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(57) Abstract: The invention relates to a biodegradable and compostable blend of polylactic acid, a compostable polyester with or
without carbon based biocontent, polyethylene glycol, and optionally an inorganic talc filler that have greatly increased elongation,
flexibility, and tensile toughness as measured by tensile test ASTM D638-10. These blends of PLA with 5-30% of said polyester, about
10% PEG, and about 5% of an inorganic talc filler unexpectedly increased the elongation to 750+ % for molded test bars. Additionally, 4
mil films showed a max tear strength of about 1200 gms (in MD) and 900 gms (in TD) measured by ASTM D1922-09 while maintaining
other preferable properties.
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BIOBASED POLYESTER BLENDS WITH ENHANCED PERFORMANCE
PROPERTIES

FIELD OF THE INVENTION

[0001] The present invention relates to a biodegradable and compostable blend of
polviactic acid (PLA) and compostable polyesters with or without bichased carbon content
having the general structure shown in FIG. 8, such as preferable, polybutylene adipate
co-terephthalate (PBAT) and polyethylene glycol (PEG) with the mentioned blend having
greatly unexpected increases in elongation, flexibility, and tensile toughness as measured
by ASTM DB638-10 compared to pure PLA or binary blends of PLA with PBAT, or with
PEG. For example, elongation increases in excess of 750+ % were achieved without
break.

BACKGROUND OF THE INVENTION
[0002] Poly(lactic) acid (PLA) is becoming a widely used material due to its biobased
conient and compostability. However, it has high rigidity and brittleness making it
unusable in flexible applications for packaging films, thermoformed sheets and molding
requiring higher toughness and reduced brittieness.
[0003] Several researchers have published work related to blending of plasticizers (such
as Polyethylene Glycol (PEG) and citrate esters) with PLA for improved flexibility. These
blends do show an increase in % elongation compared to pure PLA or to a blend of PLA
with a plasticizer of up to 10%. For example, Jacobsen and Fritz showed an increase in
% elongation up to 40% for 10 wt.% addition of PEG (with a molecular weight of 1500)
compared to a % elongation of PLA of <5% [1].
[0004] Plasticizers, however, tend to bleed out over time and can be of concern for several
products. PEG has been referenced many times in literature as being susceptible for
migration to the surface of products producing unsatisfactory results. Peng Cheng and
Yan Pengfei state that using PEG with Polybutylene adipate co-terephthalate (PBAT) and
PLA alioys results in poor material stability and unsatisfactory results [2]. Several patents
from Peng Cheng and Yan Pengfei use PLA/PBAT films. In one patent, they claim a

method of modifying PEG using a phthalic anhydride and multiple steps in a reaction
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vessel [2]. In a second patent, they claim a PBAT/PLA composite film made with PBAT,
PLA, Calcium carbonate, and an antibacterial titanate [3].
[0005] PLA is high in strength and modulus (60+MPa and 3.4 GPa, respactively) but brittle
(strain at break <5%) while PBAT is flexible and tough. As a result, of these
complementary properties, it is common to blend PLA with PBAT and other compostable
polyesters with or without biobased carbon content such as polybutylene succinate
(PBS), polybutylene succinate adipate (PBSA) and polycaprolactone (PCL). This
improves the performance of PLA without compromising iis biodegradability. P.
Hongdilokkul el al showed that addition of 20% PBAT with and without reactive additive
resuited in an increase in elongation up to 288% and 200% respeciively [4].

SUMMARY OF THE INVENTION
[0006] This invention relates to biodegradable and compostable blends of PLA,
compostable polyesters with or without biobased carbon content such as PBAT, and PEG
polymers. Unexpectedly, blends of PLA with from about 5 wit. % to about 30 wt.% PBAT
and about 7 wt. % to about 15 wt. % of PEG increased the elongation to 750+ % for molded
test bars as seen in FIGs 1d, 2, and 3. Additionally, 4 mil films showed a maximum tear
strength of about 1200 gms (in MD) and about 800 gms (in TD) while maintaining other
preferable properties.
[0007] This exceptional improvement in performance is unexpected and not predictable
by blend theory - blending immiscible polymers would induce phase separation and cause
reduction in properties. These immiscible polymer blends are often overlooked and
insufficient for many applications.
[0008] A biodegradable and compostable blend of thermoplastic polymers comprises
from about 50 wt.% to about 80 wi. % of one or more poly(lactic) acid (PLA) polymers
wherein said PLA polymer has a weight average molecular weight of from about 125,000
to about 200,000; from about 5 wt.% to about 30 wt.% of one or more compostable
polyesters with or without biobased carbon content wherein said polyester has a weight
average molecular weight of from about 80,000 to about 175,000; from about 7 wi.% to
about 15 wt.% of one or more PEGs with or without biobased carbon content wherein
said PEGs have a weight average molecular weight from about 2,000 to about 10,000;

wherein said weight percent is based upon the total weight of said one or more PLAs,
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said one or more compostable polyesters, and said one or more PEG polymers; and
wherein said blend has an elongation of at least 500% at according to ASTM Test D638~
10 for injection molded specimens.
BRIEF DESCRIPTION OF THE DRAWINGS

[0009IFIGS. 1a through 1d show mechanical properties of PLA/PBAT/PEG blends with
the formulations of Table 1,
[00101FIG. 2 shows stress strain curves of injection molded test bars made using binary
and ternary blends of Table 1;
[0011]FIG. 3 shows comparison of tensile strength vs % elongation to break of PLA with
binary and ternary blends of PLA, PBAT and PEG;
[0012]F1G. 4 shows tensile strength of blown films made with ternary blends of PLA,
PBAT and PEG compared with a control film F1 made with only PLA & PBAT,
[0013]FIG. 5 shows % tensile elongation of blown films made with ternary blends of PLA,
PBAT and PEG compared with a control film F1 made with only PLA & PBAT,
[0014]FIG. 6. shows elmendorf tear strength of blown films made with ternary blends of
PLA, PBAT and PEG compared with a control film F1 made with only PLA & PBAT,
[0015]FIG. 7 shows film quality of film F1-binary blend PLA/PBAT (Left) vs. F3-ternary
blend of PLA/PBAT/PEG (Right); and
[0016]FIG. 8. relates to compostable polyester formulas with or without biobased carbon
content.

DETAILED DESCRIPTION OF THE INVENTION
[0017) The poly(lactic) acid polymers of the present invention that are utilized in a
biodegradable and compostable polvester blend with PEG have a weight average
molecular weight of from about 125,000 to about 200,000, and desirably from about
125,000 to about 160,000. The molecuiar weight of the PLA polymers as well as the other
polymers set forth herein is determined by Gel Permeation Chromatography (GPC) using
polystyrene standards, a refractive index detector, and chloroform as the solvent. The
amount of the PLA can generally range from about 50 wt.% to about 80 wi. %, desirably
from about 60 wi.% to about 80 wt.%, and preferably form about 70 wi.% to about 80
wt. % based upon the total weight compaosition of the termnary blend of polymers of the



CA 03106448 2021-01-13

WO 2020/032931 PCT/US2018/045586
4

present invention. That is, one or more PLA polymers, one or more polyester polymers
such as PBAT polymers, and the one or more PEG polymers.

(08181 The one or more different polyester polymers include polymers having the
formulation as set forth in FIG. 8. That is, the polyester polymer can be a compostable
polyester, or one or more different types of compostable random copolyesters. The
molecular weight, i.e. “‘n” and “m” can vary provided that the fotal weight average
molecular weight of the polymer or copolymer polyvestier is within the ranges set forth
hereinbelow. Examples of desired polyester polymers include, but are not limited {o,
polybutylene succinate, PBS, polybutylene succinate adipate, PBSA, polycaprolactone,
PCL, and preferably polybutylene adipate co-terephthalate, PBAT, and the like, or any
combination thereof. Such polymers generally have a weight average of molecular weight
of from about 80,000 to about 175,000, and desirably from about 130,000 to about
160,000. The amounts of one or more different polyester polymers is generally from about
5 wt.% to about 30 wt. %, desirably from about 5 wt. % 1o about 20 wt.%, and preferably
from about 5 wt.% to about 15 wt.% based upon the total weight of the ternary blend of
polymers of the present invention.

[0019] The weight average molecular weight of the one or more PEG plasticizers, with or
without biobased carbon content, utilized in the present invention is generally about 2,000
to about 10,000, desirably from about 3,000 to about 7, 500, and preferably from about
5,000 to about 7,000. The total amount of PEG is generally from about 7 wt.% o 15 wt.%,
desirably from about 8 wt.% to 12 wt.%, and preferably from about 9 wt.% to about 11
wt.% based upon the total weight of the ternary blend of polymers of the present invention.
[0020] Various additives can be ulilized with a preferred additive being talc which can be
obtained from any source. Talc is utilized in the present invention as an inorganic filler
and processing aid. The mean size of the talc particles is generally from 1 ym to about 5
um. The amount of talc is generally from about 2 to about 10 wt. %, desirably from about
3 to about 7 wt.%, and preferably about 4 to about 6 wt.% based upon the total weight of
the ternary blend of polymers of the present invention

[0021]The above ternary blend of PLA, PBAT, and PEG can contain various other
additives therein such as UV light inhibitors, generally about 0.25 wt% and slip

compounds, generally about 0.25 wt.% based upon the total weight of the one or more
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PLA compound, the one or more polyester, and the one or more PEG compounds, i.e.,
the above noted thermoplastic ternary blend of polymers of the present invention.

[0022] Experimental:

[0023] Compounding was carried out in a LabTech Scientific LTE-26 co-rotating 26mm
twin screw extruder with an L/D ratio of 44:1. Samples were taken from the beginning,
middie, and end of each extrusion run and tested for ash and formulation consistency
using a muffle furnace and thermogravimetric analyzer (TGA) respectively. Compounded
blends were then converted into injection molded bars measuring 0.5 inches in width by
2.25 inches in length and extruded films for performance analysis.

[0024]11) Injection Molded Bars - Injection molding was carried out using a Toshiba
EC855X with an ASTM Test bar mold. Tensile test bars having a size of about 0.5 inches
by 2.25 inches were tested in accordance to ASTM DB38-10 on a QTest dual column
universal testing machine. Stress-strain curves were generated using load and extension
data. Properties reported include Tensile Modulus, Tensile Strength, and Elongation to
break or test failure. Notched lzod Impact data was gathered in accordance to ASTM
D256-10e1 using a Tinius Olsen Model IT504 pendulum impact tester. Specimens were
notched using a Tinius Olsen Model 899 Specimen Notcher.

[00258]2) Extruded Films: Films were exiruded at approximately 4 mil thickness on a
LabTech Scientific 20 mm compact blown film line type LE20/C. Two loading of 5 and
10% PEG were chosen at two different molecular weights of 6000 MN and 1500 MW.
Tensile strength and % elongation to break were measured one week after film production
in accordance to ASTM D882-10 using an Instron Model 5544 universal testing machine
with a 200 N load cell. Tear strength of the film was measured in accordance to ASTM
D1922-09 using an Elmendorf Thwing-Albert Protear testing machine.

[0026] Results and Discussion:

(002711} Injection Molding

[0028]) Ternary blends of Polylactic Acid (PLA), Polybutylene adipate co-terephthalate
(PBAT), and Polyethylene Glycol (PEG) were compounded in different ratios as
summarized in Table 1 for injection molding. Talc was added at 5 wt. % for ease of
processing on the compounding line. The objective was to improve mechanical

performance of PLA and study effect of addition of both PBAT and PEG in comparison to
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binary blends of these modifiers with PLA. %PBAT in formulation was varied from 0-30
wit. % while maintaining PEG at 10 wt. %, based on typical PEG use in previous studies by
other researchers [5] (bilends noted as IM1 through IM5). Additional blends were run in
the design of experiment with no PEG and only PBAT (IM6&) as a second control. Note
iIM1 and IM6 are binary blends of PLA with PEG and PBAT respectively.

Table 1. Injection Molding Formulation breakdown

Sample % PLA % PBAT | % PEG % Talc
M1 85 0 10
M2 80 5 10 5
M3 75 10 10 5
ivi4 70 15 10 5
IMS 65 30 10 5
Mo 60 30 0 10

[00298] Mechanical properties obtained by various ASTM tests are summarized in Table 2
below and plotted in FIG. 1 (a) — (d).

[00301FIG. 1a shows that impact strength increased from 8 J/igm to 26 Jigm with
increased PBAT content of 0% to 30 wt.%, at 10 wt.% PEG for blends M1 to IM5. Once
the PEG was removed in IM6 the impact strength decreased back down to 18 J/gm due
to total reduction in modifier wt. % as expected. PLA typically has an izod impact strength
of ~16 J/m [B]. One reason for the impact strength {o not increase significantly could be
the immiscibility of the PEG and PBAT in PLA resulting in distinct phases which were not
able to transfer the impact energy across the phases. FIGS. 1b and 1c¢ show effect of
increasing PBAT on the tensile modulus and tensile strength of these blends. The
modulus (stiffness) was highest at 725 MPa with 10 wt. % PEG and no PBAT in the blend.
As the amount of PBAT increased the stiffness or modulus decreased. The lowest
stiffness was obtained for highest PBAT loading in this study of 30 wt.% with 10 wit,%
PEG. Addition of PBAT, which is a very flexible polyester with a lower strength compared
to PLA, reduced the modulus and tensile strength of the blend, as expected, compared
to the binary blends of PLA and PEG.

[0031] Unexpected resulis were observed for the tensile elongation of the blends in FIG.
1d. Binary blends IM1 (PLA/ PEG) and IM6 (PLA/PBAT) showed higher elongation
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compared to that of PLA closer to 100 wt.%. However, any ternary blend of these three
ingredients increased the wt. % elongation beyond that predicted by blend theory. Even
addition of PBAT at 5 wi.% (IM2) was enough 1o increase the elongation by 626%
compared to the binary biend in IM1.

[0032] Generally, elongation values of at least 500%, desirably at least 550% or at least
600%, or even at least 650% and at least 700%, and at least 750% were obtained at
23°C. Also, unexpected tear strengths in the machine direction of 4mil film of at least 800
grams, desirably at least 900 or 1,000 grams, and preferably at least 1,100 or at least
1,200 grams were obtained in accordance with ASTM Test D1922-09. In addition, tear
strengths in the transverse direction of 4mil film of at least 500 grams, desirably at least
600 or 700 grams, and preferably at least 800 were obtained in accordance with ASTM
Test D1922-09

[0033] Note that when the elongation to break exceeded 800% the samples had a high
risk of slipping out of the grips resulting in an inaccurate elongation data. These have
been starred below in Table 2.

Table 2. Mechanical properties of injection Molded Test Bars

Sample Impact Tensile Ultimate Elongation to
Strength Modulus Tensile Break (%]}
{J/m} {MPa) Strength
{MPa)

Value | Stdev | Valug | Stdev | Value | St. dev | Value | St.dev
IM1 8.01 0.6 7257 N/A 43.3 0.47 117.2 | 106.9
IM2 10.9 1.3 651.8 N/A 38.7 0.1 7333 | 57.7
IM3 12.9 1.6 676.2 N/A 38.6 072 | 7563 | 756
M4 14.1 1.9 558.0 N/A 29.2 2.39 |9385*% 382
IMS 26.5 4.3 238.0 N/A 22,7 2867 |868.2%| 682
IM& 18.1 0.9 616.3 N/A 37.7 0.94 75.2 26.7

[0034] Stress strain curves in FIG. 2 clearly show an increase in the tensile toughness
(area under the curve) of ternary blends IM2 through IM4 compared to binary blends IM1.
[00358]FIG. 3 shows a comparison of the tensile strength and % elongation to break. The
difference between IM1 and IM2 is the addition of 5% PBAT. We see that there is a
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marginal drop in Tensile Strength, with a dramatic increase in % Elongation to break.
Further increasing the PBAT content seen in blends IM3, IM4, and iM5 yield diminishing
returns in improvements in elongation (o break while decreasing tensile strength and
mold-ability.

[0036] 2) Extruded Films:

(0037 Ternary blends of Polylactic Acid (PLA), Polybutylene adipate terephthalate
(PBAT), and Polyethylene Glycol (PEG) were compounded in different ratios as

summarized in Table 3 below for extruding films. Talc was added at 5% for ease of
processing on the compounding line. The objective was to improve mechanical
performance of PLA-based films and study effect of addition of PEG in comparison to a
binary blend of PLA/PBAT (F1) containing 30% PBAT. Two grades of PEG with 1,500
and 6,000 molecular weight were evaluated at let down of 5% and 10% each.

Table 3: Film Formulation Breakdown

Sample % PLA | % PBAT | %B6K % 1.5K % Talc
PEG PEG

F1 (Control) 65 30 0 0 5

F2 55 30 10 0 5

F3 60 30 5 0 5

F4 55 30 0 10 5

F5 60 30 0 5 5

[0038] Table 4 below summarizes mechanical properties of 4 mil thick extruded films
including tensile strength, elongation and elmendorf tear in both machine (MD) and
transverse directions (TD).
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Table 4. Mechanical properties of extruded film (4 mil thickness)

F1 F2 F3 F4 F5
Strength MD | Average 23 36 38 37 36
(MPa) Std Dev 5 1 1 4 1
Strength TD | Average 28 32 33 31 34
(MPa) Std Dev 2 1 1 3 3
Elongation Average 107 453 388 454 447
MD (%) Std Dev 73 15 25 6 14
Elongation Average 215 421 424 435 382
TD (%) Std Dev 1 3 17 42 75
Tear MD (g) | Average 192 1288 534 1229 282
Std Dev 27 180 124 147 24
Tear TD (g) | Average 101 880 222 414 146
Std Dev 26 241 5 23 18

[0039]FIG. 4 shows tensile strength of all the films. Film formulation F1 was control
formulation made with binary blend with PLA and PBAT. Formulations F2 and F3 were
made with a higher molecular weight (6000) PEG while F4 and F5 were made with
relatively lower molecular weight PEG (1500). Tensile strength was found to increase
compared to the binary blends even with addition of plasticizer indicating some interaction
within the three molecules. The Machine Direction saw an approximate 50% increase in
strength while the Transverse direction saw an approximate 15% increase in strength
compared to control film F1. As expected these tensile sirengths are siill less than that
for pure PLA (~60 MPA). No significant difference was observed in strengths of blends
made with different molecular weights of PEG.

[0040]In the previous section, formulations of injection molded test bars made with
ternary blends showed significant increase in % elongation compared to the binary
blends. Films F2-F5, in FIG & above, showed similar trends compared to binary blend F1.
An approximate 200 — 300% increase in % elongation was seen at all loading percentages
of the two different PEG grades. No difference in percent increase in % elongation to
break was seen between the two grades of PEG. The unexpected performance
improvement in % elongation was not dependent on molecular weight of PEG at least for
the range of 1500-6000 molecular weight.
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[0041] Eimendorf Tear of films is plotted in FIG. 8. An average 600% tear strength
improvement was seen in the Machine Direction (MD) and a 900% increase was seen in
the Transverse Direction (TD) for films made with ternary blends containing 10% PEG
with 6000 molecular weight compared to binary blend F1 containing no PEG. The tear
strength increase was reduced 1o 300% in TD with PEG at same loading but with lower
molecular weight. The tear strength improvement was further reduced in both MD and TD
at 5% let down of PEG compared to 10%. Higher plasticization effect obtained with higher
% PEG possibly explains the higher tear strength at 10%. Thus, at PEG loadings from
about 10 % in the machine direction, according to ASTM D1922-09 achieved tear
strengths of at least about 600 grams, desirably at least about 800 grams, or about 1,000
grams, and preferably at least about 1,200 grams.
[0042] Film processability was improved in the 10% PEG formulations. These films were
far superior to the control and 5% PEG formulations. As shown in FIG. 7 below less
wrinkles and smoother film were obtained with 10% PEG loadings. Extruding film with
high %PLA >50% and with improved tensile elongation and tear hasm’t been reported in
fiterature or produced commercially.
[0043]Summary:
[0044] Unexpectedly, the Blends of PLA with 5-30% PBAT and loadings of about 10%
PEG increased the elongation to 750% + for molded test bars as seen in FIG. 3.
Additionally, 4 mii films showed a max in tear strength of about 1200 gms {in MD) and
900 gms (in TD) while maintaining other preferable properties.
[0045) These biodegradable and compostable blend compositions with or without
biohased carbon content can be used in the manufacture of injection molded articles, in
film applications, and in packaging to provide improved tear strength.

» Molded articles showed increase in tensile elongation of 600-700%

+ 4 milfilms showed a maximum increase in tear strength of about 1200 gms (in MD)

and 900 gms (in TD)

[0046] This performance improvement was in comparison to binary blends of PLA/PBAT
or PLA/PEG (tested in this study) and other PLA blends reported in literature.
[0047]In conclusion, a typical non-compatibilized blend of PLA/PBAT was unexpectedly
compatibilized with a polyethylene glycol polymer {0 show increases in mechanical
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properties well beyond the binary blends of PLA-PEG or PLA-PBAT. These mechanically
superior ternary blends, show promise in many biobased and biodegradable product
applications including molded articles and packaging film.

[0048]While in accordance with the patenis statues, a best mode of preferred
embodiment of the invention has been set forth, the inventions limited by the claims set

forth herein.
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WHAT IS CLAIMED IS:

1. A biodegradable and compostable blend of thermoplastic polymers, comprising:

a ternary blend comprising:

from about 50 wt.% to about 80 wt.% of one or more poly(lactic) acid (PLA)
polymers wherein said PLA polymers, independently, have a weight average molecular
weight of from about 125,000 to about 200,000;

from about 5 wt.% to about 30 wt.% of one or more compostable polyesters
comprising polybutylene succinate (PBS), polybutylene succinate adipate (PBSA), and
polybutylene adipate co-terephthalate (PBAT) with or without biobased carbon content
wherein said polyesters, independently, have a weight average molecular weight of from
about 80,000 to about 175,000;

from about 7 wt.% to about 15 wt.% of one or more polyethylene glycols (PEGs)
with or without biobased carbon content, wherein said PEGs, independently, have a
weight average molecular weight of from about 2,000 to about 10,000;

wherein said weight percent is based upon the total weight of said one or more
PLAs, said one or more compostable polyesters, and said one or more polyglycol
polymers; and

wherein said ternary blend has an elongation of at least 500% at according to
ASTM Test D638-10 for injection molded specimens.

2. The ternary blend of the thermoplastic polymers of claim 1, wherein the elongation
of said blend is at least 600%.

3. The ternary blend of the thermoplastic polymers of claim 1, wherein the amount of
said one or more PLA polymers is from about 60 wt.% to about 80 wt.%.

4. The ternary blend of the thermoplastic polymers of claim 3, wherein the elongation
of the blend is at least 650%
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5. The ternary blend of the thermoplastic polymers of claim 1, wherein said one or
more PLA polymers, independently, have a weight average molecular weight of from
about 125,000 to about 160,000;

wherein the amount of said one or more polyesters is from about 5 wt.% to about
20 wt.%, wherein said one or more polyesters, independently, have a weight average
molecular weight of from about 130,000 to about 160,000; and

wherein the amount of said PEG is from about 8 wt.% to about 12 wt.%.

6. The ternary blend of the thermoplastic polymers of claim 5, where the elongation
of the blend is at least 700%.

7. The ternary blend of the thermoplastic polymers of claim 1, wherein the amount of
said one or more PLA polymers is from about 70 wt.% to about 80 wt.% wherein said one
or more PLA polymers, independently, have a weight average molecular weight is from
about 125,000 to about 160,000;

wherein said polyester is said polybutylene adipate co-terephthalate and wherein
the amount thereof is from about 5 wt.% to about 15 wt.%;

wherein the amount of said one or more PEG polymers is from about 9 wt.% to
about 11 wt.%, wherein said one or more PEG polymers, independently, have a weight
average molecular weight of from about 5,000 to about 7,000; and

wherein the elongation of the blend is at least 750%.

8. The ternary blend of the thermoplastic polymers of claim 1, wherein the tear

strength in the machine direction is at least 800 grams according to ASTM D1922-09.

9. The ternary blend of the thermoplastic polymers of claim 3, wherein the tear
strength in in the machine direction is at least 900 grams according to ASTM D1922-09.

10.  The ternary blend of the thermoplastic polymers of claim 5, wherein the tear

strength in the tear strength in the machine direction is at least 1,000 grams according to
ASTM D1922-09.
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11.  The ternary blend of the thermoplastic polymers of claim 7, wherein the tear

strength in the machine direction is at least 1,200 grams according to ASTM D1922-09.
12.  The temary blend of the thermoplastic polymers of claim 1, including from about 2
to about 10 wt.% of talc based upon the total weight of said one or more PLA polymers,
said one or more polyesters, and said one or more PEGs.

13.  The ternary blend of the thermoplastic polymers of claim 3, including from about 3
to about 7 wt.% of talc based upon the total weight of said one or more PLA polymers,
said one or more polyesters, and said one or more PEGs.

14.  The ternary blend of the thermoplastic polymers of claim 5, including from about 3
to about 7 wt.% of talc based upon the total weight of said one or more PLA polymers,
said one or more polyesters, and said one or more PEGs.

15.  The ternary blend of the thermoplastic polymers of claim 7, including from about 4
to about 6 wt.% of talc based upon the total weight of said one or more PLA polymers,
said one or more polyesters, and said one or more PEGs.

16.  Aninjection molded article comprising the ternary blend of claim 3.

17.  Aninjection molded article comprising the ternary biend of claim 7.

18.  Afilm comprising the ternary blend of claim 1.

19.  Afilm comprising the ternary blend of claim 7.

20. A packaging material comprising the temary blend of claim 1.
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