UNITED STATES OF AMERICA Z)
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OFFICE OF THE ADMINISTRATIVE LAW JUD

Washington, D.C. 570808

SECRETARY
In the Matter of 0 R '
Docket No. 9358 G'NAL

ECM BioFilms, Inc.,
a corporation, also d/b/a
Enviroplastics International, PUBLIC

Respondent.

RESPONDENT’S RENEWED MOTION FOR LEAVE TO SERVE SUBPOENA DUCES
TECUM ON DR. STEPHEN MCCARTHY

Pursuant to Rules 3.21(c) and 3.31A(d) Respondent ECM BioFilms, Inc. (ECM) hereby
seeks leave to serve Complaint Counsel’s expert, Dr. Stephen McCarthy (“McCarthy” or
“Witness™), with a subpoena duces tecum."

ECM has a right to discover all grounds germane to expert qualifications, knowledge,
training, and experience, including expert bias, conflicts of interest, and lack of independence.
Subpoenas duces tecum are the most appropriate means to achieve that end, particularly because
ECM has completed Dr. McCarthy’s deposition. ECM therefore moves this Court to compel
Complaint Counsel’s experts to respond to ECM’s subpoenas duces tecun. On June 10, 2014,
this Court denied ECM’s original motion for leave to serve a subpoena on Dr. McCarthy without
prejudice, thus permitting ECM to separately move for leave to subpoena Dr. McCarthy after
completion of his expert deposition. ECM completed Dr. McCarthy’s deposition on June 27,
2014.

Information revealed during that deposition demonstrates that Dr. McCarthy is not an

objective expert witness. He has considerable personal financial investment in the outcome of

! Respondent’s proposed subpoena is attached as Exhibit RX-L
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this matter. Dr. Stephen McCarthy has agreed to testify in this matter as Complaint Counsel’s
lead scientific witness. He will testify that, in his opinion, ECM’s claims are not supported. Dr.
McCarthy also has established financial relationships with ECM’s competitors. Among other
facts detailed in ECM’s accompanying memorandum, Dr. McCarthy collects money from ECM
competitors through licensing agreements involving his patented technologies. If complaint
counsel is successful in its case against ECM, Dr. McCarthy’s patented technologies increase in
value, and he likely receives more money from ECM’s competitors who license Dr. McCarthy’s
technologies. Dr. McCarthy also receives considerable funding from ECM’s competitors
through grant money paid to UMass where McCarthy teaches, which money is shared with Dr.
McCarthy. Those competitors have lobbied the FTC to take action against ECM and similar
businesses, likely to increase their market share. Dr. McCarthy, working individually or on
behalf of ECM’s competitors, has been involved with the Biodegradable Products Institute
(“BPI”), a trade organization that favors “compostable” products over landfillable products. BPI
has also lobbied the FTC against ECM, and had a substantial role persuading the Commission to
adopt unscientific standards that benefit compostable products over those like ECM’s additive.
Dr. McCarthy has adopted “opinions” in his Rule 3.31A expert report and deposition that
conflict with prior work he has done for ECM competitors, as described in his patents. Those
deviations reveal that his personal bias has influenced the credibility of his testimony.

Dr. McCarthy’s role as an objective expert is highly questionable because of his bias.
ECM must subpoena Dr. McCarthy to fully understand the scope of his personal relationships

that certainly bear on his scientific opinions in this case.



DATED: July 7, 2014

PUBLIC DOCUMENT

Respectfully submitted,

/s/ Jonathan W. Emord
Jonathan W. Emord (jemord@emord.com)
EMORD & ASSOCIATES, P.C.
11808 Wolf Run Lane
Clifton, VA 20124
Telephone: 202-466-6937
Facsimile: 202-466-6938
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UNITED STATES OF AMERICA
BEFORE THE FEDERAL TRADE COMMISSION
OFFICE OF THE ADMINISTRATIVE LAW JUDGES
Washington, D.C.

In the Matter of
Docket No. 9358
ECM BioFilms, Inc.,

a corporation, also d/b/a
Enviroplastics International, PUBLIC

Respondent.

RESPONDENT’S MEMORANDUM IN SUPPORT OF MOTION TO COMPEL EXPERT
RESPONSE TO SUBPOENAS DUCES TECUM

Respondent ECM BioFilms, Inc. (“ECM”) hereby seeks leave to serve Complaint
Counsel’s expert, Dr. Stephen McCarthy (“McCarthy” or “Deponent™), with a subpoena duces
tecum. Complaint Counsel’s lead scientific witness, Dr. Stephen McCarthy, is an agent of
ECM’s competitors. He has a direct financial interest in the outcome of this litigation. He
receives royalties for patented technologies used by ECM’s competitors in the biodegradable
plastics market. He receives significant funding from grant money given to the University for
the Center he directs from those ECM competitors. Those same competitors lobbied the FTC to
prosecute ECM. Put simply, Dr. McCarthy owns technology and financial interests that directly
compete with ECM Biofilms. If Complaint Counsel succeeds in this action against ECM
Biofilms, Dr. Stephen McCarthy stands to gain an increase in revenue when his corporate

connections assume a greater share of the plastics market.

2 In a companion motion, ECM requests leave to amend its final witness list to include
Dr. Steven Grossman. Dr. Grossman is a Professor of Plastics Engineering at UMass Lowell.
He teaches at the University level in the same Department as Dr. McCarthy. He would testify
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The bias, conflict of interest, and independence of Complaint Counsel’s experts are
germane to their qualifications and opinions. See 16 C.F.R. 3.31(c); Fed. R. Evid. 702; Behler v.
Hanlon, 199 F.R.D. 553, 561 (D. Md. 2001). The right to establish the bias of a witness,
particularly an expert witness, is well-established in state and federal courts. See, e.g., Keystone
Mfg. Co. v. Jaccard Corp., 394 F.Supp. 2d 543, 568 (W.D.N.Y. 2005); Behler, 199 F.R.D. at
537; Tuttle v. Perry, 82 S.W.3d 920, 922 (Ky. 2002); Powell v. St. John Hosp., 614 N.W.2d 666,
670 (Mich. Ct. App. 2000). Moreover, under evidentiary principles, bias is not collateral,
meaning that counsel may “prove” bias through extrinsic evidence. See, e.g., Wealot v.
Armontrout, 948 F.2d 497, 500 (8th Cir. 1991) (“[p]otential bias is not a collateral issue”).
“[TThe nature and extent of a witness’s motives and his interest in the outcome of the case bear
importantly upon an evaluation of the witness’s objectivity, his bias, and the weight to be
accorded his testimony.” United States v. IBM Corp., 66 F.R.D. 215, 219 (S.D.N.Y. 1974)
(granting Rule 26 motion to permit discovery of financial interests). “[O]ne of the purposes of
discovery is to obtain information and to establish the nature and extent of ... biases.” Id.
(collecting cases). ECM cannot fully explore Dr. McCarthy’s bias in this case without the court
permitting ECM the document discovery it seeks.

Evidence revealed during Dr. McCarthy’s deposition establish beyond per adventure of
doubt that Dr. McCarthy has a vested financial interest in the outcome of these proceedings.

ECM is entitled under Rule 3.31(c)(1) to probe the full extent of that bias.

BACKGROUND

concerning Dr. McCarthy’s bias and the lack of scientific integrity in Dr. McCarthy’s report
arising from that bias.



PUBLIC DOCUMENT

Respondent ECM Biofilms served subpoenas duces tecum on Complaint Counsel’s
identified experts on April 7, 2014. On May 19, 2014, ECM moved to compel production under
Rules 3.31 and 3.38. This Court ruled that ECM’s subpoenas were deficient in that they lacked
the Commission’s seal of authenticity. See June 2, 2014 Order. ECM followed that Order with a
Motion for Leave to Serve Subpoenas bearing the Commission’s seal (June 4, 2014). On June
10, 2014, this Court denied ECM’s motion for leave without prejudice. His Honor explained that
Rule 3.31A(d) provides for document discovery of expert witnesses, but only after depositions.
See June 10, 2014 Order at 3; see also 16 C.F.R. 3.31A(d) (“Upon motion, the Administrative
Law Judge may order further discovery by other means, subject to such restrictions as to scope
as the Administrative Law Judge may deem appropriate.”). His Honor rejected Complaint
Counsel’s position that subpoenas were per se improper, but held that the ruling did not restrict
ECM from subsequently moving for leave upon good cause after expert depositions. See June
10, 2014 Order at 4 (“this ruling is without prejudice to Respondent’s right to move for further
discovery from Complaint Counsel’s designated expert witness pursuant to Rule 3.31A(d), after

completion of other expert discovery...”).

ARGUMENT

A. ECM Has Evidence that Dr. McCarthy Has a Financial Interest in the OQutcome of
this Litigation

McCarthy invented a patent for a technology that competes directly with ECM’s
biodegradable additive. See Exh. RX-A (U.S. Patent No. 5,883,199 (issued Mar. 16, 1999)). He
profits from that patent. See Exh. RX-B at 47:18-25, 51:17-57:7 (June 27, 2014) (Dr.
McCarthy’s deposition testimony (rough, condensed)). The University of Massachusetts, Lowell

(“UMass”), McCarthy’s employer, is the patent’s assignee. See Exh. RX-A; RX-C-1 (Metabolix
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Website Article). Metabolix, Inc. is the exclusive licensee of the technology. See Exh. RX-C-1.
Metabolix’s potential royalties from licensing UMass patents surpass $100,000 per year. See
Exh. RX-C-2 (UMass Website Article). Dr. McCarthy testified that he receives money directly
from the ‘199 patent, which is licensed by Metabolix. See Exh. RX-B at 55:4-56:7 (explaining
that, as an inventor, Dr. McCarthy gets ten percent (10%) of the royalties of the ‘199 patent if
there is a profit). He acknowledged that Metabolix’s products compete directly with ECM’s
technology for market share. Id. at 60:15-62:4 (acknowledging that it is a competitive
marketplace and that products based on the ‘199 patent are in competition with other products
marketed as biodegradable, compostable, and recyclable). If the Commission is successful
against ECM in this matter (and by extension against similar additive products), Metabolix’s
market share increases along with the return to Dr. McCarthy from his royalty payments. Dr.
McCarthy also collects a share of research grant money that he secures for UMass from
Metabolix and other compostable product manufacturers, which comes from ECM competitors.
Id. at 48:1-51:16 (explaining that a project account receives forty-six percent (46%) of the
research grants Dr. McCarthy secures, and that he is in control of that account when he is the
principal investigator).

Metabolix supplied grants to UMass of approximately $2.5 million, sponsored more than
50 students for their master’s and doctorate degrees, and has made substantial equipment
donations (over $500,000). See Exh. RX-C-2. Since 2008, Metabolix has been lobbying the
FTC to act against ECM. See Exh. RX-D. Dr. McCarthy has worked with BPI, and collected
substantial revenue (approximately $40,000) performing BPI “certifications” for trade
customers. See Exh. RX-B at 92:11-24. Since 2008, Metabolix has lobbied the FTC to act

against ECM. See RX-D (requesting FTC to investigate Good Earth and ECM for alleged
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deceptive environmental claims). Metabolix is also a member of the Biodegradable Products
Institute (BPI), a primary ECM competitor, and sells approximately a dozen products that are
“BPI certified.” See Exh. RX-E-1; RX-E-2. BPI is a vocal opponent of ECM, and has lobbied
the FTC repeatedly since at least 2005 to act against ECM and ECM’s customers. See Exh. RX-
F-1 (BPI Correspondence to FTC of April 25, 2005).

The green plastics industry is divided into two competing camps, those who market
“compostable” products and those who market “biodegradable” products. “Compostables” are a
narrow subset of biodegradable plastics. Compare FTC’s Revised Green Guides 16 C.F.R. §
260.7(b) (for compostability marketing, the marketer must have evidence that “all the materials
in the item will break down into, or otherwise becomes part of, usable compost”) with FTC’s
Revised Green Guides 16 C.F.R. § 260.8(b) (for degradability marketing, the marketer must have
evidence that “the entire item will completely break down and return to nature” within one year o
customary disposal). Advocates of compostables benefit by regulation that limits what may be
advertised as “biodegradable” when that limit is based on rate, and they have successfully
lobbied the Commission to achieve that restriction in the Green Guides. See, e.g., Exh. RX-G
(Comments of BPI from January 30, 2008) (recommending to FTC that, in order for a product to
be advertised as biodegradable, the product must break down within 12-18 months); RX-F-1;
RX-F-2 (BPI Correspondence to FTC of March 30, 2010) (convincing FTC to act against two
additional companies marketing their products as biodegradable).

Companies like Metabolix, and many others supported by BPI, offer environmental
solutions for plastics that compete directly against ECM. Many such technologies are more
expensive than the additive methods sold by ECM (and many similar companies). The expensive

plastic resins and polymers sold by ECM’s competitors often require major manufacturing costs
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to implement, making them less desirable for manufacturers. For ECM’s competitors, therefore,
this case is an opportunity to eliminate an area of strong competition by relying on government
as a proxy. Dr. McCarthy is an agent of those ECM competitors.

His bias is apparent in that Dr. McCarthy has adopted positions that contradict prior work
he performed for ECM’s competitors. For example, his deposition testimony explains that in his
expert report he states that radiological marker C testing is the only test that can dispositively
prove that additives like ECM’s cause biodegradation of plastics, but he himself has relied on
extrapolation and other tests, such as one he created himself, UML-7645, and measures of
weight loss, to prove biodegrability of polymer products. See Exh. RX-B at 69:20-70:19, 143:6-
2;159:8-165:22. Further, in his “Report on Bias and Capture in the Promulgation of the Green
Guides and Enforcement Action Against ECM BioFilms,” Dr. Volokh’s addressed similar
contradictions. Specifically, Dr. Volokh pointed out how Dr. McCarthy has said in his expert
report that “evidence that a substance is biodegradable is not ‘competent and reliable’ unless the
tested sample reaches ‘at least 60% biodegradation,” and there is both a ‘negative control’ and a
‘positive control,”” but the ‘199 patent made biodegradable claims “even though the rate of
biodegradation was lower than 60%.” See Exh. RX-H at 32 (Dr. Volok’s report). He also
mentioned how although Dr. McCarthy’s expert report states that a conventional, non-
biodegradable plastic does not become biodegradable after being melt-blended with ECM’s
additive because the conventional plastic’s chemical structure remains unaltered, in a 1990 paper
Dr. McCarthy proposed to test such a blend, which suggested a tension between his past and
current views. See id. at 32-33.

B. ECM Requires Document Discovery to Uncover the Full Extent of Dr. McCarthy’s
Bias
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Despite thus far not being afforded document discovery from Dr. McCarthy, ECM has
been able to unearth substantial evidence of bias infecting Dr. McCarthy’s testimony in this case.
However, ECM’s effort will not be complete unless and until this Court ensures that ECM’s right
to document discovery is not denied through administrative action. ECM has a right to explore
the full extent of Dr. McCarthy’s ties to ECM’s market competitors, including access to every
document that reasonably shows a connection between McCarthy and an ECM competitor.

ECM seeks leave to serve the document attached as Exhibit RX-1, which is tailored to discover
precisely those connections, seeking documents that expose Dr. McCarthy’s ties with individuals
and institutions that are ECM competitors, Dr. McCarthy’s financial relationships with those
individuals and institutions, and Dr. McCarthy’s involvement in building compostable product
alternatives to biodegradable plastics technologies. ECM completed its deposition of Dr.
McCarthy on June 27, 2014. Before that deposition, ECM was aware of information in the
public domain revealing that Dr. McCarthy’s association with ECM’s competitors, and that he
may be contradicting himself to protect his financial interests. Dr. McCarthy’s responses under
oath confirmed those conclusions, and provided more than a sufficient basis to warrant complete
examination of his financial and other relations with companies and individuals who compete
with ECM (and, indeed, lobby this agency to act against ECM). See, e.g., Exh. RX-B at 40:13-
41:8, 58:7-62:4, 69:20-70:19, 91:5-10, 143:6-2; 159:8-165:22. While ECM has exhausted its
discovery options permitted under this Court’s June 10, 2014 Order governing subpoena
practice, ECM still requires, at least, the following information to assess the full extent of Dr.

McCarthy’s bias: documents and correspondence between Dr. McCarthy and Metabolix, Inc.;?

¥ Metabolix is an ECM competitor who directly lobbied FTC attorneys to take action
against ECM. Metabolix is the exclusive licensee of Dr. McCarthy’s patent technology
concerning biodegradable plastics.

10
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documents and correspondence exchanged between Dr. McCarthy and 3M Corporation;*
documents concerning Dr. McCarthy’s financial interests in his patents that were assigned to
UMass; Dr. McCarthy’s financial interests in grant or research money paid to him from ECM
competitors; and Dr. McCarthy’s documents and correspondence exchanged with BPI and its
employees, affiliates, etc.’ The subpoena attached hereto as Exhibit RX-I is tailored to produce
that information, and ECM respectfully requests that this Court permit ECM to serve this duly
authorized subpoena and to obtain the requested information promptly so as not to prejudice

ECM in its hearing preparation.

RELIEF
ECM moves this Court for leave to serve Dr. McCarthy with a subpoena duces

fecum attached as Exhibit RX-I hereto.

Respectfully submitted,

7 2

Johathan W. Emord ( iémord@emord.com)
EMORD & ASSOCIATES, P.C.

11808 Wolf Run Lane

Clifton, VA 20124

Telephone: 202-466-6937

Facsimile: 202-466-6938

DATED: July 7, 2014

* Complaint Counsel has designated 3M as a potential fact witness in this case. Dr.
McCarthy performed biodegradability research for 3M.

> The Biodegradable Products Institute (BPI) is a trade group devoted to opposing
products like ECM’s additive. BPI has influenced attorneys at the FTC into taking enforcement
action against ECM and similar products.

11
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STATEMENT CONCERNING MEET AND CONFER

Pursuant to Rule 3.22(g), 21 C.F.R. 8 3.22(g), the undersigned counsel certifies that, on
July 3, 2014, Respondent’s counsel conferred by conference call with Complaint Counsel in a
good faith effort to resolve by agreement the issues raised in the foregoing Motion. The parties

have been unable to reach an agreement on the issue raised in the attached motion.

Respectfully submitted,

7=

Jofiathan W. Emord (jémord@emord.com)
EMORD & ASSOCIATES, P.C.

11808 Wolf Run Lane

Clifton, VA 20124

Telephone: 202-466-6937

Facsimile: 202-466-6938

12
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UNITED STATES OF AMERICA
BEFORE THE FEDERAL TRADE COMMISSION
OFFICE OF THE ADMINISTRATIVE LAW JUDGES
Washington, D.C.

In the Matter of
Docket No. 9358

ECM BioFilms, Inc.,
a corporation, also d/b/a PUBLIC
Enviroplastics International,

Respondent.

[PROPOSED] ORDER GRANTING RESPONDENT ECM BIOFILMS. INC.’S MOTION
TO COMPEL

This matter having come before the Administrative Law Judge on July 7, 2014, upon a
Motion for Leave to Serve Subpoena Duces Tecum (“Motion”) filed by Respondent ECM
BioFilms, Inc. (“ECM”) pursuant to Commission Rule 3.21(c) and 3.31A(d).

Having considered ECM’s Motion and all supporting and opposing submissions, and for
good cause appearing, it is hereby ORDERED that ECM’s Motion is GRANTED; ECM is
permitted to duly serve its subpoenas duces tecum on Dr. Stephen McCarthy, as described in

Exhibit RX-1 to ECM’s Motion.

ORDERED:

D. Michael Chappell
Chief Administrative Law Judge

Date:

13
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CERTIFICATE OF SERVICE

| hereby certify that on July 7, 2014, | caused a true and correct copy of the foregoing to
be served as follows:
One electronic copy to the Office of the Secretary through the e-filing system:

Donald S. Clark, Secretary

Federal Trade Commission

600 Pennsylvania Ave., NW, Room H-113
Washington, DC 20580

Email: secretary@ftc.gov

One electronic courtesy copy to the Office of the Administrative Law Judge:
The Honorable D. Michael Chappell
Administrative Law Judge
600 Pennsylvania Ave., NW, Room H-110
Washington, DC 20580

One electronic copy to Counsel for Complainant:

Katherine Johnson Elisa Jillson

Division of Enforcement Division of Enfoncement
Bureau of Consumer Protection Bureau of Consumer Protection
Federal Trade Commission Federal Trade Commission

600 Pennsylvania Avenue, NW 600 Pennsylvania Avenue, NW
Mail stop M-8102B Mail stop M-8102B
Washington, D.C. 20580 Washington, D.C. 20580
Email: kjohnson3@ftc.gov Email: egjillson@ftc.gov

Jonathan Cohen

Division of Enforcement
Bureau of Consumer Protection
Federal Trade Commission

600 Pennsylvania Avenue, NW
Mail stop M-8102B
Washington, D.C. 20580
Email: jcohen2@ftc.qov

| certify that | retain a paper copy of the signed original of the foregoing document that is
available for review by the parties and adjudicator consistent with the Commission’s Rules.

14



DATED: Monday, July 07, 2014
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Respectfully submitted,

[

Jofathan W. Emord (jémord@emord.com)
EMORD & ASSOCIATES, P.C.

11808 Wolf Run Lane

Clifton, VA 20124

Telephone: 202-466-6937

Facsimile: 202-466-6938
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5,883,199

1
POLYACTIC ACID-BASED BLENDS

STATEMENT AS TO FEDERALLY SPONSORED
RESEARCH

Funding for the work described herein was partially
provided by the National Science Foundation under grant
number EEC-9314562. The Government has certain rights
in the invention.

BACKGROUND OF THE INVENTION

The invention relates to polylactic acid-based blends.

Succinic acid and diols can form biodegradable aliphatic
polyesters and copolyesters through coupling and polycon-
densation reactions. The main unit structure resulting from
these reactions is:

~[0— (CHz}m—O—ILI‘.—(CHm—ﬁ— v~

¢]

Examples of biodegradable aliphatic polyesters and
copolyesters having the unit structure shown above are
polybutylene succinate (PBSU), where m is 4 and n is 2,
polyethylene succinate (PESU), where m is 2 and n is 2, a
random copolymer of polybutylene succinate adipate
(PBSU-AD) where m is 4 and n is 2 or 4, and polyethylenc
succinate adipate (PESU-AD) where m is 2 and n is 2 or 4.

These polyesters and copolyesters have interesting prop-
erties including biodegradability, melt processability, and
thermal and chemical resistance. One of these,
BIONOLLE®, a commercially available aliphatic
succinate-adipate polyester, has excellent physical proper-
ties. For example, the thermal resistance of BIONOLLE is
equivalent to that of polyethylene, but the yield strength is
higher than polyethylene. The stiffness of BIONOLLE is
between high density and low density polyethylene (LDPE).
Particularly for BIONOLLE #3000, its impact strength is
cquivalent to that of LDPE, while its elongation at break is
higher than that of LDPE.

Polylactic acid can be made from lactic acid (lactate).
Lactic acid is a natural molecule that is widely employed in
foods as a preservative and a flavoring agent. It is the main
building block in the chemical synthesis of the polylactide
family of polymers. Although it can be synthesized
chemically, lactic acid is procured principally by microbial
fermentation of sugars such as glucose or hexose. These
sugar feed stocks can be derived from potato skins, corn, and
dairy wasltes. The lactic acid monomers produced by fer-
mentation are then used to prepare polylactide polymers.

Lactic acid exists essentially in two stereoisomeric forms,
which give rise to several morphologically distinct poly-
mers: D-polylactic acid, L-polylactic acid, D,L-polylactic
acid, meso-polylactic acids and any combinations of thereof.
D-polylactic acid and L-polylactic acid are stercoregular
polymers. D,L-polylactic acid is a racemic polymer obtained
from a mixture of D- and L-lactic acid, and meso-polylactic
acid can be obtained from D,L-lactide. The polymers
obtained from the optically active D and L. monomers are
semicrystalline materials, but the optically inactive D,L-
polylactic acid is amorphous.

Lactic acid has a hydroxyl group as well as a carboxylic
group, and hence can be casily converted into a polyester.
These polyesters have some potential advantages when
compared to other biodegradable polymers such as polyhy-
roxybutyrate and polycaprolactone, as to their strength,
thermoplastic behavior, biocompatibility, and availability
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from renewable sources, and have been classified as “water
sensitive,” because they degrade slowly compared with
“water soluble™ or “water swollen” polymers. However,
while polylactic acid is a biodegradable polymer with gen-
crally good processability, it is brittle, and the brittleness
increases with time due to physical aging, i.e., densification
of the polymer at a molecular level.

SUMMARY OF THE INVENTION

The invention is based on the discovery that polylactic
acid (PLA)-based polymers or copolymers and polymers or
copolymers of polyesters, e.g., polybutylenesuccinate, poly-
butylene succinate-adipate or polybutylene succinate-
terephthalte (wherein the diacids of the polyester would be,
for example, succinic acid, adipic acid, terephthalic acid, or
any combinations thereof), can be used to make new bio-
degradable blends that, compared to PLA, have superior
tensile and mechanical properties such as stiffness,
toughness, and elongation to break, as well as excellent
biodegradability and aging properties.

In general, the invention features a biodegradable blend
including a first, polylactic acid-based polymer or
copolymer, and a second polymer or copolymer including
one or more polyesters, e.g., an aliphatic polyester or a
polyester of one aliphatic C, to C,, diacid or of a combi-
nation of two more different aliphatic C, to C,, diacids,
wherein the first and second polymers are present in a ratio
of 9:1 to 1:9, by weight, e.g., 5:1 to 1:5, 0r 2:1 to 1:2, or 1:1.
For example, the first polymer can be a homopolymer of
polylactic acid, ¢.g., D-polylactic acid, L-polylactic acid,
D,L-polylactic acid, meso-polylactic acid, and any combi-
nation of D-polylactic acid, L-polylactic acid, D,L-
polylactic acid and meso-polylactic acid. In addition, the
first polymer can be a copolymer having at least 50, 60, 70,
or more, up to 100 percent, by weight, of polylactic acid.

The second polymer or copolymer can be, for example, a
polybutylenesuccinate homopolymer, polybutylencadipate
homopolymer, polybutylenesuccinate-adipate copolymer,
polyethylenesuccinate homopolymer, polyethyleneadipate
homopolymer, or a polyethylenesuccinate-adipate
copolymer, or a copolyester of an aliphatic polyester and up
to 50 percent, by weight, of an aromatic polyester, such as
terephthalate, as long as the overall copolyester (and second
polymer) is biodegradable.

The blend can further include a compatibilizer including
one or more polyesters, polycthers, or polyvinyl alcohols.

The new biodegradable blends have an elongation at
break of at least 10 percent, for example, at least 50, 100,
200, 300, 400, and up to 500 percent or more. The blends
also have an elongation at break of at least 10 percent, ¢.g.,
50, 100, 200, 300, 400, and up to 500 percent or more alter
70 days of aging. In addition, the blends have a toughness of
at least 10 MJ/m?, e.g., 20, 40, 60, and up to 120 MJ/m” or
more.

The second polymer can be present in the new biodegrad-
able blends as a co-continuous phase with the first polymer,
and at least the first or the second polymer or copolymer is
present in a continuous phase in the blend.

The first, polylactic acid-based polymer or copolymer can
be a homopolymer of lactic acid or a block, graft, or random
copolymer of lactic acid having the general formula:

—(Ry)i—(Rali—

wherein R, is a lactic acid unit, R, is caprolactone,
glycolide, trimethylene carbonate, dioxanone, butyryl
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lactone, or ethylene oxide, a is 10 to 10,000, e¢.g., 100 to
7,500, or 1000 to 5000, and b is 0 to 10,000, ¢.g., 100 to
7,500, or 1000 to 5000.

The polyester of the second polymer or copolymer can
have the formula:

«-...[o—(cl-lg),ﬁ—o—hi—(cu_»},,—ﬁ—L\- ~

8] 0

wherein m is 2 to 20, e.g., 4, 8, or 12; nis 2 to 20, e.g., 2
and 4, or 6, or 8; and N is 10 to 10,000, e.g., 500, 3,500, or
5000.

The new biodegradable blends can include the first,
polylactic acid-based polymer or copolymer as a polylactic
acid homopolymer, and the second polymer or copolymer as
a polybutylenesuccinate homopolymer, polybutylencadipate
homopolymer, polybutylenesuceinate-adipate copolymer,
polyethylenesuccinate homopolymer, polyethyleneadipate
homopolymer, or a polyethylenesuccinate-adipate copoly-
mer.

In another embodiment, the invention features articles
manufactured from the new biodegradable blends. For
example, the invention features sheets or films, bags,
containers, such as bottles and disposable cups, disposable
diapers, and other items including the new blends.

A “polylactic acid-based polymer or copolymer™ is a
homopolymer or a copolymer having at least 50% by weight
of polylactic acid. As used herein, the term “polylactic acid,”
without further designation, includes any one or more of
four morphologically distinct polylactic acid polymers:
D-polylactic acid, L-polylactic acid, D,L-polylactic acid,
and meso-polylactic acid. “D-polylactic acid” and
“L-polylactic acid” are dextro-polylactic acid and levo-
polylactic acid, respectively, and both of them are optically
active polymers that rotate a light vector when transmitted
through the polymer. “D,L-polylactic acid” is a racemic
polymer, ie., a copolymer ol D-polylactic acid and
[-polylactic acid having a well-defined conformation of D-
and L-polylactic acid units. “Meso-polylactic” is a random
copolymer of D-polylactic and L-polylactic. An “aliphatic
polyester of a diacid and a diol” is a polyester formed by the
reaction of a diacid and a diol.

The invention provides several advantages. Polylactic
acid by itself is a brittle material having poor toughness and
low elongation to break, and these properties worsen with
time due to its physical aging behavior. Furthermore, the
biodegradability of polylactic acid is slow. The new blends
overcome these deficiencies of polylactic acid, Moreover,
the new blends are environmentally friendly and commer-
cially attractive for making biodegradable plastic films,
sheets, and other plastic products made by conventional
processing methods such as blown film, extrusion, and
injection molding. These plastic products can be used for
food packaging, compost bags, and other disposable ilems.
The new blends provide an entry for polylactic acid in the
potentially large market of biodegradable polymers.

Unless otherwise defined, all technical and scientific
terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention belongs. Although methods and materials similar
or equivalent to those described herein can be used in the
practice or testing of the present invention, suitable methods
and materials are described below. All publications, patent
applications, patents, and other references mentioned herein
are incorporated by reference in their entirety. In case of
conflict, the present specification, including definitions, will
control. In addition, the materials, methods, and examples
described herein are illustrative only and not intended to be
limiting.
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Other features and advantages of the invention will be
apparent from the following detailed description, and from
the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a graph showing complete stress-strain curves of
polylactic acid, BIONOLLE#3000, and their blends.

FIG. 2 is a graph showing stress-strain curves of poly-
lactic acid, BIONOLLE#3000, and their blends in the sirain
range ol 0 to 50%.

FIG. 3 is a graph showing stiffness (modulus) of poly-
lactic acid, BIONOLLE#3000, and their blends.

FIG. 4 is a graph showing stress at yield and break of
polylactic acid, BIONOLLE#3000, and their blends.

FIG. 5 is a graph showing percent elongation at yield and
break of polylactic acid, BIONOLLE#3000, and their
blends.

FIG. 6 is a graph showing toughness of polylactic acid,
BIONOLLE#3000, and their blends.

FIG. 7 is a graph showing stiffness (modulus) of poly-
lactic acid, BIONOLLE#6000, BIONOLLE#7000, and their
blends.

FIG. 8 is a graph showing percent elongation at vield and
break of polylactic acid, BIONOLLE#6000,
BIONOLLE#7000, and their blends.

FIG. 9 is a graph showing percent elongation at break of
polylactic acid, BIONOLLE#3000, and their blends as a
function of aging.

FIG. 10 is a schematic of a biometer for soil biodegra-
dation tesling.

FIG. 11 is a graph showing net percent biodegradation of
polylactic acid, BIONOLLE#3000, and their blends as a
function of test time in soil.

FIG. 12 is a graph showing net percent weight loss due to
biodegradation of polylactic acid, BIONOLLE#3000, and
their blends as a function of test time in compost.

DETAILED DESCRIPTION

Polylactic acid-based polymers and polymers of
polyesters, e.g., aliphatic polyesters of diols and diacids, can
be used to make new blends that have surprisingly good
mechanical and biodegradable properties compared to poly-
lactic acid alone. The new blends provide tough, biodegrad-
able plastics that can be used to make biodegradable plastic
films, sheets, and other products made by conventional
blown film, extrusion, and injection molding processing
methods. These plastic products can be used for food
packaging, compost bags, and other disposable items.

Compared to polylactic acid, the new blends provide a
large increase in elongation (e.g., from 5% to 500%),
toughness enhancement (from less than 10 MJ/m® to more
than 120 MJ/m?), and increased biodegradation rate. The
modulus of these blends decreases with increasing amount
of the aliphatic polyester, i.e., Bionolle#3000 (from 1.3 GPa
of polylactic acid to 0.3 GPa of Bionolle#3000), and clon-
gation to break increases with increasing amount of the
aliphatic polyester (e.g., from 5% to 500%}). The blends with
more than 20% by weight of Bionolle#3000 possess tough-
ness of more than 70 MJ/m?, more than 200% elongation al
break and other excellent tensile properties, which are
retained even after the blends have aged for 70 days in the
temperature range of =15° to 60° C. Compared to polylactic
acid, these blends also have a relanvely high degradation
rales in soil and composling environment.
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Materials

The main components needed to make the new blends are
polylactic acid-based polymers and polyesters, e.g., ali-
phatic polyesters of diols and diacids. Optionally, a com-
patibilizer may be added to the blends.

The simplest polylactic acid-based polymer is polylactic
acid, which can be obtained from, e.g., Cargill Inc. (EcoPla
Division, Minnesota). The polylactic acid used for the
experiments described herein had an 8% meso content (96%
L) and a number average molecular weight of 70,100. Other
polylactic-based polymers can also be used to make the new
tough blends with aliphatic polyesters of diols and diacids.

For example, a polylactic-based polymers can be cither a
homopolymer of lactic acid or a block, graft, or random
copolymer of lactic acid having the general formula:

—(R)—{Rali—

wherein R, is a lactic acid unit and R. is caprolactone,
glycolide, trimethylene carbonate, dioxanone, butyryl
lactone, or ethylene oxide. When the polylactic acid-based
polymer is a homopolymer, the b term is zero in the general
formula.

Commercially available aliphatic polyesters of diols and
diacids include the BIONOLLE family of polymers, e.g.,
BIONOLLE #1000, #2000, #3000, #6000, and #7000,
which can be obtained from, e.g., Showa Highpolymer Co.,
LLtd, Japan. Bionolle #3000, #6000, and #7000, which have
molecular weights (My,) of 23,300, 250,000 and 270,000,
respectively, and melting points of about 91°, 102°, and 89°
C., respectively, were used to make the new blends which
were tesled as described below. Other aliphatic polyesters of
diols and diacids can also be used.

Examples of diols in the aliphatic polyesters include any
aliphatic diols including ethylene glycol and 1,4-butanediol.
Examples of diacids in the aliphatic polyesiers include any
individual diacids or combinations of two or more aliphatic
diacids, in the range of C, to C., in a weight percent from
0 to 100, e.g., oxalic acid, malonic acid, succinic acid,
glutaric acid, adipic acid, n-butylmalonic acid, succinic acid,
azelaic acid, sebacic acid, ethyl diethylmalonate and dibutyl
succinate. Specific aliphatic polyesters include polybutylene
succinate (PBSU), polyethylene succinate (PESU), random
copolymers of polybutylene succinate adipate (PBSU-AD),
and polyethylene succinate adipate (PESU-AD),
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for example 10,000 to 500,000 or 15,000 to 250,000. The
range of melting points of the polylactic acid-based polymer
and aliphatic polyester that can be used is 50° to 300° C., for
example 60 to 200° C., e.g., 80° 10 150° C.

Besides a purely aliphatic polyester of diols and diacids,
a copolyester of an aliphatic polyester and an aromatic
polyester can be used so long as the copolyester is biode-
gradable and imparts ductility to polylactic acid-based poly-
mers. An example of an aromatic polyester that can be used
(in up to 50 percent by weight) in the copolyester is
polyethylene terephthalate. Other aromatic polyesters can be
used.

Examples of compatibilizers include AB block or AB
graft copolymers that consist of a polylactic acid-based
polymer or a polymer which is miscible with the polylactic
acid-based polymers, and an aliphatic copolyester of poly-
mers based on diols and diacids or polymers which are
miscible with these aliphatic copolyesters. These compati-
bilizers can be added to the blend in an amount ranging
from, e.g., 0.1 to 10 percent, e.g., 2, 3, or 5 percent.
Preparing Polylactic-Based Polymer Blends

Standard melt processing equipment and processing con-
ditions can be used to prepare the new blends. Examples of
polymer melt processing equipment that can be used to
make the new blends include melt mixers (Banbury mixer),
blenders, extruders for sheet, film, profile and blown-film
extrusion, vulcanizers, calenders, and spinnerets for fiber
spinning, molding, and foaming.

The polylactic acid-based polymers and the polymers or
copolymers of polyesters were carcfully dried at 40° C.
under vacuum for at least 24 hours to minimize hydrolytic
degradation of polylactic acid-based polymer during the
subsequent melt processing. Blending was done on a single
screw extruder operating between 150° and 160° C. and a
screw speed of 50 rpm. Each sample was extruded twice.
This protocol can be varied as long as the polymers and
polyesters form a continuous or co-continuous phase blend.

The composition and sample code for each blend made up
of polylactic acid and BIONOLLE are reported in Table 1.
The A in each sample code refers to the percentage of
polylactic acid-based polymer in the blend, and the B refers
to the polyester, BIONOLLE#3000, BIONOLLE#6000, or
BIONOLLE#7000, which were used to make the new
blends with polylactic acid.

TABLE 1
Sample
Caode PLA A90BI0  ASOBI)  ATOB30 ASOB30  A30B70 Bio#
PLA 100 a0 30 70 50 30 0
wit %
BIONOLLE 0 10 20 30 50 70 100
wt %

Among other features of the aliphatic polyesters used in
the new blends are that these polyesters are biodegradable
and that they impart duetility to polylactic acid-based poly-
mers by forming a continuous or co-continuous phase in the
morphology of the blends. The polylactic acid-based poly-
mers and the aliphatic polyesters are immiscible, but syn-
ergistically compatible in the blends, i.e., the properties of
the blends are greater than that of the mixtures of polylactic
acid-based polymer and aliphatic polyester determined by
the additive rule of mixture. The range of weight average
molecular weights of the polylactic acid-based polymer and
the aliphatic polyester that can be used is 5,000 to a million,

Sample Preparation

Rectangular shaped samples of each blend were prepared
to enable uniform testing of characteristics. The tensile test
samples were made according to a modified specification in
ASTM D 882. In particular, samples of about (.3 mm
thickness, 12.7 mm width, and 38.1 mm length between the
grips of the tensile test machine holding the sample, ic.,
gage length, were compression molded at 155° C. and
cooled in a cooling press machine at 20° C. and 700 psi. Thin
film samples were made by melt blending on an extruder and
then compression molding to 0.3 mm thickness. The films
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were cut into 20 mmx20 mm samples for testing biodegra-
dation in soil and in composting environments.
Testing Methods

Tensile test properties of blends were obtained 1, 2, 4, 7,
14,21, 35, 40, and 70 days after making the samples. During
this interim time period between making and testing, the
samples were physically aged al room temperature and
atmospheric pressure. The tensile test was done according 10
ASTM D 882 with the following modifications. The grip
separation used was 38.1 mm (1.5 inches) instead of 50 mm
(2 inches), and the grip separation rate was 2 inches/minute
even for samples with elongation at break greater than
100%, while ASTM D 882 specifies that the grip separation
ratc be 20 inches/minute for samples with clongation at
break greater than 100%.

Biodegradation testing in an artificial soil environment
was performed on [ilms of the blends using the respirometric
method developed at the NSF Biodegradable Polymer
Research Center, University of Massachusetts Lowell and
designated UML-7645. This test method covers the deter-
mination of the degree and rate of acrobic biodegradation of
synthetic plastic materials (including formulation additives)
in contact with moist soil under controlled laboratory con-
dition. Carbon dioxide production, as a fraction of the

measured theoretical carbon content of the test materials, is 2

reported as a function of time. The test is designed to
determine the biodegradability of plastic materials, relative
to that of a comparative standard malerial, in an aerobic
environment. The test applies to all plastic materials that do
not inhibit bacteria and fungi present in soil.

Biodegradation testing in an artificial compost environ-
ment was conducted on film samples in a simulated munici-
pal compost as described in Example 4.

In addition, morphology of the blends was observed under
polarizing optical and scanning electron microscopy.
Uses of Polylactic Acid-Based Blends

Like wood and paper, these blends are stable in the
atmosphere but biodegradable in compost, in moist soil, in
water with activated sludges, and in the sea, where a large
number of microorganisms are present. These blends can be
incinerated with only slight damage to the furnace since the
heat of combustion is relatively low, and no toxic gases are
generated. The blends made by this invention can be used to
make biodegradable plastic film, sheets, and other products
by conventional processing methods such as blown film,
extrusion, and injection molding methods. The resulting
blends can be used to manulacture bags, food packaging,
laminated papers, [ood trays, fishing line, net, rope, diapers,
disposable medical supplies, sanitary napkins, shampoo,
drug, cosmetic, and beverage bottles, cutlery, brushes,
combs, molded and extruded foamed articles such as pack-
ing material and cups, and cushions for flexible packing.
These blends provide not only the excellent processibility of
polyethylene, but also posses excellent properties like those
of polyethylene terephthalate. In addition, these blends can
be processed into films that are heat-sealable, unlike poly-
ethylene terephthalate.

EXAMPLES

The following examples further describe the invention
without limitation.

Example 1
Tensile Testing
The tensile test was done according to ASTM D 882 with
the modifications in the sample length between grip sepa-
ration and the grip separation rate, as stated above.
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Specifically, tensile testing was done by using an Instron
Tensile machine, model 1137, at grip separation rates of 0.5
and 2.0 inches/minute.

Tensile test properties of blends were obtained 1, 2, 4, 7,
14, 21, 35, 40, and 70 days after making the samples. During
this interim time period between preparing and testing, the
samples were physically aged at room temperature and
atmospheric pressure.

The stilfness of the blends was determined from the slope
of the initial linear portion of the stress-sirain curve. Stress
was measured as the nominal stress defined as force per unit
original area. Strain and clongation are used as synonymous
terms, and they were measured as percent change in length
per unit length of a sample. The yield point of the blends,
Le., where a large inelastic deformation starts (vielding
occurs), but the material continues to deform and absorb
energy long beyond that point, was characterized as the
intersection of the initial linear portion of the stress-strain
curve and the flat horizontal portion of the stress-strain
curve.

The toughness of the blends, which can be defined as the
tensile energy to break according to ASTM D 822, was
measured according to ASTM D 822 by integrating the area
under the stress-strain curve.

Specifically, a load range such that a specimen would fail
within its upper two thirds was selected. The cross sectional
area of the specimen at several points along its length was
measured to an accuracy of 0.0025 mm. The initial grip
separation was at 38.1 mm. The rate of grip separation rate
was set at 0.5 inches/minute for samples with less than 20%
elongation at break, and at 2 inches/minute for samples with
more than 20% elongation at break. The load cell of the
Instron tester was balanced, zeroed, and calibrated for
measuring and recording force. The rectangular test speci-
men was placed in the grips of the Instron testing machine,
taking care to align the long axis of the specimen with an
imaginary line joining the poinis of attachment of the grips
1o the machine. The grips were tightened evenly and firmly
to the degree necessary 10 minimize slipping of the specimen
during test. The Instron machine was started and stress
versus grip separation was recorded.

Tensile stress (nominal) was calculated by dividing the
load by the original minimum cross-sectional arca of the
specimen in the loading direction. The modulus value was
determined from the initial slope of the stress-strain curve.
Tensile strength (nominal) at break was calculated in the
same way as lensile stress except that the load at break was
used in place of the maximum load. Percentage elongation
at break was calculated by dividing the extension (i.c., grip
separation) at the moment of rupture of the specimen by the
initial length of the specimen between the grips. Yield siress
and percentage clongation at yield were determined by
recording the stress and percent elongation at the yield point,
which was established as noted above.

Tensile stress-strain curves of blends of BION-
OLLE#3000 and polylactic acid are shown in FIGS. 1 and
2. These blends were aged for 14 days. FIG. 1 shows the
complete stress-strain curves of samples coded in Table 2 as
PLA, AS0B10, ABOB20, A70B30, AS0B50, A30B70, and
BIO#3000. FIG. 2 is a expanded view of the initial portion
of the stress-strain curves in FIG. 1, i.c., up to a strain of
50%. The excellent strain hardening characteristics of these
blends is exhibited in FIG. 1 by the rapid increase in stress
prior to break. For example, strain hardening in A30B70
occurred in the strain range of 300-500%, and the corre-
sponding increase in stress was from about 25 MPa to about

50 MPa.
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FIG. 2 shows that both stiffness and stress at yield
decrease with increasing BIONOLLE#3000 content, while
clongation at yield and at break increase with increasing
BIONOLLE#3000 content Based on the data in FIGS. 1 and
2, FIGS. 3 and 4 show modulus (i.c., stiffness) and stress at
yield and break, respectively. The outstanding strain hard-
ening behavior of these blends was further exemplified by
the increasing difference in stress at break and stress at vield
with increasing BIONOLLE#3000 content.

FIG. 5 shows that the elongation at both yield and break
of polylactic acid/BIONOLLE#3000 blends increase with
BIONOLLE#3000 content, with a dramatic increase al
break above 10 percent BIONOLLE. FIG. 6 shows that the
toughness of polylactic acid/BIONOLLE#3000 blends
increases as a function of BIONOLLE#3000 content above
10 percent. Both FIGS. 5 and 6 show a surprising and
unexpecled increase in the elongation at break of the blends
when the BIONOLLE#3000 content was increased (o over
about 10 weight percent to about 30 weight percent in the
polylactic acid/BIONOLLE#3000 blends, and in toughness

of the blends when the BIONOLLE#3000 content was

increased to over about 10 eight percent to about 40 or 50
weight percent in the polylactic acid/BIONOLLE#3000
blends.

Tensile properties (modulus and elongation at break) after
aging for 7 and 21 days as a function of BIONOLLE#6000
and BIONOLLE#7000 content are shown in FIGS. 7 and 8.
The modulus decreases (FIG. 7) and the elongation at break
increases (FIG. 8) with increasing BIONOLLE#6000 and
BIONOLLE#7000 content. As the aging time increases from
7 1o 21 days, the modulus shows a slight increase (FIG. 7),
and the elongation at break shows a slight decrease (FIG. 8).
Since BIONOLLE#7000 is a softer polymer than
BIONOLLE#6000, polylactic acid/BIONOLLE#7000
blends have a lower modulus and a higher elongation at
break compared with those of polylactic acid/
BIONOLLE#6000 blends.

Unlike BIONOLLE#3000, BIONOLLE#6000 and BION-
OLLE#7000 do not increase the elongation at break signifi-
cantly when 10 to 40% by weight of BIONOLLE#6000 or
BIONOLLE#7000 is blended with polylactic acid. This may
be due to the fact that pure BIONOLLE#6000 and BION-
OLLE#7000 do not possess the same tensile propertics of
BIONOLLE#3000, and also more importantly, the compat-
ibility of polylactic acid with BIONOLLE#6000 and BION-
OLLE#7000 is not as good as that of polylactic acid and
BIONOLLE#3000. However, the compatibility of polylactic
acid with BIONOLLE#6000 and BIONOLLE#7000 can be
improved with the addition of a suitable compatibilizer, such
as a small amount of BIONOLLE#3000.

Example 2
Aging Effect

The effect of aging on the blends was measured by
physically aging the samples alt room temperature and
atmospheric pressure, and subsequently testing the samples
by tensile testing according to ASTM D 882 with the
modifications already stated above.

FIG. 9 shows eclongation at break of polylactic acid,
BIONOLLE#3000, and their blends, as a function of aging.
The elongation at break of polylactic acid was below 8%,
and decreased to about 5% with aging. Similarly, the elon-
gation al break of AY0B10 was rather low (about 50%) and
decreased to less than 10% with aging. However, blends
having a BIONOLLE#3000 content of 20% or more by
weight showed outstanding elongation at break (200% clon-
gation for 20% BIONOLLE#3000, and similarly, 300% for
30%, 400% for 50%, and 500% for 70%, respectively). In
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addition, these BIONOLLE#3000 containing blends did not
exhibit any significant reduction in elongation after aging.

Example 3
Biodegradation Testing in Soil

Soil testing in an artificial soil environment was per-
formed on 0.3 mm thick films of the blends using the
respirometric method developed at the NSF Biodegradable
Polymer Research Center, University of Massachusells
Lowell and designated UML-7645. A standard soil mix
(1:1:0.1 potting soil:sand:dehydrated cow manure by
weight) was prepared and characterized. The soil test mate-
rials were exposed to the soil under controlled aerobic
conditions at 30+x2° C. Carbon dioxide production,
expressed as a fraction of the measured of theoretical carbon
content of the test materials, was measured as a function of
time. The degree of biodegradation of the test material is
assessed by comparing the amount of CO, produced from
the test material to that produced from a standard material,
i.e., one that is known to biodegrade (here PLA was used for
comparison).

Specifically, the soil biodegradation test was conducted as
follows. Fifty grams (oven-dry weight basis) of soil was
weighed into a large (14 cm) disposable weighing boat.
Enough distilled water was added to the soil and mixed
thoroughly to bring the soil to a moisture content of 60 to
70%. Approximately 15 g of the moist soil was set aside.
The test specimen, or standard material, was added to the
soil and the amended soil was mixed thoroughly. As shown
in FIG. 10, the amended soil 16 was transferred to a large
chamber 20 of a 250-mL biometer flask 22, packed to a
uniform depth (about 2.5 em), and covered by the 15 g of the
moist soil set aside. The large chamber 20 was then closed
with a rubber stopper 24 connected to a 3-mL plastic syringe
26 packed with a material 26 that removes any carbon
dioxide from air entering the biometer during incubation,
such as sodium hydroxide-coated silicon (e.g., Ascarite™),
between plugs of a filter material 28, e.g., glass wool or
cotton, that allows air, but not the Ascarite™, to pass.

The combined weight of the flask, rubber stopper, and
amended soil containing the test specimen was determined
and recorded. Twenty mL of 0.4M sodium hydroxide was
pipetted into the side-arm chamber 30 of the biometer flask
22 and the side-arm chamber 30 was sealed with a rubber
stopper 32. The biometer flask was placed in an environ-
mental chamber at 30° C and this chamber was kept dark.

The carbon dioxide analysis was done by reacting the
carbon dioxide produced in the biometer with the sodium
hydroxide in the side-arm chamber to form an aqueous
solution of sodium carbonate. The amount of carbon dioxide
produced was monitored by removing the sodium hydroxide
from the trap and transferring it 10 a glass test tube to which
5 mL of 1.5M barium chloride was added. The barium
chloride reacts with the sodium carbonate 1o form a precipi-
tate of barium carbonate. The amount of carbon dioxide
evolved was calculated by standard stoichiometric calcula-
tion.

The net degradation was measured as the ratio of carbon
dioxide evolved to the amount of theoretical maximum
carbon dioxide production possible by the test specimen.
The theoretical maximum carbon dioxide production was
determined by the total organic carbon content of the test
material (by caleulation, if the chemical composition was
well established, or elemental analysis). The maximum
amount of carbon dioxide that can be theoretically evolved
was calculated by the equation:

Maximum carbon dioxide=[(WxC)/100]x[44/12]
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where W is the weight of the test specimen; C is the percent
organic carbon in the test specimen, 44 is the molecular
weight of carbon dioxide, and 12 is the equivalent weight of
carbon.

The biodegradation testing in soil showed that the bio-
degradation rate of BIONOLLE#3000 by itself was
extremely fast, while the biodegradation rate of polylactic
acid by itself was relatively slow.

The soil degradation testing results of the two polymers
and their blends are reported in FIG. 11. After degradation
for 45 days, BIONOLLE#3000 degraded almost 100%,
while polylactic acid degraded only about 14% by loss in
weight, For blends with 70 and 50% BIONOLLE#3000, the
degradation rate was relatively fast. After 45 days, the
A30B70, AS0B50, and A70B30 blends degraded about 77%,
65% and 25%, respectively, by loss in weight. FIG. 11 shows
that polylactic acid biodegrades in soil, but just not quickly,
and the addition of the second aliphatic polymer, such as
BIONOLLE#3000, increases the biodegradation rate.

The importance of the soil biodegradation curves shown
in FIG. 11 is that a specific blend can now be designed such
that this blend would have a certain net degradation in a
given number of days within the soil.

Example 4

Biodegradation Testing in Compost
Biodegradation testing in an artificial compost environ-
ment was conducted on film samples in a simulated munici-
pal compost. Biodegradation testing in an artificial compost
environment was conducted on compression molded film
samples of dimensions 20 mmx20 mmx0.3 mm in a simu-
lated municipal compost mixture consisting of 60% by
weight of water and the rest containing shredded leaves,
shredded paper, mixed frozen vegetables, meat wasle, urea,
and commercial compost seeds. The carbon to nitrogen

(C:N) ratio of the starting mix was 14:1. The composting ~

process was carried out for 30 days at 55° C. Triplicate test
samples were removed from the composting bioreactors at
an interval of 5 days and weighed to measure the weight loss
per surface area in the units of ug/mm?.

After 20 days in the composting environment at 55° C.,
BIONOLLE#3000 had a high weight loss rate while poly-
lactic acid had negligible weight loss. The weight loss rates
in the blends of polylactic acid and BIONOLLE#3000 after
20 days in the composting environment were between the
rates of polylactic acid and BIONOLLE#3000.

The compost degradation testing results of the two poly-
mers and their blends are reported in FIG. 12. After degra-
dation for 20 days, BIONOLLE#3000 degraded almost
40%, while polylactic acid degraded only about 3%, by loss
in weight, For blends with 70 to 20% BIONOLLE#3000, the
degradation percentage was much greater (and the rate much
faster) than that of polylactic acid, e.g., after 20 days, the
A30B70, A50B50, and A70B30 blends degraded about 35%,
25% and 15%, respectively, by loss in weight. FIG. 12
shows that polylactic acid biodegrades in compost, but
slowly, and the addition of even 20% by weight BION-
OLLE#3000 increases this biodegradation rate dramatically.

The importance of the compost biodegradation curves
shown in FIG. 12 is that a specific blend can now be
designed such that this blend would have a certain net
degradation in a given number of days in a composting
cnvironment.

Example 5
Morphologv
Samples were analyzed by microscopy to investigate the
morphology of the phases of polylactic acid versus the
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phases of BIONOLLE#3000. The blends were exposed to
acetone 10 dissolve the polylactic acid component without
affecting the BIONOLLE#3000 component. For the blend
containing 70% by weight of polylactic acid and 30% by
weight of BIONOLLE#3000, 67% of the material, or
approximately 95% of the polylactic acid, was dissolved.
The remaining material was in a sheet form, and the BION-
OLLE#3000 phase in the original blend formed a continuous
or co-continuous phase, while the dissolved polylactic acid
left behind holes in the sheet-like structure of BION-
OLLE#3000. This continuous or co-continuous structure of
the BIONOLLE#3000 phase in the original blend explained
the outstanding toughness shown in the graph of FIG. 6.

OTHER EMBODIMENTS

It is to be understood that while the invention has been
described in conjunction with the detailed description
thereol, that the foregoing description is intended to illus-
trate and not limit the scope of the invention, which is
defined by the scope of the appended claims. Other aspects,
advantages, and modifications are within the scope of the
following claims.

What is claimed is:

1. A biodegradable blend comprising:

(a) a first polylactic acid-based polymer or copolymer,

and

(b) a second polymer consisting essentially of one or more

polyesters,

wherein said first and second polymers are presenl in a

ratio of 9:1 to 1:9 by weight, and wherein the second
polymer is a homopolymer or random copolymer that
forms a continuous or co-continuous phase in the
blend.

2. The biodegradable blend of claim 1, wherein said one
or more polyesters are of one aliphatic C, to C,, diacid or
of a combination of two more different aliphatic C, 1o C,,
diacids.

3. The biodegradable blend of claim 1, wherein said first,
polylactic acid-based polymer is a homopolymer of poly-
lactic acid.

4. The biodegradable blend of claim 1, wherein said first,
polylactic acid-based polymer is selected from the group
consisting of D-polylactic acid, L-polylactic acid, D,L-
polylactic acid, meso-polylactic acid, and any combination
of D-polylactic acid, L-polylactic acid, D,L-polylactic acid
and meso-polylactic acid.

5. The biodegradable blend of claim 1, wherein said firsl,
polylactic acid-based polymer is a copolymer having at least
60% by weight of polylactic acid.

6. The biodegradable blend of claim 1, wherein said
second polymer or copolymer is selected from the group
consisting of polybutylenesuccinate homopolymer, polybu-
tylencadipate homopolymer, polybutylenesuccinate-adipate
copolymer, polyethylenesuccinate homopolymer, polyethyl-
encadipate homopolymer and polyethylenesuccinate-
adipate copolymer.

7. The biodegradable blend of claim 1, wherein said
polyester is an aliphatic polyester.

8. The biodegradable blend of claim 1, wherein said
second polymer or copolymer is a copolyester of an aliphatic
polyester and up to 50 percent, by weight, of an aromatic
polyester.

9. The biodegradable blend of claim 8, wherein said
aromatic polyester is polyethylene terephthalate.

10. A biodegradable blend of claim 1, further comprising
(¢) a compatibilizer consisting essentially of one or more
polyesters or polyvinyl alcohols.
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11. The biodegradable blend of claim 1, said blend having
an elongation at break of at least 10%.,

12. The biodegradable blend of claim 1, said blend having
an elongation at break of at least 200%.

13, The biodegradable blend of claim 1, said blend having
an elongation at break of at least 10% after 70 days of aging.

14. The biodegradable blend of claim 1, said blend having
an elongation at break of at least 200% after 70 days of
aging.

15. The biodegradable blend of ¢laim 1, said blend having
a toughness of at least 10 MJ/m?>,

16. The biodegradable blend of claim 1, said blend having
a toughness of at least 70 MJ/m?,

17. The biodegradable blend of claim 1, wherein said
second polymer is present in said blend as a co-continuous
phase.

18. The biodegradable blend of claim 1, wherein said first,
polylactic acid-based polymer or copolymer is a homopoly-
mer of lactic acid or a block, graft, or random copolymer of
lactic acid having the formula:

—(Rp)i—{Ra)s—
wherein R, is a lactic acid unit, R, is caprolactone,
glyeolide, trimethylene carbonate, dioxanone, butyryl
lactone, or ethylene oxide, a is 10 to 10,000, and b is 0 to
10,000.
19. The biodegradable blend of claim 1, wherein said
polyester has the formula:

~[0— (Cl1:}m—0—*ﬁ—((‘['1:);;—*ﬁ—1v =

(6] Q

wherein m is 2 to 20, n is 2 to 20, and N is 10 to 10,000.
20. The biodegradable blend of claim 1, wherein said first,
polylactic acid-based polymer or copolymer is a polylactic
acid homopolymer, and wherein said second polymer or
copolymer is a polybutylenesuccinate homopolymer.

21. The biodegradable blend of claim 1, wherein said first,
polylactic acid-based polymer or copolymer is a polylactic
acid homopolymer, and wherein said second polymer or
copolymer is a polybutylenesuccinate-adipate copolymer.

22. A film comprising a biodegradable blend comprising:

(a) a first polylactic acid-based polymer or copolymer,

and
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(b) a second polymer consisting essentially of one or more
polyesters,

wherein said first and second polymers are present in a
ratio of 9:1 to 1:0 by weight, and wherein th second
polymer is a homopolymer or random copolymer that
forms a continuous or co-continuous phasc in the
blend.

23. A bag comprising a biodegradable blend comprising;

(a) a first polylactic acid-based polymer or co-polymer,
and

(b) a Second polymer consisting essentially of one or
more polyesters.

wherein said first and second polymers are present in a
ratio of 9:1 to 1:0 by weight, and wherein the second
polymer is a homopolymer or random copolymer that
forms a continuous or co-continuous phase in the
blend.

24. A container comprising a biodegradable blend com-

prising:

(a) a first polylactic acid-based polymer or copolymer,
and

(b) a second polymer consisting essentially of one or more
polyesters,

wherein said first and second polymers are present in a
ratio of 9:1 to 1.0 by weight and wherein the second
polymer is a homopolymer or random copolymer that
forms a continuous or co-continuous phase in the
blend.

25. Adisposable diaper comprising a biodegradable blend

comprising:

(a) a first polylactic acid-based polymer or copolymer,
and

(b) a second polymer consisting essentially of one or more
polyesters,

wherein said first and second polymers are present in a
ratio of 9:1 to 1:0 by weight, and wherein the second
polymer is a homopolymer or random copolymer that
forms a continuous or co-continuous phase in the
blend.
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1 its molecular mass down to the formation of CO?2, 1 A. Do you want me to check?
2 H20, CHA4, and other low molecular-weight products 2 MS. JOHNSON: Are you referring to
3 under the influence of microorganisms in both 3 something specific?
4 aerobic and anaerobic conditions aided by abiotic 4 Q. Do you consider PET biodegradable?
5 chemical reactions like photodegradation, 5 A. 1 do not consider PET to be biodegradable
6 oxidation and hydrolysis (14)" 6 in normal composting.
7 Now, as editor of the journal, did you 7 Q. Is there any additive that you know, made
8 ever tell the authors that you thought the section 8 by any company, that causes PET to become
9 entitled Definition of Biodegradation should be 9 biodegradable?
10 changed in any way? 10 MS. JOHNSON: Objection. What do you
11 A. No, because | was not a reviewer. 11 mean by biodegradable? What definition are you
12 Q. But you approved the article for 12 using?
13 publication, I think you said? 13 A. 1 don't think so.
14 A. Based on the reviews. 14 Q. Now, how much have you been paid by the
15 Q. Now, did you tell the authors that they 15 FTC in this proceeding?
16 ought to alter the section Entitled Definition of 16 A. So far?
17 Biodegradation to specify that the term required 17 Q. Yes.
18 complete break down and return to nature within 18 A. $7500.
19 one year of customary disposal? 19 Q. And what is your financial arrangement
20 MS. JOHNSON: Obijection. 20 with the FTC?
21 A. If any of the reviewers had changes that 21 A. Itis $100 an hour, plus the deposition.
22 they wanted made, | would have then relayed that 22 Q. You're the director of the U Mass Lowell
23 to the -- and in order for it to be accepted, | 23 Bioplastics Institute and Medical Plastic Research
24 would have relayed that back to the author. So 24 Center?
25 that could be construed as me asking the author to 25 A. Bioplastics Medical Plastic Research
38 40
1 make changes. 1 Center, yes.
2 Q. But did you specifically ask either the 2 Q. With your permission, so | don't have to
3 authors or any of the reviewers to include within 3 say that entire name and all of its parts every
4 the definition of biodegradation the requirement 4 time I'm referring to, shorten that to Bioplastics
5 that there be a complete break down and return to 5 Research Center or research center. Is that okay?
6 nature within one year of customary disposal? 6 A. Yes.
7 A. No. 7 Q. So that were both on the same page, if |
8 Q. Let's take look at another article of 8 use the term Bioplastics Research Center or
9 yours that is entitled biodegradability and 9 research center I'm referring to U Mass Lowell
10 mixability of blends containing 10 Bioplastics and Medical Plastic Research Center,
11 poly-hydroxy-butyrate co-hydroxyvalerate in the 11 okay?
12 ANTECH 90 journal at 1439. 12 A. Okay.
13 MR. EMORD: We'll mark this as Exhibit 13 Q. Now, when was the Bioplastics Research
14 Number 4. 14 Center established?
15 (Whereupon, Respondent's Deposition 15 A. You're talking the bioplastics and
16 Exhibit No. 4, » DESCRIPTION, marked.) 16 medical plastics?
17 BY MR. EMORD: 17 Q. Yes.
18 Q. We're going to skip that for the moment. 18 A. Do you want me to go through the
19 What is PET? 19 history of --
20 A. Do you mean what does the abbreviation 20 Q. No.
21 PET stand for with respect to a polymer? 21 A. 1 would say two and a half years ago.
22 Q. Right? 22 Q. 20117
23 A. Polyethylene terephthalate. 23 A. Yes.
24 Q. Inyour report, as | understand it, you 24 Q. Now, you created it, right?
25 say that PET is not biodegradable, correct? 25 A. Yes.

10 (Pages 37 to 40)
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1 Q. Does the Research Center include members? 1 A. Richard Gross.
2 A. Yes. 2 Q. He was your mentor?
3 Q. What companies are industry members? 3 A. Is that a question?
4 A. Metabolix, Echo Verde -- let me back up. 4 Q. Yes.
5 They aren't really members. 5 A. No.
6 Q. What are they? 6 Q. You studied in collaboration with him?
7 A. There are companies that sponsor 7 A. No.
8 research. 8 Q. He has a background in biochemistry,
9 Q. These are the companies that sponsor 9 right?
10 research, Metabolix, Echo Verde. Who else? 10 A. In chemistry.
11 A. MMM, Densified Solutions. Are you 11 Q. And he wrote articles in which you were
12 talking about just the bioplastics and medical 12 also the co-author, right?
13 plastics? 13 A. Yes.
14 Q. Correct. 14 Q. He did research on polymers, right?
15 A. There might be some others. 15 A. Yes.
16 Q. What's the annual operating budget of the 16 Q. And you worked with him on that research
17 center? 17 and published with him on that research. Were you
18 A. I'm not sure exactly. 18 the more junior person in that association?
19 Q. That's all right. A close approximation? 19 MS. JOHNSON: Obijection.
20 A. About $70,000 a year. | mean, that's 20 A. No.
21 total. That's what the university gets. 21 Q. You were the senior person?
22 Q. I'm going to have you take a look at a 22 A. Yes.
23 document from Mass Lowell. 23 Q. When did he retire?
24 MR. EMORD: We'll mark this as exhibit. 24 MS. JOHNSON: Objection. That assumes
25 (Whereupon, Respondent's Deposition 25 facts not in evidence.
42 44
1 Exhibit No. 4, document entitled Center for 1 Q. Has he not retired. Is he still at
2 Biogradable Polymer Research, marked.) 2 U Mass?
3 BY MR. EMORD: 3 A. No, he's not at U Mass.
4 Q. Now, do you recognize this document? 4 Q. But he's at another institution now?
5 A. Yes. 5 A. Yes.
6 Q. Toyour knowledge, is it accurate in its 6 Q. What institution is that?
7 description of the Research Center? 7 A. Rensselaer Polytechnic Institute.
8 A. No. 8 Q. In France?
9 Q. It's not accurate. Where is it 9 A. In Troy, New York.
10 inaccurate? 10 Q. How much was the annual budget of the
11 A. This is not the Research Center. 11 Biodegradable Polymer Research Center?
12 Q. This is another center, Biodegradable 12 A. Inwhat year?
13 Polymer Research Center is not the same as the 13 Q. 931020117
14 center we were just talking about? 14 MS. JOHNSON: Objection.
15 A. Right. That's why I asked you if you 15 Q. Annual operating budget.
16 wanted me to go through the history. 16 A. ltvaried.
17 Q. | appreciate that. This is a predecessor 17 Q. Give me the range.
18 to it? 18 A. 1 would say it varied from $30,000 to
19 A. This is a predecessor to it. 19 possibly maybe close to $200,000.
20 Q. When was the Biodegradable Polymer 20 Q. Ayear?
21 Research Center established? 21 A. Per year.
22 A. | believe it was "93. 22 Q. Is Exhibit 4 a complete and accurate
23 Q. 1993. Did you establish the center? 23 description of the Biodegradable Polymer Research
24 A. | established it with a colleague. 24 Center, do you think?
25 Q. Who is the colleague? 25 A. It looks like this was a description as
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1 of 2008. 1 A. Not officially.
2 Q. And as of that year, is it accurate? 2 Q. Any other change of note in 2011 from the
3 MS. JOHNSON: Obijection. 3 prior functioning of the organization?
4 A. | believe so. 4 A. Yes. It was a new location.
5 Q. Let's take a look at another one of 5 Q. Previously, it was located where?
6 these. This one is an updated version. No. This 6 A. 333 Aiken Street.
7 one is the preceding version. We'll find out. 7 Q. And now it's located?
8 We'll mark this as Exhibit 5? 8 A. 1001 Pawtucket.
9 (Whereupon, Respondent's Deposition 9 Q. Did you expand the size of the facility?
10 Exhibit No. 5, document entitled Center for 10 A. No.
11 Biogradable Polymer Research, marked.) 11 Q. Roughly the same size?
12 BY MR. EMORD: 12 A. No.
13 Q. Can you tell me what is the, if you know, 13 Q. Smaller?
14 what is the year, this one, of this document? The 14 A. Yes.
15 other one was 2008. 15 Q. What is your salary as a professor at
16 MS. JOHNSON: Is this an excerpt of 16 U Mass?
17 something? Where is the rest of the document? 17 A. Approximately $150,000.
18 MR. EMORD: He can tell us. 18 Q. Do you have any other income related to
19 MS. JOHNSON: It's your exhibit. 19 biodegradable plastics?
20 MR. EMORD: This is all we have. | 20 A. Interms of anything?
21 don't -- I have these two documents. Whether 21 Q. Anything.
22 there are other documents related to it, I'm sure 22 A. The royalty.
23 there probably are. 23 Q. Royalty income from?
24 MS. JOHNSON: Did you pull this off the 24 A. From a patent that's owned by the
25 website? 25 university.
46 48
1 MR. EMORD: It's in our discovery 1 Q. Now, you have been responsible for
2 materials. That's all I know. 2 bringing several research grants to U Mass Lowell,
3 MS. JOHNSON: There's no Bates number on 3 right?
4 it. 4 A. Yes.
5 MR. EMORD: Right. 5 Q. And as | understand it, it is the policy
6 A. I'm not sure what this is. 6 of U Mass Lowell, when a professor brings in a
7 Q. You don't know what year it is? 7 grant, to assign a portion of that grant money to
8 A. | mean, there is an indication that it's 8 do the research. That's the vast majority of it?
9 2007. 9 MS. JOHNSON: Objection. What's the
10 Q. Is this an accurate description of the 10 foundation?
11 functioning and purpose of the center, that is 11 Q. Hecan answer. The vast majority of it
12 Exhibit 5? 12 goes to the Research Center or whatever, the fund
13 A. At that time? 13 for the research. And then a portion goes to the
14 Q. At that time, roughly 2007/2008. 14 university. Do I have that right? Correct me if
15 A. I'm not sure. 15 I'm mistaken.
16 Q. You say in 2011 the center changed