and statsa,

Vo) Encept for a contimued prosscution appiicetion Wad under § 1 53], any nonprovisions!

copending nonprovisional
dssignating the Linted States of Amarics must cantein or be amanded (o conisln a refarence o sach
such prior-fied spplication, idantiiying R by spplication unber fcorslsting of the serise cous and
savial munber} or internstionsl appiication nurnber ard iisrmmiionsl ing date and indicating the
ruinfionship of the appiicstions. Cross mvierences o other relsted spplicaliors may be maede when
appropriste (ees § 1 14).

(1) Thin reference must be submitied ciring the pendency of the ister-lled appiicetion. ¥ ihe
later-fled sppiication is an appiicetion led under 35 LB.C. 111(). this riference musi siso be
submitied! within the iuisr of four maonthe fram the acaml fing date of the inter-Slad application
or sixiesn montis fom the fiing defe of the pHor-Sed spplicetion. If the ter-Rled agplication is
& nonprovisions! spplication wiich sntered the nationsl stage from an ivismationsl application alsr
complance with 35 ULS.C. 371, this misrence rmuat sho be submitied within the inter of four manthe
from the dede on which the nelisnal stage cormmmnced undar 33 LLA.C. 37Ty or (i) in tha later-ed
interrslionsl spyplicalion or alxiesn monihe fom the ling date of the prfor-Sled application. Thege
time parinds are ot sxtercisbie. Excapt se provicied iy paregraph (%) of this section, the felkre
o tmely submit the reference required by 35 U.S.C. 120 and pemgreph MDD of thia seotion b
cornivierall 8 walver of any benafl undar 36 U.8.C. 120, 121, ar 3084 to such prior-fled application.
The time pericds in thia peragreph do not apply I the inter-flisd spplicetion s

A} An appiication for a desigh petent:
&) An application ed under 35 U.S.C. 111} bafore Novemnber 18, 2000; or

{3 A nonprevisional sppiicetion which eniered the nalfonsl stage after compliasnce with 38 UA.C.
371 fom an inkimational spplicetion Sied under 33 UR.C. 383 before November £8, 2000,

) ¥ the ieter-ed spplication b & nonprovisionsl the redersnce reguired by this
parsgpaph rrast be included in an dais sheet (§ T 78], or e speciicalion must conidn
or be amended o canisin such in the it ssvierce tllowing the tith.

#) The request for a contimumad prossculion spplication under § 1,534 k ¥w specific mference
required by 33 UG.C. 120 v the prior-led appiication. The ident¥ioation of an spplication by
appiication rumber urder this section is the identification of every shpication assigned thet sppliontion
number necessiry for a specific referance required by 35 U.B.C. 120 to svery such appiication
assigned thet appiicatioh number *

NOTE: ¥ the naw appiication being tranamitied is a divisional, contirmmtion or a condinustion-in-part of & parent
case, or whare the parent case b an inlsmational Appiication which. designeted the UE., or beneilt
of & priar provisionsl sppiication ia cleimed, then chwaok the following Rem and compiste and stech
ADDED PAGES FOR NEW APPLICATION TRANBMITTAL WHERE BENEFIT OF PRIOR LLE. APPLICA-

0 The naw application being tranamitind claims the benefit of prior U.S. applica-
tion{s) Enclosed are ADDED PAGES FOR NEW APPLICATION TRANSMITTAL
WHERE BENEFIT OF PRIOR U.8. APPLICATION(S) CLAIMED

3. Papars Enciosed
A. Required for filing date under 37 CFR. § 1 53(b) (Reguias) or 37 CFR § 1153
(Deaign) Application

_.ﬂm-ofwm
——4 Pages of claims
——3 Sheets of drawing

WARMING: DO NOT submit originel drewings. A high qumilily copy of the drawings should be slipplied winn
fiing & paterst sppiication. The drawings that are submiited (o the Offfice mst be on strong, whils,
smooth, and non-shiny paper and mast the standards according v § 1.84. I comections to the
drawings are necessary, they shauld be medie (o the criginal dwwing and a high-quailly copy of
the comected original drawing Ban submitted fo the Ofica. Only ene copy b recuind or desired.
Far commants on propossd then-new 37 C.F.R. § 184, sss Nolice of March 8, 1588 (1880 0.Q,
57-88).

Now Appiinstion Trenemitel [4-1]—page 3 of 18)
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shest and centered within the top mangin.”
tcompleta the fallowing, If applicabla)

00 The enclosed drawing(a) are photographis).
NOTE: 37 CFR. 1.84

ayuiniine

arnampriisl offects, are acoepiable. ¥ the subject metter of the spplicalion sdmite of Biatration
by a drawing. the examiner may require a dawing in place of the photograph. The photogrepim
mut be of suficient cumiily sq that ull detalls in the photographe are mproducile in the printed
pelert.

12 Coior phaingrepha. Colar pholograpie will be accepted in wiiy snd design pelent spplicetions
N the cavxitiona for sccepting colar crewings and biack and white photographs have bean saticfied.
Gae peragraple (W2} erxd f3jf1) of e section.”

0 The enciosed drawing(s) are in color Three (3) seis of color drawings and a
“PETITION TO ACCEPT COLOR DRAWING(S)" are attached 37 CFR

85 1 84(a)2) and} 1.84()
NOTE 37 G.FA 1.844)

¥ Color On e cocasions, color drawings mey be necessary as the only practical medken by which
29 disclose the suljact matier sougitt io be palepied b 8 utiRy or deaign paterst sppiiaation or the
subyect matier of & staluicry inyention registation. The color dewings must be of sufliclent qualy
buch that alf detalls in the dewings are reproducitie in biack and wiiis in tha printed patent. Color
mnMWhWMhMM 11 1%, ar in an appiicajion,
or copy awol, subwitted wxder the Oftce siectronic Siing sysiam. The Office will socept color
drawinge in ulilly or glesign patertt applications and statutory ivvention mgisirelions anly after grenting
& patition fed under this pargraph expleining why the color drawings are necassery. Ay such petition

must inchale the following:
O Thefssstiorthing 1178,
) Three £9 sets of color dawingx;

(% A bisck and whils photecopy that sccurstely depicts, e the extant posaibis, the subject matter
shown i the color drawing, and

#} An amandmunt to the specilication to inswrt friess the speciication aontaing or hae been
previonly smanciad to contaly $w following ingaage s he Ent peyagraph of the brisf
description of the dwwings

The patent or sppiication s containg st isast one drawing exscuted in colar Copilss of this petent
or paant spplicadion publicetion with color dewingly will be provided by the Ofice upon regest
and payment of the rmosssary lee.”

0O formal
B informal
B. Other Papers Enclosad
—34 _ Pages of deciaration and power of attomey
—21_Pages of abstract
— Other

{Now Appiiostion Transmiltel [4-1}—page 4 of 15
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4, Additional papers enciosed
O Amendment to claims

O Cancel In this applications olaims before
calculating the fiing fee (At least one original independent clalm must be
retained for filing purposes.)

O Add the claims shown on the sttached amendment. (Claims added have
been numbered consacutively following the highest humbered original
claima.)

O Prefiminary Amendment
O mformation Disclosure Statement (37 CFR. § 1.88)

37 CF.R § 197 &) An inforrmation disciosure sisternart siwll be conaidared by the Ofiice ¥ fied by
the applicant within any one of the following tine pariode.
1) Within three montin of the ling deis of 8 national spplicetion othar than a continusd prosscution
application undar § 1.53§D,
{2 Within three months of the dde of entry of the nationsl siage se sei forth in § 1.491 bhan
inleynationsl appiication;
% Befors the maliing of a st Ofice action on the meris, or

WARNING: in order to snsure considerstion of information previously submitted but which has nat been

oogao

o0 0O

corsidered in the parent appiication, en applicant must resubmit the indormation, complyirg with
STCGFR § 1.97end 3T C.F.A § 100, in the coniirniing application fled urer 37 C.F.R § 1.550).
See § 00DG), MP.EP., Tth Edition, Rev 1

Form PTO-1448 (PTO/SB/0BA and 088)

Citations

Declaration of Biological Deposit

Submission of "Sequence Listing,” computer readable copy ani/or amendmant
pertaining thereto for blotechnology invention containing nuclectide and/or
amino acki sequence.
gmawmwmmwmmmm
Special Comments

Other

8. Decdlaration or cath (including power of stiomey)

NOTE

A newly axeculsd declarstion is not required 1 a continustion or divislonsl! spplication provided thet
the prior nonprovisiorsl application conisined s declaration as required, the applicetion being fled s
by aff or fewer than afl thw lnventors named in the prior sppiicstion, there is no mw matter in the
sppliostion being fied, end a copy of the ssscytad decierstion fSied in the prior appiication fhowing
' signetaw ar an indication thereon that X was signed) ls submitisd. The copy munt be sccompanied
by u sistemert recaresting deletion of the names of parsonfs) who are not inventors of the application
baing Ned, If the deciarstion in the prior appiication -aws fled under § 1 €7 then a copy of that
declerafion must be Sied accompanied by a capy of the decision graniing § 1.47 stabus or, ¥ a noraigning
pemon under § 1.47 has subsequanily joined in a prior spplication, than & copy of the subsequenitly
ssaid declaretion must be Sed See 37 CFR §§ 1 G319

A devierstion fled o compiete sn spplidetion rmut be sxscuted, identlly the spealiiostion o which R
Is divevinel, idertily ench imverrtor by Adl rame inchsiiing famally name and at issst one given namm, without
shivevistion together with any cifwr glvan tame or inillal, and the residenca, post office address and
countyy or cizership of sach invenior, and siste whether the inventor is a sols or joint Inventor 37
CG.F.R. § 1 5341)-{4).

*The imantorship of a nonprovisionsl sppication ks that irvveniorship et forth in the oath or declarstion
as preacribed by § 1 G2, axcapt as provided for in § 1.53¢0{Q and § 1.6 i an ceth or declareiion
an prescribed by § 1 63 b not fiad diring the pendency of & norprovisional applioation, e inveniorship
in that ivventorstip sat forth in the spplication papers fiad purewsnt to § 1.5, uniess a petition under
this paragmph sccompanied by the fee sst lorth in § 1 17§} bs fiad supplying or changing the neme
or rarmee of the invenior or inersion.” 37 C.F.R § 1.414)1)

(Now Applioation Tranemittel [4-1]—page 8 of 18)
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& Enciosed
Executed by

{check all appiicabls boxes)

A khwventor(s) (Ramani Narayan)
00 lega! reprasentative of inventor(e). 37 C.FR. §§ 142 or 143,

0 joint inventor or person showing a propristary interest on behalf of invantor
who refused to sign or cannot be reached

0 This is the petition required by 37 CFR. § 1.4T7 and the statement
recpiired by 37 CFR § 1.47 Is aiso attached Sse Hem 13 below for
foo

[0 Not Enciosed.

NOTE. Whare the Sing is a compistion in the U R of an intsmetiorsd Application or whare ihe compistion of
e LLE. grplicetion condaing subject matier in ackiion o the intemationsl Appilication, the sppiication
muy be fresiad ag a contihustion or contiumtion-in-part, as the case may be, ulilichg ADDED PAGE
FOR NEW APPLICATION TRANSQAMITTAL WHERE BENEFRT OF PRIOR U.G. APPLICATION CLANMED.

O Application is made by a pgrson suthorized under 37 C.FR § 1.41{c) on
behalf of aff the above named inventor(s)

(The declsration or oath, along with the surcharge required by 37 C.F.R § 1 16f)
can be flad subsacgrantly).

{1 Showing that the filing Is authorized
{not mquirad urdess calfed imo question. 37 C.FR. § 1416)

6. (nventorship Statement
NARMING: ¥ the nanwd imaniors are sach not the wentors of all the claims an expleration, inchrding the
ownership of the verioua ciaims at tha time e isst clsimed invention was made, should be

The inventorghip for all the claims in this applicstion are:
B The sama
or

0 Not the same An explanation, inclixiing the ownership of the various claimas at
the time the last claimad invention was made,

0 s submitted.
O wil be submitted
7 Langunge
NOTE An sppiication inchuding e signed oath or declargian may be fied in & laxpmge other Sven English.
An English transistion of the non-Engiish tanguage applioation snd the processing fee of §130.00

roquivac by 37 C.F.R. § 1 178 in required to be fiud with the appiication, er within such time s may
be sut by the Offica. 37 CFR. § 150

(B Engigh
[0 Non-English

O The attached tranaiation inchuxies a statement that the transiation is accu-
mte 37 CFR. § 1.652(d).

Neow Appiication Transmitiel [4-1]—page 8 of 13
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8. Assignment Board of Trustees of
&X An assignment of the invention to . MICHIGAN STATE UNIVERSITY

238 Administration Building, East Langing, MI 4P824-1046

D s attached. A separate [J "COVER SHEET FOR ASBIGNMENT {DOCU-
MENT) ACCOMPANYING NEW PATENT APPLICATION™ or (1 FORM PTO
1585 s also attached

K wi follow

NOTE: “¥ an sssigswrawst ks submitind with a new sppiication, serxd iwo saparste istters-one for the applicetion
and one for the assigiynant.” Notics of May 4, 1980 (1114 0.G. 77-T8).

WARMINE: A newly sxecusied “CERTIFICATE UNDER 37 GF.A. § 3.73%)" nxmt be flad whan g contimustion-
in-part spplication is fled by an ssaignes. Notice of Aprll 30, 1983, 1150 0.G. 62-84,

O Thisisa O contnuation [ divisional appiication and the assignment

document for the parent application 0 /. . was filed
on
Reel
Frame
9. Certified Copy
Certifiod copy{ies) of application(s)
Country Appin. Ro. Flled
Courtry Appin No. Filad
Courtry Appin No. Flled

from which priority s claimed
O is (are) sttached

O wil follow
NOTE ¥ GFR § 1.56 Cluim for formign pricrity.
w.-.

(1) In an original sppiication fled wier 35 U.E.C. 111fs), the claim for priarky rmst be preseried
dhring the pendency of thw sppiication, and within the laler of four moniia fom the asctusl flling clelle
of the sppliostion or sictean montm flom the Siing duie of the prior foraign application. This Gme
pariod s not axtencisbla. The clalm must ideniify the foreign spplication for which priority is clebrd,
as wall 28 any foreign spplication for the seme sulject ralier sl hewing a fing dite before thet

do not apply in an applioation under 35 ULG.C. 171w ¥ tha appiication ix
A A dssign applicetion, or
5 An applicetion fied before November 29, 2000.

) Unisss such claiv ks acoapted in acoordiance with the provisions of this paregreply, any clalm for
priorly wxisr 33 URC. 1180)-4) or 365(a) not presanted within the Sime periad provided by
parmgreph (i) of this section kv conskiared to have bean walved. ¥ & cisim for prioly uncler 38 U.8.C.
115(a)-f0 or 3854 Is presseviuc! sfier the time period provided by parsgreph (a) of s section, the
claim may be acoapiad ¥ the clsim identifying the prior foreign sppiiosiion by speciying ks sppiication
mumber ocountry (or intellsciusl property autharlty), and the day, month, and yesr of Rs fing was
unintentionally delayed. A pelition o scospt a delsyed claim for prioriy wdar 38 US.C. 1185)-&)
ar 365{x) rast be accompanied by

(New Appliostisn Treramittal §4-1]—-pege T of 18)
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(1) The claim under 38 U.8.C. 118jy-&) or 385k} and this section (o the prior foreign spplicetion,
unisss previously sbmitted:

2 The surcherge sot fxth in § 1 178 and

9 A sttemant that the entie cdeisy botwesn the dale the ciaim was dus undar paragreph [aX7)

of this section and the dais the ciain was fled was unintentional. The Comsnissioner may requine
ackftions] inforrmation winye thare b a question whether the delgy was uniniantionsl. ™

NOTE: 37 CF.A § 1.83 Ouih or daciarstion.
") An oath or decleration Siad under § 1 S183(2) s a pert of a nonprovisioral application must:

) Unises such informadion b wpplied on an appiication dets sheet in acoordence with § 1 78,
the osth or declarstion mst also identily:

(2 Any loreign appiication for patent for kvartor's certiicatey for which a ciaim for priorily is
made pursuant fo § 1 88, end any foreign appiication having s Sing dute before that of the
sppiication on which pricrity i cisbred, by spacifying the spplication number country, day, manth,
and yagr of s fing."

The foreign sppiiostion forming the basls for the claim lor priory musa! ba referrad o in the osth
aor decieuation. 37 CF.R, § 1:55M) arnd 1 83,

NOTE: This Ram kv for any forelgn pricrity for which the appiication being Siad directly reisies. ¥ any parent
U.8. sppiication or intermetionsl Application trom which this spplicaticn claims bensft under 38 U.8.C.
# 120 is Racif enthtiad ta priarily from & priar foreign application, than compiuls Rem 18 an the ADDED
PAGES FOR NEW APPLICATION TRANSMITTAL WHERE BENEFAT OF PRIOR LS. APPLICATIONS)
CLAMED.

10. Feoe Calculation
NOTE: F¥w fling lea for natiorsl fee) ls paic on Sing. but ihe search fee andior sxamination fee b missing,
#he USPTQ will issum a notice requiring thet any missing search fee and axamingtion fes fbut no surcharge
untl Axther notios) be paid within a speciiiad pariod of time in onder io avold sbandorrmant. Thus, ¥
&t hmit the &l bavic fling fee undyr. the Consclidaled Appropriations Act ia paid on or afier Dacermnber
4 2004, the USPTO will issus & noticn mqudring any balence of the search fee arvd the emmination

ibe ut no mircherps).
A. Utlity Application
i Basic, Examination, Search and Additional Page Fee
X Basic fee ($ 300.00) $_300.00 _
WARNING: The USPTO M conaldering changing the eamount of the search fee and examination fes charged ~
in nationel siage in the near fiure. Plssse refer 10 www uapio.goy for the curmnt fees.
[ Exsmination fee ($200.00) $ 200 00
B Fess for Claims Search Fee $_500 00
_ CLAMS AS FILED
Claims Number filed Number
Extra Rate
Total Claims 26 —20= 6 x $6000 $_300.00
Independent Claims 2 — 3 = 0_ X $200008 __=0=_
Muitiple
DEPENDENT
CLAIMS
K
applicable () + $38000 $__ —0-

0 Additional fee for specification and drawings filsd in paper over 100 sheets
(exciuding sequence listing or computer program lsting filed In an electronic
medium) The fee ks $250 for each additional 50 shests of paper or fraction
thereof

- - - ~ -a - .- -y
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Total Sheets Extra Sheets Number of smch additional

50 or imaciion thereof
{rounded up to 8 whole
number Rate

- 100 50 +$ 250.00

$
0 Amendment canceling extra claims Is enclosed
O Amandment deleting muitinie-dependencies Is enclosed.
O Fee for extra claims Is not being pald at this time.

NOTE: ¥ ithe s for sxtre claima arw not puid on iling they must be pald or the clelve cancelied by smendment,
prior o the enpirution of the dime pevicd st K response by e Petent arnd Trademark Olice i any
notios of fee delichency. 37 CFAR. 4 1 103

Total utiity filng fee caiculation $1,300

B. O Deaign application
($200.00--37 CFR. § 1 18M)

0 Design Search Fes ($100.00)
0O Design Examination Fes ($130.00)
Total design fee calculation $

C. 00 Pant sppiication
($200.00—37 CFR. § 1 16h

O Plant Search Fee ($300.00)
O Plardt Examigation Fee ($160.00)
Total piant fes calculation $
11. Assertion of Gmall Emity Stalue

K Applicant hereby asserts ststus as a small entity under 37 CFR § 1.27

NOTE 37 C.FAR. § 1.37k) duuis with S sspertion of smad aniily sishu, whetiwr by a writn speciic
ciacianstion Swryof or by peymant se e svall antlty of the hausic fing fes or the e for e entey Inlo
he nutional piwes and staies.

“fo) Assertion of sinall entily sisbus. Any parly frerson, sl business concemn or ronprolit
should mels & detormination, pursuant 1o parsgregh () of this seition, of anlillemant
10 be acoonded emal entiy sistus hesed on the definftions set furth in peregreph @) of this section,
and mst, by order o esiabiish srnall entily staiuss for the purpose & paying amall enilly fese, aciually
maks &y assartion of ersiitfernent 1o amall enity status, b the mamar st fxrth in paragrphe (1)
ar (9% of Yok vection, 1 Um sppiication or pelert in which suth svall anifly fess & o by peid,
{1) Answrtion by writing. Bl eniily status muy be astehivied by & witien sssariion of aniliiement
20 aviall aniy sistin. A wiithen agsartion nuist
# By clearly iieniiiabis;
A Sv algned (see paregreph (3G of this sectionk; and
M Cornvey ihe cancept of enilement o amall ently stihum, such as by stating that dpplicant
i & gl ehily, or thet amell enflly stiivs in eriiitied io be asseried for the eppiication or palant.
Whils no epaciic wort or woniing are riguired 1o assert srvall entily sixhus, the inkent & assarf
smulf antily staivm must be clesly indicated in ardar i comply with the sssalion requirernant.
i Aotise who cen aign and G the within asmsertion. e witlen sssertion can be sigmd by
# One of Ve parties kertiied bn § 1.330¢ fo.g.. an atiamey er agut reglstered with the Ofice),
# 373y of his chapiar rotwitetersding, Who can sieo e tw witier assersion,
A Az lesst one of the individals kisniiiied 83 an invenie faven hough & § 1.83 swcuind cath

ar cechwntion has not besn eubsnitted), notwithstanding § 1.53@)4, who can also e i wilien
Svuwtion pursuart v the sxcapion under § 1.35%) of this part: or

&9 An sxsignes of an undivided part infarest, nolwithetanding §§ 1.3380(3) and 3738y of this
mﬁzﬂ*mnnmmmn-mwm
part
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) Assertion by peyment of the small aniiy basic filing ar besic natiorsl fse. The payment, by any
parly. of he axmct amount of one of the small antlly besic ling fese set forth in §§ 1 T8gy, 0.
&0, f. or &) or one of the snall entlly besic nationsl fess set forth in §§ 1.45205(1), (=B, )
N4, or )5 Wi be rested as & witier: assertion of antitiement lo amall entily status even I the
dpe of basic Sing or besic netiorsd fes Is inpdveriantly sslected in enar

¥ ihe Office sccorda sl eniiy etafin based on paymant of & srnall entity basla fling or basic
national feo undar paragraph ()Y of this soction that is not sppiicable o that applioation, any
balance of the amall anifly fes that b appilcable o thet appicetion wil be due along with the
approprizte sycharge set rth i § 1 T80}, or § 1 18§

{8 The pmyyrant of sny amall ertity fee othar than thass sst lorth in paregraph {5)(3) of this ssction
fwhather In the sxact fee amount or nof) will not be irosied se 8 written asyertion of entilsment
i amaf entlly sistua ang will not be suficlent fo sstabiish small entily staits in an sppliication
or & palent.”

WARNING: 37 CFR § 1.275)6 “Asswtion repired in reisted, continuing, and relmus spplications. Sizkus
an & srmall entlily must be spscliically ssiablished by sn assertion in each rals{ad, contimsng and
reissm appiication in which sistus is approprialy and desired. Btatus s a ermull entlly in one
application or patent doss not afiect the siius of any other application or patent, mgardisss of
the reistionship of the applioations or patenia. The nilling of an sppilication under § 1.53 as a

contintion-in-part appliostion prosscution

WARNNGY: “Smaf entlly atphus must not be estsbiished wherl the pursen or pursane aigning i siatarnent
o imeguivesslly meke the requied sel-owtiicstion.” MP EP., § 500.03 fevphesis added).

fcompiete the following, If applicable)
0 Status as a small entity was assertad in the prior application
/ — filed on . from which benefit

Is being ciaimed for thia appiication under-
35 USC.§ O 1190

O 120
g 121
0O 365()

and which siatus as a small entity is stil proper and asserted for this

E

a Amdﬂnﬂmmﬂmduﬂmﬂt}ﬁbﬂhuwm
Is Included

NOTE' A mixd besed on estabiishment of small entlly staius, of a portion of fese thnely pald in Al prior to
astabiishing siatum an a srnalf entity mey anly be obisined ¥ an assertion under § 1.27%) and a request
for 8 raiiewd of the sxcess amount sre Sed within fhree montin of the date of the Smely paymens of
the & fes. The Swee-month Sime period ks not wxienciable under § 1 138. 37 CF.R. § 128p)

Fliing Fee Calculation (50% of A, B or C above)
$_650.00

12. Request for Intarnational-Type Search (37 C.FR § 1 104{d)
fcomplete, ¥ sppiicabis)

0 Please prepars an intamational-type ssarch report for this appiication at the time
when national examination on the merits takes place.

(New Appiication Transmittal [4-1]—page 10 of 15
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NOTE: ¥ the basic jee is not peid, than a surcharge ks required for & subsecguent paymant as required by 37

CFA § 118

37 CFR § 116 (a), (b), or (c) (basic fee) ¢ _150.00

@ 37CFR § 118 (W, M, or () (presantation of extra claims). 150 00 $
Kl 37 CFR § 116 0, 0, or {m) (search fee) §_250.00

® 37 CFR § 1180}, (), or (q) (exemination fe)) §_100.00
0 SYCFR1 1mwmmuwmmmuhm

over 100 sheets)
0

Recording sssignment
(340.00; 37 CFR § 1210
(See attached "COVER SHEET FOR
ASSIGNMENT ACCOMPANYING NEW
APPLICATION".) $
[J Petition fee for flling by other than all the
inventors or person on behalf of the nventor
where Inventor refusad to aign or cannot be
reached
($200.00; 37 C.FR §§ 147 and 1 17(Q)) . J——
0 For proceasing an applcation with a
specification In

a non-English language
$$130.00; 37 C.FR. §§ 1.52(c) and 1 17() $
O Processing and retention fes — abandoned

appication

($130.00; 37 CF.R §§ 1.53(d) and 1.21)) $
O Fee for intemational-type search report

84000, 37 CFR § 1.21(sd $

NOTE: 37 C.FR § 1.278) veinbiishes a fee for processing and relsining any sppiication thet ia abandonad r
faling tv compiste the appiication purstant to 37 CFR. § 1.565() and this, sz well au the changes ©©
37 CF.A §§ 1.53 and 1 T83)T). indioste ihat In order to obiain the banei of d pridr LLS. appiication,
alther ifm basly fling fes must be paki, or ihe processing and retanilon e of § 1.21§) must be pald,
within 1 yeur fom notiication undar § 530

NOTE: ¥ the basic jee is not paid, then a sucharge s required for a subsequant payment as equired by 37
CFA. § 1108

Total fees enclosed $_650.00
14. Method of Payment of Fess
Kl Aitachediss Echeck [Jmoney orderin the amountof § _650.00
0 Authorization is hersby made to charge the amount of $
0 to Deposit Aocount No

{(New Appiicelion Yranemitial j4-1]—page 11 of 18)
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0 to Credit oard as shown on the attached credit card information authoriza-
tion form PTO-2038.
WARNING: Owelt card inforrmaiion should mot be included an this form aa & may bacoms public.

[0 Charge any additional fess required by this paper or credit any overpayment
in the manner autharized above.

A duplicate of thia paper is aitached
18, Authorization to Charge Additional Fess
WARMING: ¥ no fese ae Io be paid on ling, the following Rems should not be compisted.,
WARMING: Accurstaly courn claivm, eapecially multiple dependant claime, to avold unsxpected high charges,
¥ axira claim chargis are suthorimed.

WARMING: Even though small erriily atsius ls accorded winre the wrong lype of amall enBly besic Sing fes
or basic national fee i sslecipd but the sxact amount of 1he fas Is peid, applicent sill needs o
pay wp corect amall entily amount for the basic ling or bemic national fee whyre selection of
fhe wrong Ype of fes reaulis in g defichncy VWil an socompernying penersl sutiorisstion 1o charge
any adifitional fese suffices 0 pay the balwwoe dus of the proper amall anilly basic filing or basic
national fea, speciic suthorbmtions to charge fess unclr § 1 17 or exiension of me es do not
auffice (o pay any balence dus of the proper small enilly bavia Sling or basic netional e because
they dbo not achuslly sshorive paymant of arall entRy ssmounia. Changes To implamant the Petert
Business Goals; Final Ryle [Fed. Rag.. Septembar 8, 2000, pages S4503-54083, at 34811, OQ.
October 3, 2000, pages 14-35].

El Ths Office Is hereby authorized to charge, In the manner shown above, the
foliowing additional fees that may be required by this paper and during the entire
pendancy of this application
Rl 37CFR § 118 (a), (), (& (oasic fee).
37CFR § 116 (). (). () (presentation of extra claima).

R 37 CFR § 116 (%, @, or (m) (search fee)
X 37CFR § 118(0), (p) or (q) (exsmination fee)

NOTE: Because ackiitionsl ises for axcess or multiple depandant claims not pakd on fRing or on inter presentagion
must only be paid or thess claims cancelied by amandment pricr to the expiration of the ime period
8ot for reaponse by the PTO in any notice of fee deficiancy (37 CF.R § 1 1848\ & might be beat not
0 suthorise the PTO o chivge additiorsl ciaim fess, sxvapt possibly when dealing with amerciments

after fhal action.
0 37 CFR 1 18s) (skiitional fee for specification and drawings fied In paper
over 100 shaets).

@ 37C.FR § 116{e) (surchargs for fling the basic fee and/or declaration on
s date iater than the flling date of the appiication)

K 37 CFR § 117(a){1)-{5) (extension fess pursuant to § 1 138(a)).

Kl 37 C.FR § 117 (appiication processing fees)

NOTE ° .Awilisn request muy be sstynitind in sn epplication that ks an autharization 10 et any concurrent
or fuhre reply, equiring a pethion for an aviansion of lime under this peregraph for B timely subrnission,
a8 incorparsting & patition for axtension of tive for the sppvopviain langth of time. An sstherizetion to
charge af required foes, fess undar § 1 17 or all recuired exterwion of time jses witt be teated &3 2
comtructive petiion for an extension of tine in any concument er Riture reply requiing & petition for
an axiunglon of time under this peregreph for ta tmely subvnission. Subwmission of the fes set forth in
§ 1 170 wilf also be tresied g8 & consiructive pe¥iion for an axienaion of time in any corxcarant mply
WuWhQMdhuﬂﬂmnhmmwrcFﬂ

B 37 CFR § 118 (ssue fee at or bafore malling of Notice of Alowancs,
pursuant to 37 C.FR. § 1.311(L)

(New Appiicstion Traramittal [4~1}—page 12 of 18
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NOTE: Bection 1.311fy) provides that an suthorimtion io cavge the lsam fos (§ 1 15) to a daposit account
muy be Sed i an indivickal appiicalion enly after the malling of the netkce of allowance. Accaldingly.
guneral authorhgtions to pay fess and specific asthorisstions to pay the heus fee tiat ae Bed pricr
%0 the maling of s nolice of sliowance will generally nat be tresind an regusting pdywnent of the lssus
fow and will not be ghven effect to act as & reply 1o the notice of allowance. Applicani, when paying
the issue fes, should subwmit a8 new authorimtion to charge fess, such ss by completing bax &b on the
ourrent PTOL-838 Jorm. Whare no regly o the notice of alssance s recalvad, the application will starxd
abandoned notwithetanding the presencs of ganersl sthorizations o pay fess or & spacific suthorization
fo pey the heum fes that ware sutvviited prior (o meling of the notios of sllowance. Where an sttampt
iz madle o pay Ve eus e it an incomect amount is subrnitied, § 1231 1Y(TL or where the Officw’s
issum foe trameitial form fourrently PTOL-85(1) is completed by applicant ard submitied, § 1.3118)3,
in reply 0 a nolice of sliowance, an exception will be made. Such submisions will cperaie a8 a reques!
to charge the lasus fes o any deposit sccount identilied in a previously fled {.é., submitisd prior to
the maiing of the nolice of aliowance) autiorizetion to charge fess, and will be allowed o act as payment
of the correct lumm fes. § 1.311@%) See alsc #w change 0 § 1.20f). Notics of Saptember & 2000,
Fod. Reg. 54003-54083, at 54840 arxi 59047

NOTE: 37 C.FR § 1.200) recuires "Notilostion of any change in sishus resiiting in loss of sntitierent o amall
eniily stalus must be lled It the applicstion  prior i paying, or at tha Sive of peying, the lssus
o * From ihe warding of 37 CF.R. § 1.20M), (W nothication of changy of staltis must be muds
sven ¥ $he fos b paid as “other than & amall enilly” and ) no nofifioation ia required X the change
i o anwihar srall aniy.

16. iwiructions as to Overpayment

NOTE: ®* Amaumnia of twenty-fiw ciollars or lsss will not be returned uniess specifioally requested within
a ressonalsls ting, nor will the payer be notified of such smounts, afnounis over twenty-five dollare may
be reluned by check o, ¥ recprsind, by cred 10 & deposlt scoout.” 37 CF.R § 1.200)

K Credit Account No. __13-0610
O Refund

SIGNATURE OF PRACTITIONSR ~ _
Ian C. McLeod

{pa or print name of stiormay)
2190 Commons Parkway

PO, Addrans

Customer No. 21036 Okemos, Michigan 48864

Reg No. 20,931

Tel No (517) 347-~4100

(New Appilication Tranamitial [4-1]—page 13 of 18)
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O mcomoration by reference of sdded pages
fcheck the following itam If the application in this traramiital ciaima the benefit of

(] Plus Added Pages for New Appiication Tranamiital Where Benefit of Prior U.8.
Application{s) Claimed
Mumber of pages addad

0 Plus Added Pages for Papers Referred to In tem 4 Above

Nuwber of pages added

O Plus added pages deleting names of inventor(s) named in prior applioation(s)

who la/are no longer Inventor(s) of the subject maiter claimed in this application.

Nasmber of pages added

O Puus "Assignment Cover Letter Accompanying New Application”

Number of pages acdkdad

@ Stetement Where No Further Pagee Added

¥ no Rurther pages form & part of this Tranemittal, than end this Transmitial with
this page and check the following lem)
! Thia tranamittal enda with this page

(New Application Tranemitts! [4-1]—page 14 of 15
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ADDED PAGE(S) FOR SPECIAL COMMENTS FOR NEW AFFLICATION
TRANSMITTAL

Added page
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STARCH-VEGETABLE OIL GRAFT
COPOLYMERS AND THEIR BIOFIBER COMPOSITES, AND A
PROCESS FOR THEIR MANUFACTURE

CROSS-REFERENCE TO RELATED APPLICATIONS
[00D1] Not Applicable

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT
[0002] Not Applicable

STATEMENT REGARDING GOVERNMENT RIGHTS
{og03] Not Applicable

BACKGROUND OF THE INVENTION

(1) Field of the Invention

[0004] This 1invention relates to the preparation of
thermoplastic starch-vegetable o:irl graft copolymers and
moldable compoeitions containing a blofiber reinforced in the
starch-vegetable o©1l1 graft copolymer matrix, which are
preferably biodegradable More specifically, the present
invention relates to a process of making biofiber reinforced
starch-vegetable oil graft copolymer blendas which can be
injection molded to give productes which are totally
biodegradable, easily processed and possessing good mechanical
propexties

(2) Description of Related Art

[0005] Traditionally, plastics have been formulated to
result in strong, light-weight, durable, and bioresistant
polymeric materials It 1s the durability and indestructibility
that makes plastic the material of choice for many
applications However, these same properties are problems when

W
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the plastics enter the waste atream The recent trend is to
create biodegradable plastica, most of such plastics being
first commercialized in the mid 1980‘'s (Barenberg, S A , et
al , *Degradable Materials Perapectives, Issues and
Opportunities” (1990 and Vert, M , et al , "Biodegradable
Polymers and Plastics” (1992))
[o00€] Ameong the first ‘biodegradable’ plastics made were
blends of non-biodegradable polyolefins with starch which were
at best only partially biodegradable (Gilmore, D F , et al ,
*The Fate of ‘'Bilodegradable’ Plastics in municipal Leaf
Compost”, J Industr Microbiol 10, 199-206 (1992), Barak, Y ,
et al , J Environ Qual , 20 173 (1991), Krupp, L. R, et al ,
Environ® Sci Techol 26 193 (1992), and Swanson, CL , et al ,
J Environm Polymer Degrad 1{(2), 155-165 (1991) Thesae
plaatics are not compatible with waste management
infrastxructures, such as composting Moreover, at that time,
the appropriate infrastructures capable of dealing with
biodegradables did not exist Instead of composting, these
products generally ended up in sanitary landfills
[0007] Landfills, in general, are a poor choice as a
repository of plastic and organic waste Landfills are
plastic-lined tombs designed to retard biodegradation by
providing 1little or no moisture with negligible microbial
activity Organic waste, such as lawn and yard waste, paper,
and food waste should not be entombed in such landfills to be
preserved for posterity Accordingly, there 1s a growing trend
to divert these materials into composting facilities, which
allow them to be biodegraded to produce humus or compost Thie
compost can then be used as a valuable soil additive for new
plant growth
[oo08) When plastics are designed to be biodegradable,
utilizing renewable resocurcea as the major raw material
component, the plastics can become part of an ecologically

Vol
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sound solution
[0009) Biodegradation of natural materials produces valuable
compost as the major product, in addition to water and carbon
dioxide Such carbon dioxide 1s fixed or neutral and therefore
does not contribute to an increase in the greenhouse gases
[0010] U S Patent No 5,095,054 to Lay et al (1992)
discloses the use of water as a plasticizer for starch
(referred to as starch “destructurization”) in order to make
the material processable in for example an extruder Products
derived therefrom tend to have the problem of rapidly losing
water to the environment by evaporation As a result, this
type of material temnds to become brittle with age These
materials are also highly water sensitive which i1s undesirable
in the majority of applicatione of thermoplastic products To
address this 1issue of water seneitivity, the patent also
includes various blends of destructured starch with a variety
of synthetic petroleum-based plastics Such Dblend
compositions, along with earlier starch-filled polyolefins, are
at best only biodisintegrable and not fully biodegradable
Starch-polyolefin compositions have been reported by the Fertec
group (PCT Int Pat Appl WO 92/14782, Bastiolli, et al
"Biodeg'radahle Composeitions Based on Starch and Thermoplastic
Polymers”, Novamont S P A , (1992), PCT Int Pat Appl WO
91/02025, C Bastioli, et al , “A Polymer Composition including
Destructured Starch and an Ethylene Copolymer”, Novamont S P A
(1991) (See also WO 91/02023 and WO 91/02024))
[0011] U 8§ Patent No 4,873,270 to Aime et al , (1989),
describes blends of polyurethane with for example
poly(vinylchloride) and a carbohydrate such as potato flour
U S Patent Nos 3,850,862 and 3,850,863 to Clendinning et al
(1974), disclose blends of a naturally biodegradable product,
such as' tree bark, protein, starch, peat moss, saw dust, etc ,
with a‘ dialkanoyl polymer (Patent No 3,850,862) such as

-3 -
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poly{(alkylene adipate), or with an oxyalkanoyl pclymer (Patent
No 3,B50,863), such as poly(caprolactone) U S Patent No
4,863,655 to Lacourse et al (1989) discloses water-soluble high
amylose starch containing poly(vinyl alcohol) This type of
modified starch is highly hydrophilic and water soluble, the
starch containa about 5% by weight propylene oxide
corresponding to a theoretical degree of substitution of 0 19
This is a very low degree of substitution compared with the
maximum degree of substitution for starch which 1is 3 0
according to the three available hydroxyl groups on the
anhydroglucose repeat unit The poly(vainyl alcchol) typically
used as a blend component further adds to the water-sensitive
nature of these materials

[0012] ' As discussed earlier, prior art blend compositions
are at best biodisintegrable and not fully biodegradable In
composﬁing, the non-biodegradable components will be persistent
resulting in an irreversible build-up of these components 1in
the environment causing reduced productivity and fertility of
the soll Bven 1if such ‘blodegradable’ blend compositions are
partially biodegradable, the resulting compost will have very
little ‘value In fact, these recalcitrant components will be
preeent 1in the final compost at significantly higher
concentration levels than in the original waste mixture
[0013] Graft copolymerization of a vinyl monomer on the
starch backbone was used to modify starch Fanta and Bagley
{Fanta, G F , et al , Encyclopedia of Polymer Science, John
Wiley & Sona, New York (1970 and Fanta, G F , Block and Graft
cOpolyméra- Vol 1, John Wiley & Sons, New York (19731) have
reviewed the synthesis and discussed eome applications of
starch graft copolymers Otey et al {(Otey, FH , et al ,
Industrial Engineering Chemistry Products Research Development,
19, 592 (1980), Otey, F H , et al , Industrial Engineering
Chemistry Products Research Development, 23, 28B4 (1984), and

- 4 -
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Otey, R P, et al , Industrial Engineering Chemiatry Products
Research Development, 26, 1659 (1987)) blended starch with
poly (ethylene-co-acrylic acid) (EARA) In these papers, the
authors suggested the formation of hydrogen bonds between the
carboxfiic group 1n EAA and the hydroxyl group in starch
Increasing the level of starch decreased the percentage
elongation of the film and increased the diffusion rate of
water Similar complexes like EAA can also be formed with the
hydroxyl groups of the polyethylene-vinyl alcohol (EVOH)
copolymer Bloembergen et al have reported on blends and
alloys containing 1lignocellulosee 1l1like starch, cellulose
acetate etc U S Patent No 5,314,934 to Tomka et al provides
a process to produce a polymer mixture essentially consiating
of thermoplastically processable starch (up to 70-wts) During
this mikture process, an epterification reaction takes place
between” the maleic anhydride groups 1n the terpolymer with free
hydroxyl groups in the starch These reactive blends can be
blown into film with properties comparable to LDPE U S
Patent No 5,234,977 to Bastioli et al discloses a material
used for the product of biodegradable articles in film, sheet
or fiber form, which can be produced by extrusion from a molten
mass that includes a synthetic thermoplastic polymer and a
destructured starch to which a boron containing compound such
as borEF acid has been added
[0014] US Patent Nosa 5,618,341, 5,679,145, 5,858,824,
6,168,837 and 6,231,970 to Andersen et al explain thermoplastic
starch compositions that include a particulate filler and an
optional fiber These compositions may be shaped into a wide
varlety of useful articles, such as sheetsa, films, containers
and packaging materials The overall composition in this case
is typically more environmentally friendly compared to
conventional thermoplastic materials
[0015] US Patent No 5,928,737 to Hammer et al discloses
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thermoplastic starch compositions formed by heating granular
starch wath an additive and further reinforced with fiber and
protein to form sausage casings
[0016] U S Patent No 6,521,147 to Arentsen et al provides
a method and apparatus for manufacturing fiber-reinforced
foamed paper-like products Further, U S Patent No 6,565,640
to Bengs et al provides compositions based on starch and/or
modified starch and comprising plasticizers which can be
processed thermoplastically to give shaped articles which are
biodegradable and physiologically non-hazardous These
articles may be used as packaging or casing for food or drink
or pharmaceutical products, or also for the controlled release
of active substances, or else for producing temporary
protective coatings
[ooi7] * More recently, U S Patent No 6,709,526 to Bailey et
al provides compositiona containing starch, a polymer that is
substantially compatible with starch and has a weaight-average
molecular weight of at least 500,000 g/mol such that the
polymer forms effective entanglements or associations with
neighboring starch molecules, and preferable at least one
additive to improve melt flow and melt processability The
composition 1s especially suitable for uniaxial and biaxial
extensional processes to make fibers, films, foams and like
products
[0018] The prior art on biodegradable materials and blends
18 restricted to starch-based materiale in which the starch
component 1is hydrophilic (water sensitive) No prior art
exi1stas on blends containing starch oil graft copolymer products
and their biofiber reinforced composites as fully biodegradable
products which are readily processable on conventional plastics
processing equipment such as extruders injection molders, etc

OBJECTS

Copy provided by USPTO from the IFW image Database on 06/19/2008



. YERC)

b MSU 4 1-726
5/05/2005

[0019] It 15 an object of the present invention to achleve
good processability and mechanical properties with a novel
starch graft co-polymer product It 18 further an object to
provide such processable products which are also biodegradable

It is also an object to provide new starch-based materials
whaich utilize agricultural resources and return those resources
to nature in an environmentally sound manner These and other
objects will become increasingly apparent by reference to the
following description The substance and advantages of the
present invention will become increasingly apparent by
reference to the following description and the drawings

SUMMARY OF THE INVENTION

[0020] The present invention providea new bicbased polymeric
materials which are suastainable and environmentally
responsible The present invention describes a method of
preparing a blend system which is compatibilized and contains
fully bicdegradable components for making moldable products

The compatibilized blend system has been designed and
engineered by blending bicdegradable, starch-vegetable oil
graft copolymers with biofibers and optionally biodegradable
aliphatic and aliphatic-aromatic copolymers of polyesters

Examples of biodegradable polyesters include poly(caprolactone)
(PCL), poly(vanylacetate-co-vinylalcohol) (PVAc/VA), poly(lactic
acid) or polylactade (PLA), poly(glycolic acid) or
polyglycolide (PGA), and related like polybutylene adipate
coterphthalate (PBAT), c¢opolyesters including the various
combinatione of stereoisomers, bacterial and synthetic
poly (beta-hydroxybutyrate) (PHB), Poly (beta-hydroxybutyrate-co-
beta-hydroxyvalerate (PHB/V), and other poly (beta-
hydroxyalkanotes) (PHA)

[0021) The present invention provides a preferred method for
obtaining starch-vegetable oill graft copolymer formed by
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reacting starch with a vegetable oil in the presence of a
plasticizer wuseing free-radical ainitiator and <further
reinforcing i1t with a fiber and optionally bilodegradable
polyester The plasticizer 18 sBelected from the group
including a variety of biodegradable esters miscible with the
starch ester and polyester These products are readily
processable, and have good mechanical properties Most
importantly, the polymers are fully biodegradable and after
their end-usee can be composted to produce valuable soll
amendment
[0022] The present invention relates to a biodegradable
starch-vegetable oll graft copolymer composition which is a
reactively blended mixture comprising a granular starch, a
vegetable o0il or a derivative thereof comprising a modifier
reactive with the starch, and a plasticizer The present
invention relates to the composition wherein the granular
starch is selected from the group consisting of cormstarch,
potato starch, tapioca starch, rice starch, wheat starch,
cassava starch and high amylase cornatarch Preferably the
starch in the mixture i1s 5% to 90% by weight Preferably the
starch has a moisture content of about ¢ 5% to 15% by weight of
the starch Preferably the starch 18 in a pulverized form
Preferably the starch is chemically modified with the modifier
Generally the vegetable o1l is unsaturated and i1s selected from
the group coneisting of fatty acids and esters The derivatives
of vegetable oll are generally reactive in the composition
Epoxylated, maleated and hydroxylated vegetable oils are the
moat preferred Preferably the vegetable oil is selected from
the group consisting of corn oil, esoybean oll, maleated soybean
oil and epoxidized soybean oil and mixtures thereof Preferably
the vegetable oil is 1% to 10% by weight of the composition
Preferably the plasticizer is a polyhydric alcchol in an amount
between 10 to 40 wt-% of the total of the composition

" Copy provided by USPTO from the IFW Imago Detabase on O/19/2008
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Preferably a free-radical peroxide initiator i1s provided in the
mixture, and wherein the free-radical initiator 1s 2,5-
Bis (tert-butylperoxy) -2, 5-dimethylhexane (LUPEROX 101)
Preferably a free radical peroxide lnitlator i1a provided in the
mixture 1n an amount between about 0 01 to 3-wt® of the total
weight of the composition Preferably the composition comprises
a fiber, and wherein the fiber i1s selected from the group
consisting of cotton, wood, flax, abaca, sisal, ramie, hemp,
and bagasse Preferably the fiber has an aspect ratio of at
least about 10 1 Preferably the fiber is present in an amount
between about 3% to B80% by weight of the composation
Preferably the composition comprising the modifier which is
selectell from the group consiating of cyclic or dibasic acid
and anhydrides thereof Preferably the modifier is present in
the composition in amount of about 0 1 to about 10% by weight
of the starch Preferably the composition comprises a
bicdegradable polyester selected from the group consisting of
poly (caprolactone) (PCL), poly (vinylacetate-co-
vanylalcohol) (PVAc/VA), poly(lactic acid) or polylactide {(PLA),
pely{glycolic acid) or polyglycolide (PGA), poly(beta-
hydroxyalkanoates) (PHA), and aliphatic aromatic copolyesters,
like polybutylene adipate coterphthalate (PBAT) Preferably the
biodegradable polyester 1s 1% to 60% by weight of the
composition
f0023] The present invention further relates to a process
for producing a biodegradable starch vegetable oil copolymer
composition which comprises reactively blending a mixture of a
granular starch, a vegetable o0il or a derivative thereof
comprising a modifier reactive with the starch, and a
plasticizer in a reactor, and removing the composition from the
reactor to produce the composition
[0024] Preferably the reactor is an extruder Preferably the
vegetable oil derivative is a maleated vegetable oil
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Preferably the mixture further comprises a filler Preferably

the filler is a natural fiber Preferably the plasticizer is a
solvent for the mixture

BRIEF DESCRIPTION OF THE FIGURES

[0025] Figure 1 1lluatrates the screw configuration used in
the synthesis of starch-vegetable o1l graft copolymers by
reactive &xtrusion processing The screw of length 12 5 D is
followed by the screw of length 15 5 D and then finally by the
screw of length 12 D D 18 30 mm

[00261] Figure 2 shows the FTIR scan of extracted product
confirming reactivity between starch and coxrn oil in the
synthedis of starch-corn o1l graft copolymers FTIR acans for
pure starch and corn oil are also shown ap a comparison
[0027] Figure 3 showa the FTIR scan of extracted product
confirming reactivity between starch and maleated corn oil in
the synthesis of starch-corn o1l graft copolymers (absence of
free-radical initiator)

[0028] Figure 4 shows the ESEM (scanning electron
microscope) image of regular corn starch

{0o029] Figure 5 shows the ESEM image of starch-maleated corn
oll graft copolymer produced by reactive extrusion processing
[0030] Figure 6 depicts the ESEM image of fiber reinforced
starch-vegetable oirl graft copolymer

[0031} Figure 7 shows the ESEM 1image of fiber reinforced
starch-vegetable oil graft copolymers containing
polycaprolactone polyeater

[0032] Figure 8 is a bar graph showing the tenslile strength
propertieas of various fiber reinforced starch-vegetable oil
graft copolymer blends as explained in Examples 5-9

[0033] Figure 9 is a bar graph showing the break elongation
propertiea of various fiber reinforced starch-vegetable oil
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graft copolymer blends as explained in Examples 5-9

DESCRIPTION OF PREFERRED EMBODIMENTS

[0034] The present invention provides a biodegradable
moldable product wherein, generally, the product is prepared by
introducing a reinforcing fiber and an optionally biocdegradable
polyester into a starch-vegetable oll graft copolymer matrix
Further, the starch-vegetable o011l graft copolymer can be
prepared by reactive-extrusion processing of starch, vegetable
oll, plasticizer and a free-radical initiator

[0035) The degree of substitution (DS) of a polymer is the
(average) number of subatituent groups attached per base unit
{1n the case of condensation polymers) or per monomeric unit
(in the case of additional polymers) The term has been used
mainly in cellulose chemistry where each anhydroglucose unit
has three reactive (hydroxyl) groups Degree of substitution
can then range from zero {(cellulose i1tself) to three (fully
substituted cellulose) The same chemistry applies herein to
starch wherein each glucose moiety has three reactive hydroxyl
sites

[0036] Btarch (CgH190s)n 18 a mixture of linear (amylose) and
branched (amylopectin) polymera Amylose 18 esaentially a
linear polymer of o(l-4) linked D-glucopyranosyl units
Amylopectin is a highly-branched polymer of D-glucopyranosyl
units containing o{l1-4) linkages, with «(l-6) linkages at the
branch points The granular starch was obtained from Corn
Products, Inc (Illinocis) from the country of Braz:il Various
other starches, such as potato starch, tapicca starch, rice
starch, wheat starch, cassava starch, and other starches
familiar to those skilled in the art can be utilized in
accordance with the present invention Compositione having
increased levels of linear starch polymers are most likely to
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be the correct choice in terms of processability, molding and
mechanical properties
[0037] The starch-vegetable oil graft copolymer compositions
of the present invention comprises what is conaidered in the
art to be a specialty starch, preferably having an amylose
content greater than 50% and most preferably greater than 70%
The degree of substitution preferably ranges from 0 001 to 1 DS
and more preferably from 0 01 to 0 05 DS
[0038] Modified starchea are particularly useful in this
invention By chemically modified, i1t is meant that the starch
can be derivatized or modified by typical processes known in
the art, e g esterification, etherification, oxidation, acid
hydrolysis, crosslinking and enzyme conversion Typically,
modified starches include esters, such as the acetate and half-
easters of dicarboxylic acids, particularly the alkylsuccinic
acida, ethers, such as the hydroxyethyl and hydroxypropyl
starches and cationic starches such as starch modified with 2-
diethylaminoethyl chloride (DEC) and starch modified with
quaternary ammonium reagents such as 3-chloro-2-
hydroxypropyltrimethylammonium chloride, starches oxidized with
hypochlorite, starches reacted with crosslinking agents such as
phoaphorus oxychloride, epichlorohydrin, and phosphate
derivatives prepared by reaction with sodium or potassium
orthophosphate or tripolyphosphate and combinations thereof
These and other conventional modifications of starch are
described in publications such as *“Starch Chemistry and
Technology”, Second Edition, Edited by Roy L. Whistler, et al ,
Chapter X, Starch Derivations Production and Uses by M W
Rutenberg, et al , Academic Press, Inc , (1984) The starch
component in the blend is 5% to 90% by weight, preferably from
50% to 80% by weight
[0039] The aforemencioned starchea and starch esters can be
made into a wide range of starch-vegetable oll graft copolymeras
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using a wide variety of oils The clle pertaining to this
invention are unsaturated fatty acids (triglycerides) obtained
from plant based resources The preferred oils are corn,
soybean and mixtures thereof and their maleated and epoxidized
versions The concentration of the oills in the starch-
vegetable o011l graft copolymers i1s 1% to 10% by weight,
preferably between 2% to 5% by weight
[0040] A plasticizer which is a polyhydric alcohol, which is
well known to those skilled in the art, can be added to the
composition to achieve grater material processability and
product flexibility An obvicus requirement of these
plasticizers is that they are biodegradable Optional
plasticizers are well known in the art Typical plasticizers
are water, dihydric, trihydric, polyhydric alcohols, and their
derivatives Some examples are ethylene glycol, propylene
glycol, glycerol, glycerol estere, erythritol, pentaerythritol,
sorbitdl, and higher molecular weight plasticizers like poly
glycerol and poly glycerol esters Glycercl esters include
glycerol monoacetate, diacetate, and triacetate For the
purpose of this invention, it 1s preferred that the
Plasticizers chosen have a boiling point sufficiently higher
than the processing temperature in the extruder and be
thermally stable The preferred plasticizers are glycerol,
glycerol esters, sorbitol, and mixture thereof It is preferred
that th; amount of the plasticizer be in the range of 1 to 30%
by weight of the total reactant mixture, preferably 15 to 30%
by weight
[0041] The free-radical initiator used in this invention was
obtained from Aldrich Chemical (Wisconein) and 18 2,5-Bis
(tert-butylperoxy) -2,5-dimethylhexane (LUPEROX 101, Aldraich,
Wisconsin)) Numerous other free radical initiators are known
to those skilled in the art The radical 1initiator 1is
preferably added in an amount ranging between 0 01 to 10-wthk of
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the total weight
[0042] It i5 highly desirable that these starch-vegetable
orl graft copolymers be capable of forming biodegradable
products with good mechanical properties which can be easily
processed 1in conventional equipments like extruder and
injection molder
[0043] These starch-vegetable o1l graft copolymers are
useful as matrices which can preferably be reinforced with
fiber, modifiers and optional bicdegradable polyester to form
blends suitable to be injection molded
[0044] Preferred fibers include cotton, wood fibers (both
hardwood or softwood fibers, examples of which include southern
hardwood and southern pine), flax, abaca, sisal, ramie, hemp
and bagasse because they readily decompose under normal
conditions The fibers have an aspect ratio of at least about
10 1, preferably greater than about 25 1, more preferably
greater than about 100 1, and most preferably greater than
about 250 1
[0045] A wide range of fibers can coptionally be used in
ordar to improve the physical properties of the thermoplaatic
starch compositions of the present invention As used in the
specification and the appended claims, the terms fibers“ and
*fibrous material” include both inorganic and organic fibers
Fibers may be added to the moldable mixture to increase the
toughness, and fracture energy, ae well as the flexural and
tenasile strengths of the resulting sheets and artaicles
Fibrous materials reduce the likelihood that the sheets, filma
or articles made from thermoplastic starch compositions will
shatter when cross-sectional forces are applied Accordingly,
the concentration of fibers within the thermoplastic starch
compositions of the present invention can be included in a
broad range from 1% to about 60% by weight of the thexmoplastic
starch composition Preferably, fibers will be included in an

‘
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amount in a range from about 10% to about 30% by weight of the
thermoplastic starch composition
[0046] Reactive modifiers for the composition preferably are
selected from the class of cyclic dibasic acid anhydrides such
as maleic, succinic, itaconic, phthalic and combinations
thereof Other modifiers include phthalic acld derivatives like
diethyl phthalate, dimethyl phthalate, and dioctyl phthalate,
phosphoric acid derivatives like triethyl phosphate, tributyl
phosphate, and trioctyl phosphate, glycercl, and glycerol
esters, and sulfonic acid derivativeas The modifier ise
preferably present i1n amount of about 1% to about 10¥% by weight
of the starch based reactant whereby to provide an acildic
environment for the mixture
[0D47] Examples of biodegradable polyesters include
poly (caprolactone) (PCL), pely(vinylacetate-co-
vinylalcohol) (PVAc/VA), polyl(lactic acid) or polylactide (PLA),
poly{glycolic acid) or polyglycolide (PGA), and related
copolyesters including the various combinations of
stereoisomers, bacterial and synthetic poly(-hydroxybutyrate)
poly(beta-hydroxybutyrate-co-beta-hydroxyvalerate) (PHB/V), and
other poly(beta-hydroxyalkanoates) (PHA), and biodegradable
aliphatic-aromatic copolyesters The biodegradable polyester
is incorporated in the final blend in an amount ranging from 0%
to 60% by weight and preferably from 10% to 30% by weaght
[0048] The productsa of the present invention possess
sagnificant mechanical properties while ptill retaining thear
biodegradability Thia is further achieved by engineering the
appropriate degree of substitution and molecular weight of the
starch-vagetable o1l graft copolymers component, by blend
composition, cholce of polyester, modifier and fiber
fo043] The present invention can be processed by various
methods known in the art, such as extrusicn pelletizing and
injection molding For example, the biodegradable fibex
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reinforced starch-vegetable oil graft copolymers made in
accordance waith the present invention can be injection molded
to give a varliety of molded products
[0050] A typical reactive extrusion process to produce
starch-vegetable o1l graft copolymer in the presence of a
plasticizer during free radical initiators is described
hereafter 800 gm of regular corn-starch was pre-blended with
20 gm corn o1l in a kitchen blender for 15 minutes Meanwhile,
200 gm of glycerol was wmixed with 1 6 gm 2,5-bais(tert-
butylperoxy) -2, 5-dimethylhexane (LUPEROX 101) in a glass
beaker The pre-blended mixture of starch and corn oil was
further blended with the glycerol mixture and mixed for around
15 minutes This combained mixture was fed to the feed port of
a twin-screw co-rotating CENTURY extruder (screw diameter 30 mm
and L/D ratio 40) (Traverse City, MI) Vent port was kept open
to remove molisture present A screw configuration as shown in
Figure 1 was used for the reactive extrusion processing The
processing conditions for the reactive extrusion modification
of atarch to form starch-vegetable oll graft copolymers are
shown in Table 1
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TABLE 1

[ ZONE SET ACTUAL °C
ZONE 1 15 56 °C
ZONE 2 95 99 °C
ZONE 3 125 131 °C
ZONE 4 145 147 °C
ZONE 5 150 157 *C
ZONE 6 155 161 *C
ZONE 7 155 155 °C
ZONE 8 155 147 °C
ZONE 9 150 93 °C
DIE 145 145 °C
[MELT TEMP 164 SC
MOTOR SPEED 120 RPM
TORQUE 40-50 ¥
PRESSURE 40-50 Pisa
FEEDER SPEED, CENTURY *
FEEDER SPEED, MiNi *
FEEDER SPEED, EXT v

The extruded strand was collected in aluminum pana and air-
cooled before being ground to a fine powder The satarch-
vegetable oll graft copolymer was stored in an oven at 50°C to
prevent entrainment of moisture

foo51] A typical reactive extrusion process to produce
blofiber reinforced starch-vegetable oil graft copolymer on the
presence of optional modifiers such as waleic anhydride ais
deacribed hereafter The starch-vegetable oil graft copolymer
(pre-blended with 1-wt% maleic anhydride) was blended with
Solka floc (Cellulose based fiber) in a 70 30 ratio The
mixture was fed to the feed port of a twin-screw co-rotating
CENTURY extruder (acrew diameter 30 mm and L/D ratio 40) Vent
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port was kept open to remove moisture present A screw
confiquration as shown 1n Figure 1 wae used for the reactave
extrusion processing The processing conditions for the

process are similar to the one deacribed ain Table 1 The
extruded strand was air cooled before being palletized in line
The biofiber-reinforced composite is stored in an oven at 75°C
to prevent entrainment of moisture

[0052] Alternatively, the above two process steps can be
combined i1nto a one-step operation wherein the starch-vegetable
o1l graft copolymer is made in the first section of the
extruder (LD of 20) followed by the downatream addition of the
biofiber to produce biofiber reinforced starch-vegetable oil
graft copolymer composites The composite was injection molded
to form test dog bone samples

[0053] The Injection Molding conditions are shown in Table 2
for the two step process
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TABLE 2

ZONE 8ET ACTUAL UNITS

ZONE 1 15 38 °C

ZONE 2 95 94 sC

ZONE 3 145 145 °C

ZONE 4 150 148 °C

ZONE 5 155 150 °C

ZONE 6 155 163 °C

"ZONE 7 155 158 sC

ZONE 8 155 150 sC

ZONE 9 150 148 sC

DIE 145 146 sC

MELT TEMP 152 sC

MOTOR SPEED 150 RPM

TORQUE 15-20 Y

PRESSURE Pis

FEEDER SPEED, CENTURY )

FEEDER SPEED, MINI Y

[ FEEDER SPEED, EXT %

[0054) Starch-vegetable oil graft copolymer has been

manufactured by the extrusion processing of starch waith corn
011 in the presence of glycercl as a plasticizer using LUPEROX
101 as a free radical initiator Basic characterizations such
as thermal analysis, Fourier Transformed Infra Red Spectroascopy
(FTIR) have been completed Biofiber reinforced starch-
vegetable oll graft copolymer have been manufactured by
reactive extrusion processing as explained above in both a
single step as well as a dual step process The biofiber
composite has been injection melded to form dog bone test
sample bara Mechanical properties have been determined

[0055]) The effect of changing parameters such as corn ocal
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concentration, type of oi1l, plasticizer type and concentratiom,
temperature and pressure profiles, etc on the reactivity and
proceasing of starch-vegetable o1l graft copolymers can easily
be determined Further changing the biofiber type or the
biofiber addition content and comparing the processing and
mechanical properties of the composite with commodity plastics
starting from a molding composition 1s easily within the skill
of the art Finally, the reactive extrusion processing of
biofiber reinforced starch-vegetable oll graft copolymers can
be extended to an industrial scale-up for the manufacture of
biodegradable articleas for applications such as biodegradable
forks, knives, spoona, golf tees and the like
[0056] The following experimental Examples specifically
demonstrate the utility of the present invention for forming
biodegradable products containing starch, vegetable oal,
plasticizer, initiator fiber and biodegradable polyesater

[0057] Examples of materials made 1n accordance with the
present anvention in compost experiments confirm
biodegradability

EXAMPLES

Example 1

foo58) A starch modification reaction was carried out as
follows

[0059] 740 gm of granular corn-starch (Corn Products, Inc )

was mixed with 71 5 gm of corn oil (Corn Producta, Inc )

Further, 185 3 gm glycerol was mixed with 3 2 gm of 2,5-Bis
{tert-butylperoxy) -2, 5-dimethylhexane {(LUPEROX 101 (Aldrich)

The two mixtures were mixed in a blender for 15 minutes and
extruded using a CENTURY twin-screw co-rotating extruder with a
acrew diameter of 30 mm and a L/D of 40 The temperature
profile and the extrusion processing conditions are shown in
Table 1 Screw configuration consisting of both conveying and

- 20 -

Copy provided by USPTO from the (FW image Database on 08/12/2008



. \\)

MSU 4 1-726

5/05/2005

kneading elements was used and is shown in Figqure 1 DS =
{162*W) / (100*M- (M-1)*W), where 162 represents the molecular
welight of one anhydroglucose unit, W 1s the weight % of the
substituent and M the molecular weight of the substituent In
our case, W=7 18 and M=870 g/mol Thie translates to a
theoretical D § value of 0 014 (1 e one mol of corn o1l per
100 glucose units) The starch-corn oll graft copolymer was
extracted for 24 hours in a Soxhlet apparatus using
Dichloromethane solvent Corn o1l reacted was found to be 60%

FTIR scan confirming reactivity is shown in Figure 2

Example 2

[0060] A starch modification reaction following the
procedure as explained in Example 1 was carried out as follows
[00611] 740 gm of granular corn-starch (Corn Products, Inc )
was mixed with 71 5 gm of maleated corn o1l (1 mole of maleated
corn o1l contains one mole of maleic anhydride) Further,
185 3 gm glycerol was mixed with 3 2 gm of 2,5-Bas (tert-
butylperoxy) -2, 5-dimethylhexane (LUPEROX 101 (Aldrich) The
two mixtures were mixed 1in a blender for 15 minutes and
extruded using a CENTURY twin-screw co-rotating extruder with a
ecrew diameter of 30 mm and a L/D of 40 The temperature
profile and the extrusion processing conditions are shown in
Table 1 Screw configuration consisting of both conveying and
kneading elements was used and is shown in Figure 1 DS =
{162*W) / (100*M- (M-1) *W), where 162 represents the molecular
weight of one anhydroglucose unit, W is the weight ¥ of the
substituent and M the molecular weight of the substituent In
this case, W= 7 18 and M = 968 (870 of CO + 98 of MA) This
translates to a theoretical D § value of 0.012 (1 e one mol
of corn oil per 100 glucose units) The starch-corn oil graft
copolymer was extracted for 24 hours in a Soxhlet apparatus
using Dichloromethane solvent Maleated Corn oil reacted was
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found to be 52%
Example 3
[0062] A Btarch modification reaction following the

procedure as explained in Example 1 was carried out as follows

[0063] 740 gm of granular corn-starch (Corm Producta, Inc )
was mixed with 74 7 gm of maleated corn o1l (1 mole of maleated
corn oll containse one mole of maleic anhydride) Further,
185 3 gm glycerol was added and the mixture was kneaded in a
kitchen blender for 15 minutes and extruded using a CENTURY
twin-screw co-rotating extruder with a screw diameter of 30 mm
and a L/D of 40 The temperature profile and the extrusion
processing conditions are shown 1in Table 1 Screw
configuration consisting o©of both conveying and kneading
elementa was used and 1is shown 1in Figure 1 DS -
(162*W) / (L00*M- (M-1) *W) , where 162 represents ‘the molecular
weight of one anhydroglucose unit, W is the weight % of the
substituent and M the molecular weight of the substituent In
this case, W = 7 18 and M = 968 (870 of CO + 98 of MA) This
translates to a theoretical D 5§ value of 0.012 (i e one mol
of corn oll per 100 glucose units) The starch-corn oil graft
copolymer was extracted for 24 hours in a Soxhlet apparatus
using Dichloromethane solvent Maleated Corn oll reacted wase
found to be 58% FTIR acan confirmed reactivity even in the
absence of Luperox 101 is shown in Figure 3

Example 4

[0064] A starch modification reaction following the
procedure as explained in Example 1 was carried out as follows

[0065] 770 gm of granular corn-starch (Corn Productas, Inc )
was mixed with 35 gqm of maleated corn coll (1 mole of maleated
corn oll contains one mole of maleic anhydride) Further 185 3
gm glycerol was added and the mixture was kneaded in a kitchen
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blender for 15 minutes and extruded using a CENTURY twin-screw
co-rotating extruder with a screw diameter of 30 mm and a LD of
40 The temperature profile and the extrusion processing
conditions are shown in Table 1 Screw configuration
consisting of both conveying and kneading elements was used and
is shown in Figure 1 DS - 162*W)/(100*M- (M-1)*W), where 162
represents the molecular weight of one anhydroglucomse unit, W
is the weight % of the substituent and M the molecular weaght
of the substituent In this case, W= 7 18 and M = 968 (870 of
CO + 98 of MA) This tranalates to a theoretical D 8§ wvalue of
0 006 (1L e one mol of corn cil per 100 glucose units) The
starch-corn orl graft copolymer was extracted for 24 hours in a
Soxhlet apparatus using Dichloromethane solvent Maleated Corn
oil reacted was found to be B82% ESEM i1mages of pure starch
and starch-vegetable oll graft copolymer are shown in Figures 4
and 5 respectively

EXAMPLE 5

{0066] A one-step Iiber reinforced starch-vegetable o1l
graft copolymer reaction was carried out as follows

[0067] 525 gm of granular corm-starch (Corn Products, Inc )
was first mixed with 15 7 gm maleic anhydride (Aldrich Chemical
Company) and further mixed with 56 gm of maleated corn o1l (1
mole of maleated corn oil contains one mole of maleic
anhydride) Further, 175 gm glycerol mixed with 1 05 gm
Luperox 101, was added, and the mixture was kneaded in a
kitchen blender for 15 minutes To this mixture was added 300
gm Kayocell (wood fiber) and further kneaded for 15 minutes

This mixture was extruded using CENTURY twin-screw co-rotating
extruder with a screw diameter of 30 mm and a L/D of 40 The
temperature profile and the extrusion processing conditions are

shown 1in Table 2 The vent port was kept open to remove
unreacted maleic acid and water Screw configuration
- 23 -
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consisting of both conveying and kneading elements was used and

is shown in Fiqure 1 The extruded atrand was palletized and

stored 1n an oven at 100°C The ESEM image of the blend shows

good adhesion between the starch and the fiber and is shown in
Figure 6 Injection molding conditions are shown in Table 3

TABLE 3 Injection molding processing conditions in the
synthesls of dog bone samples of fiber reinforced starch-
vegetable o0il graft copolymers

Temperature profile (All temperatures are in °F

Nozzle | Zone 1 Zone 2 Zone 3
380 370 360 340
380 372 364 341

011 temperature 104°F
Feed throat temperature 120°F
Hold pressure 800 psi
Pack pressure 1400 ps1
Timer conditions

Inject high 10 sec

Pack 3 sec

Hold 3 sec

Cooling 45 sec

Extruder delay 16 sec
Open dwell 1 sec

Shot size 1 in

Shot velocity 0 3 in/s
Cushion 0 25 in

Tranafer position 0 5 in
Mold temperature 125°F

Tensile propertiea of the injection molded articles were
determined using INSTRON Mechanical Testing Equipment fitted
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with a 1000 1lbs load cell The crosshead apeed was 1 inch per

minute The samples were conditioned at 23°C and 50% Relative

Humidity for 40 hours before being tested according to ASTM D-

882 testing Tensile properties are depicted in Fagure 8 and
Figure 9

Example 6

[0068) A one-step fiber reinforced starch-vegetable oal
graft copolymer reaction was carried out as follows

[0069] 400 gm of granular corn-starch (Corn Products, Inc )
was first mixed with 12 gm maleic anhydride (Aldrich Chemical
Company) and further mixed with 56 gm of maleated corm oil (1
mole of maleated corn oil contains one mole of maleic
anhydride) Further, 100 gm glycerol mixed with 0 8 gm Luperox
101, was added, and the mixture was kneaded in a kitchen
blender for 15 minutes To this mixture was added 300 gm
Kayocell (wood fiber) and 200 gm linear Polycaprolactone
polymer (Dow Chemical (Midland, MI), TONE 787) and further
kneaded for 15 minutes This mixture was extruded using a
CENTURY twin-screw co-rotating extruder waith a screw diameter
of 30 mm and a L/D of 40 The temperature profile and the
extrusion processing conditions are shown in Table 2 The vent
port was kept open to remove unreacted maleic acid and water
Screw configuration consisting of both conveying and kneading
elemente was used and is shown in Figure 1 The extruded
strand was palletized and stored in an oven at 100°C The ESEM
image of the blend 18 shown in Figure 7 Injection molding
conditions are shown in Table 4

TABLE 4 Injection wolding processing conditiona in the
synthesis of dog bone samples of fiber reinforced starch-
vegetable oil graft copolymers containing polyester or modified
polyester

- 25 -
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Temperature profile (All temperatures are in °F)

Nozzle | Zone 1 Zone 2 Zone 3
370 360 350 340
369 359 353 341
O0il temperature 110°F
Feed throat temperature 126°F

Hold pressure 900 psai
Pack pressure 1300 psi

Timer conditions

Inject high 10 sec

Pack 3 sec

Hold 2 sec

Cooling 70 sec

Extruder delay 16 secC
Open dwell 1 sec

Shot saize 1 05 in

Shot velocity 1 25 in/s
Cushion 0 25 in

Transfer position 0 5 in

Mold temperature 70°F

\?0
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Tensile properties of the injection molded articles were
determined using INSTRON Mechanical Testing Equipment fitted
with a 1000 lbs load cell The crosshead speed was 1 inch per
minute The samples were conditioned at 23°C and 50% Relataive
Humidity for 40 hours before being tested according to ASTM D-
882 testing Tensile properties are depicted in Figure 8 and

Figure 9
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Example 7
[0o070] A one-step fiber reinforced starch-vegetable o021l
graft copolymer reaction was carried out as follows
[0071] 400 gm of granular corn-starch (Corn Producta, Inc )
was first mixed waith 12 gm maleic anhydride {Aldrich Chemical
Company) and further mixed with 56 gm of maleated corn oil (1
mole of maleated corn o1l containa one mole of maleic
anhydride) Further 100 gm glycerocl mixed with 0 8 gm LUPEROX
101, was added, and the mixture was kneaded in a blender for 15
minutes To this mixture was added 300 gm Kayocell (wood
fiber) and 200 gm Eastman Polyester (EPE) (Poly butylenes
(adipate-co-terephthalate) obtained from Eastman Chemicals) and
further kneaded for 15 wminutes This mixture was extruded
using a CENTURY twin-screw co-rotating extruder with a screw
diameter of 30 mm and a L/D of 40 The temperature profile and
the extrusion processing conditions are shown in Table 2 The
vent port was kept open to remove unreacted maleic acid and
water Screw configuration consisting of both conveying and
kneading elements was used and 1s shown 1in Figure 1 The
extruded strand was pelletized and stored in an oven at 100°C
Injection molding conditions are shown in Table 4 Tenslile
properties of the injection molded articles were determined
using INSTRON Mechanical Testing Equipment fitted waith a 1000
lbs load cell The cross head speed was 1 i1nch per minute
The samples were condlitions at 23°C and 50% Relative Humidity
for 40 hours before being tested according te ASTM D-882
testing Tensile properties are depicted 1n Figqure 8 and
Figure 9

EXAMPLE B

[0072] A one-step fiber reinforced starch-vegetable oil
graft copolymer reaction was carried out as follows

[00713] 400 gm of granular corn-starch (Corn Products, Inc )

- 27 -
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was first mixed with 12 gm maleic anhydride (Aldrich Chemical
Company) and further mixed with 56 gm of maleated corn oil (1
mole of maleated corn o011l containe one mole of maleic
anhydride) Further, 100 gm glycerol mixed with 0 8 gm LUPEROX
101, was added, and the mixture was kneaded in a kitchen
blender for 15 minutes To this mixture was added 300 gm
Kayocell (wood fiber) and 400 gm linear Polycaprolactone
polymer (Dow Chemical, TONE 787) obtained from Eastman
Chemicals, Rochester, NY) and further kneaded for 15 minutes
This mixture was extruded ueing a CENTURY twin-acrew co-
rotating extruder with a screw diameter of 30 mm and a L/D of
40 The temperature profile and the extrusion processing
conditions are shown in Table 2 The vent port was kept open
to remove unreacted maleic acid and water Screw confaiguration
conasisting of both conveying and kneading elements was used and
is shown in Figure 1 The extruded strand was palletized and
stored in an oven at 100°C Injection molding conditiona are
shown in Table 4 Tensile properties of the injection molded
articles were determined using INSTRON Mechanical Testing
Equipment fitted with a 1000 1lbs load cell The c¢ross head
speed was 1 inch per minute The samples were conditioned at
23°C and 50% Relative Humidaty for 40 hours before being tested
according to ASTM D-882 testing Tensile propertiss Aare
depicted in Figure 8 and Figqure 9

EXAMPLE 9

(0074] A one-step fiber reinforced starch-vegetable oil
graft copolymer reaction was carried out as follows

[0075] 1810 gm of granular corn-starch (Corn Products, Inc )
wap first mixed with 54 3 gm maleic anhydride (Aldrich Chemical
Company) and further mixed waith 127 gm of maleated corn oil (1
mole of maleated corn oill containae one mole of maleic
anhydride) Further, 603 gm glycerol mixed with 3 62 gm
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LUPEROX 101, was added, and the mixture was kneaded in a
kitchen blender for 15 minutes To this mixture was added 1088
gm SOLKA FLOX (Cellulose fiber, obtained from International
Fiber Corporation) and further kneaded for 16 minutes This
mixture was extruded using a CENTURY twin-screw co-rotating
extruder with a screw diameter of 30 mm and a L/D of 40 The
temperature profile and the extrusion processing conditions are
shown in Table 2 The vent port was kept open to remove

unreacted maleic aclid and water Screw configuration
consisting of both conveying and kneading elements was used and
18 shown 1in Figure 1 The extruded strand was palletized and
stored in an oven at 100°C

shown in Table 5

Injection molding conditions are

TABLE 5 Injection molding proceseing conditione 1in the
syntheslis of dog bone samples of cellulose fiber (SOLKA FLOC)
reinforced starch-vegetable oll graft copolymers

Temperature profile (All temperatures are in °F)

Nozzle Zone 1 Zone 2 Zone 3
380 370 360 340
376 373 366 341
O1l1 temperature 110°F
Feed throat temperature 126°F
Hold pressure 800 ps1i
Pack preassure 1400 psi
Timer conditions
Inject high 10 sec
Pack 3 sec
Hold 3 sec
Cooling 45 sec
- 29 -
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Extruder delay 16 sec
Cpen dwell 2 sec
Shot size 1 in
Shot velocity 0 7 ain/s
Cushion 0 25 in
Transfer position 0 S in
Mold temperature 130°F

Tensile properties of the injection molded articles were
determined using INSTRON Mechanical Testing Equipment fitted
with a 1000 lbs load cell The crosshead speed was 1 inch per
minute The samples were conditioned at 23°C and 50% Relative
Humidity for 40 hours before being tested according to ASTM D-
882 testing Tenslle properties are depicted i1n Figure 8 and
Figure 9

[0076] The above examples demonstrate that the present
invention provides new starch-vegetable oil based graft
copolymers and their fiber reinforced composites which utilize
agricultural resocurces that is biocbased and biodegradable The
polymeric materials made 1in accordance with the present
invention 18 sustainable and environmentally compatible, this
being achieved by designing and engineering fully biodegradable
materials that are thexrmoplastic yet breakdown under
appropriate environmental conditions in a manner similar to
their lignocellulosic counterparts

(00771 It is intended that the foregoing description be only
illustrative of the present invention and that the present
invention be limited only by the hereinafter appended claims

- 30 -
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WE CLAIM

1

A biodegradable starch-vegetable o1l graft copolymer
composition which 1a a reactively blended mixture
comprising a granular satarch, a vegetable oill or a
derivative thereof comprising a modifier reactive with
the starch, and a hydroxylated plasticizer

The composition of Claim 1 wherein the granular starch
is selected from the group consisting of cornstarch,
potato starch, tapiocca starch, rice starch, wheat
starch, cassava starch and high amylase corn starch

The composition of Claim 1 wherein the starch in the
mixture 18 5% to 90% by weight

The composition of Claim 1 wherein the starch haa a
moisture content of about 0 5% to 15% by weight of the
starch

The compoaition of Claim 1 wherein the atarch is in a
pulverized form

The composition of Claim 1 wherein the starch ais
chemically modified with the modifier

The composition of Claim 1 wherein the vegetable oal
is a derivative which is epoxylated, hydroxylated or
maleated

The composition of Claim 1 wherein the vegetable o1l
18 selected from the group consisting of corn oil,
soybean o01l, maleated soybean oil and epoxidized
soybean oill and mixtureas thereof

- 31 -
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The composition of Claim 1 wherein the vegetable o1l
18 1% to 10% by weight of the composition

The composition of Claim 1 wherein the plasticizer 1is
a polyhydric alcohol in an amount between 10 to 40 wt-
% of the total of the composition

The composition of Claim 1 wherein a free-radical
peroxide initiator is provided in the mixture

The cowmposition of Claim 11 wherein the free-radical
initiator is 2,5-Bas{tert-butylperoxy)-2,5-
dimethylhexane (LUPEROX 101)

The composition of Claim 11 wherein a free radical
peroxide initiator is provided in the mixture in an
amount between about 0 01 to 3-wt% of the total weight
of the composition

The composition of Claim 1 further comprising a faiber
The composition of Claim 14 wherein the fiber 1is
selected from the group consisting of cotton, wood,

flax, abaca, sisal, ramie, hemp, and bagasse

The composition of Claim 15 wherein the fibesr has an
aspect ratio of at least about 10 1

The composition of Claim 12 wherein the fiber 1is

present in an amount between about 3% to 80% by weight
of the composition
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The composition of Claim 1 comprising the modifier

which is selected from the group consisting of cyclic
or dibasic acid and anhydrides thereof

The composition of Claim 18 wherein the modifier is
preaent in the composition in amount of about 0 1 to
about 10% by weight of the starch

The composition of Claim 1 further comprising a
biodegradable polyester selected from the group
consisting of poly(caprolactone) (PCL},
poly{vinylacetate-co-vinylalcohol) (PVAc/VA),
poly(lactic acid) or polylactide (PLA), polyl(glycolic
acid) or polyglycolide {PGA) , poly (beta-
hydroxyalkanoates) (PHA) , and aliphatic aromatic
copolyesters

The composition of Claim 20 wherein the biodegradable
polyester 18 1% to 60% by weight of the composition

A process for producing a biodegradable starch

vegetable oll copolymer composition which comprises

(a) reactively blending a mixture of a granular
starch, a vegetable oil or a derivative thereof
comprising a modifier reactive with the starch,
and a plasticizer in a reactor, and

{b) removing the composition from the reactor to
produce the composition

The proceas of Claim 22 wherein the reactor is an
extruder
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The process of Claim 22 wherein the wvegetable oil
derivative is a maleated vegetable oil

The process of Claim 22 wherein the mixture further
comprises a fiber

The process of Claim 22 wherein the plasticizer is a
polyhydric alcohol
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ABSTRACT

A new starch-vegetable oll graft copolymer, wherein
the vegetable o1l has been reacted onto the starch backbone
using thermal or free radical initiators has been produced in a
twin-screw co-rotating extruder The starch-vegetable oil
graft copolymer can further be reinforced with biofiber in the
presence of an optional modifier puch as maleic anhydride by
reactive extrusion processing to form composites suitable to be
anjection molded into biodegradable articles

as
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FIGURE ] Screw ConFigurstron used i the synthes:s of starch-vegetable o1l graft
copolymers by reactive extrusion processing.
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FIGURE 2 FTIR scan of extracted product confirming reactivity between starch and
corn osl 1n the synthesis of starch-com o1l grafl copolymers
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FIGURE 3 FTIR scan of extracted product confirming reactivity between starch and

maleated com o1l m the synthess of starch-com ol graft
p—— gnft copolymers (absence of free-
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FIGURE 4 ESEM Image of regular granular starch
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FIGURE 7 ESEM mnage of Fiber
o Polyes - remforced starch-vegetable o} grafi copolymers
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FIGURE 8 Tensle Strength properties of various fiber re-inforoed starch-vegetable o1l
graft copolymer blends as explamned 1 Examples 5-9
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FIGURE 9 Break elongation properties of various fiber re-mforced starch-vegetable oil
graft copolymer blends as explained 1n Examples 5-9
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