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PRODUCTION OF BIMODAL MOLECULAR WEIGHT
POLY(HYDROXYALKANOATES)

FIELD

[001] This disclosure relates to biodegradable polymeric compositions. More
particularly, this disclosure relates to a poly(hydroxyalkanoate) composition having a

bimodal molecular weight distribution and to a method for making such a composition.
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BACKGROUND

[002] Poly(hydroxyalkanoates) may be prepared by a ring opening polymerization
process. In such a polymerization, the physical properties of the polymer are often a
function of molecular weight. In order to obtain desirable physical properties, it is often

desirable to produce polymers with molecular weights that are as high as can be achieved.

[003] However, not all physical properties improve with increasing molecular weight.
Forinstance, melt viscosity is a strong function of molecular weight and thermal processing
of the polymer in typical conversion equipment can be difficult if the melt viscosity is too

high.

[004] Thus, it would be desirable to provide a poly(hydroxyalkanoate) composition
which has a high molecular weight and which exhibits many of the advantageous physical
properties associated with higher molecular weights, while at the same time, exhibiting a

lower melt viscosity typically associated with lower molecular weights.



WO 2023/009791 PCT/US2022/038817

SUMMARY OF THE INVENTION

[005] In response to the above and other needs, the present disclosure provides a
poly(hydroxyalkanoate) composition having a bimodal molecular weight distribution. In
other words, the molecular weight distribution of the poly(hydroxyalkanoate) in the

composition exhibits two distinct molecular weight peaks.

[006] In general, the composition comprises a first portion of a poly(hydroxyalkanoate)
and a second portion of the poly(hydroxyalkanoate). Each of the first portion and the
second portion has its own distinct weight average molecular weight. Thus, the first
portion of the poly(hydroxyalkanoate) has a first weight average molecular weight and the
second portion of the poly(hydroxyalkanoate) has a second weight average molecular
weight. According to the present disclosure, the second weight average molecular weight

which is at least 50 percent less than the first weight average molecular weight.

[007] More particularly, the first weight average molecular weight is typically at least
100,000 daltons, as determined by ASTM D5296. Preferably, the first weight average
molecular weight is at least 200,000 daltons, as determined by ASTM D5296. Even more
preferably, the first weight average molecular weight is at least 300,000 daltons, as

determined by ASTM D5296.

[008] By contrast, the second weight average molecular weight is preferably less than

about 25,000 daltons, as determined by ASTM D5296.

[009] With this difference in molecular weights, the composition typically has a
polydispersity of at least 1.9, as determined by ASTM D5296. More preferably, the
composition typically has a polydispersity from about 1.9 to about 3.5 as determined by
ASTM D5296

[010] Typically, the composition includes from about 90 to about 50 weight percent of
the first portion of the poly(hydroxyalkanoate) and from about 50 to about 10 weight
percent of the second portion of the poly(hydroxyalkanoate). More preferably, the
composition includes from about 85 to about 60 weight percent of the first portion of the
poly(hydroxyalkanoate) and from about 40 to about 15 weight percent of the second
portion of the poly(hydroxyalkanoate).
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[011] In some embodiments, the weight ratio of the first portion of the
poly(hydroxyalkanoate) to the second portion of the poly(hydroxyalkanoate) from about
1:1 to about 9:1

[012] The poly(hydroxyalkanoate) of the present composition comprises at least 10 mole
percent monomer repeat units of 3-hydroxypropionate. In certain embodiments, the
poly(hydroxyalkanoate) may comprise at least 25, at least 50, or at least 75 mole percent

monomer repeat units of 3-hydroxypropionate.

[013] In broad terms, the poly(hydroxyalkanoate) of the composition may be a
homopolymer, a copolymer, or a terpolymer. Thus, in certain embodiments, the

poly(hydroxyalkanoate) comprises a homopolymer, namely, poly(3-hydroxypropionate).

[014] In other embodiments, the poly(hydroxyalkanoate) comprises a copolymer or a

terpolymer which includes
[015] a first repeat unit which is (3-hydroxypropionate),

[016] a second repeat unit according to Formula I

OHnH
-lo-c—g—(lz Formula I
H R,
;and

[017] optionally, a third repeat unit according to Formula II,

0y
Fo-c-¢=¢
H R,

Formula II
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[018] wherein R1 and Rz are each independently selected from the group consisting of

linear or branched alkyl groups having from 1 to 22 carbon atoms.

[019] Insomeembodiments, this poly(hydroxyalkanoate) is more preferably a copolymer
and Ry is methyl. In such embodiments, the poly(hydroxyalkanoate) copolymer preferably
comprises from about 10 to about 90 mole percent of the first repeat unit and from about

90 to about 10 mole percent of the second repeat unit.

[020] In other embodiments, the poly(hydroxyalkanoate) is more preferably a terpolymer,
in which R1is methyl and Ry is propyl. In such embodiments, the poly(hydroxyalkanoate)
terpolymer preferably comprises from about 15 to about 75 mole percent of the first repeat
unit, from about 75 to about 15 mole percent of the second repeat unit, and from about 1

to about 5 mole percent of the third repeat unit.

[021] Advantageously, this bimodal poly(hydroxyalkanoate) composition has been found
to provide good physical properties associated with higher molecular weights while also

having a reduced melt viscosity.

[022] The present disclosure also provides various articles which incorporate the
aforementioned poly(hydroxyalkanoate) composition. In one embodiment, the disclosure
provides a film which is made up of a poly(hydroxyalkanoate) composition having a
bimodal molecular weight distribution. In another embodiment, the disclosure provides a
fiber which is made up of a poly(hydroxyalkanoate) composition having a bimodal

molecular weight distribution.

[023] In a further aspect, the present disclosure provides a method for making a
composition having a first portion of a poly(hydroxyalkanoate) and a second portion of the
poly(hydroxyalkanoate). According to one embodiment, the method includes a step of
polymerizing a first charge of at least one substituted lactone to produce a first portion of
a poly(hydroxyalkanoate) having a first weight average molecular weight. The method
also includes a step of polymerizing a second charge of the at least one substituted lactone
to produce a second portion of the poly(hydroxyalkanoate) having a second weight average
molecular weight. The second weight average molecular weight is at least 50 percent less

than the first weight average molecular weight.
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[024] The method further includes a step of blending the first portion and the second
portion to produce a final poly(hydroxyalkanoate).

[025] According to the present disclosure, the at least one substituted lactone includes
beta-propiolactone and the poly(hydroxyalkanoate) includes monomer repeat units of 3-

hydroxypropionate.

[026] In accordance with certain embodiments of the method, the

poly(hydroxyalkanoate) is a homopolymer, namely, poly(3-hydroxypropionate).

[027] In other embodiments of the method, the poly(hydroxyalkanoate) is a copolymer or

a terpolymer which is made up of
[028] a first repeat unit which is (3-hydroxypropionate),

[029] a second repeat unit according to Formula I

O nn
O"(,"‘(l,"((']_ Formula I
H R,

;and

[030] optionally, a third repeat unit according to Formula II,

0
-l-O—C—(E‘(; Formula II
H R,

[031] wherein R; and R» are each independently selected from the group consisting of

linear or branched alkyl groups having from 1 to 22 carbon atoms.
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[032] In some embodiments of the method, the first charge is preferably polymerized in
a first loop reactor. In some instances, the second charge is also preferably polymerized in

a second loop reactor.

[033] In accordance with some embodiments of the method, the step of blending the first
portion and the second portion is carried out by polymerizing the second charge to form

the second portion in the presence of the first portion.
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DETAILED DESCRIPTION

[035] The present disclosure provides a poly(hydroxyalkanoate) composition having a
bimodal molecular weight distribution. This poly(hydroxyalkanoate) composition is

industrially compostable and/or home compostable, as determined by ASTM D6400.

[036] In accordance with one embodiment, the composition is made up of a first portion
of a poly(hydroxyalkanoate) and a second portion of the poly(hydroxyalkanoate). The first
portion of the poly(hydroxyalkanoate) has a first weight average molecular weight and the
second portion of the poly(hydroxyalkanoate) has a second weight average molecular
weight which is at least 50 percent less than the first weight average molecular weight.
Further, according to the present disclosure, the poly(hydroxyalkanoate) is made up of at

least 10 mole percent monomer repeat units of 3-hydroxypropionate.

[037] In general, the poly(hydroxyalkanoate) of the composition may be a homopolymer,
a copolymer, or a terpolymer. Thus, in certain embodiments, the poly(hydroxyalkanoate)

is a homopolymer, namely, poly(3-hydroxypropionate).

[038] In other embodiments, the poly(hydroxyalkanoate) is a copolymer or a terpolymer

which is made up of
[039] a first repeat unit which is (3-hydroxypropionate),

[040] a second repeat unit according to Formula I

O HH
—[o—c—g-g Formula 1
H R,

; and

>

[041] optionally, a third repeat unit according to Formula II,
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O H H
-+O C C C Formula II
i R,

[042] wherein R; and Ry are each independently selected from the group consisting of

linear or branched alkyl groups having from 1 to 22 carbon atoms.

[043] In some embodiments, the poly(hydroxyalkanoate) is more preferably a copolymer
and Ri is methyl. In such embodiments, the poly(hydroxyalkanoate) copolymer is
generally made up of from about 10 to about 90 mole percent of the first repeat unit and

from about 90 to about 10 mole percent of the second repeat unit.

[044] In other embodiments, the poly(hydroxyalkanoate) is more preferably a terpolymer,
in which R1is methyl and R is propyl. In such embodiments, the poly(hydroxyalkanoate)
terpolymer is generally made up of from about 15 to about 75 mole percent of the first
repeat unit, from about 75 to about 15 mole percent of the second repeat unit, and from

about 1 to about 5 mole percent of the third repeat unit.

[045] According to certain embodiments, the composition includes from about 90 to
about 50 weight percent of the first portion of the poly(hydroxyalkanoate) and from about
50 to about 10 weight percent of the second portion of the poly(hydroxyalkanoate).

[046] In some embodiments, the weight ratio of the first portion of the
poly(hydroxyalkanoate) to the second portion of the poly(hydroxyalkanoate) from about
1:1 to about 9:1

[047] In some instances, the first weight average molecular weight is at least 100,000
daltons, as determined by ASTM D5296 and the second weight average molecular weight
is less than about 25,000 daltons, as determined by ASTM D5296.

[048] In certain embodiments, the composition has a polydispersity of at least 1.9, as

determined by ASTM D5296.
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[049] The bimodal poly(hydroxyalkanoate) composition according to the present
disclosure have been good physical properties associated with higher molecular weights

while also having a reduced melt viscosity.

[050] The present disclosure also provides various articles which incorporate the

aforementioned poly(hydroxyalkanoate) composition.

[051] For instance, in one embodiment, the disclosure provides a film which is made up
of a poly(hydroxyalkanoate) composition having a bimodal molecular weight distribution.
The film structure may be formed by blown film extrusion, cast film extrusion, or cast film
extrusion followed by biaxial orientation. Such films may be used in end applications such

as bags, pouches, food packaging, agricultural mulch film, and protective packaging.

[052] In another embodiment, the disclosure provides fibers which is made up of a
poly(hydroxyalkanoate) composition having a bimodal molecular weight distribution.
These fibers may be formed by extrusion as staple fibers, monofilament, or as nonwoven
webs. The fibers may be used in end applications such as textiles, wipes, diapers, hygiene

products, yarns, or geotextiles.

[053] In a further aspect, the present disclosure also provides a method for making a
poly(hydroxyalkanoate) composition having a bimodal molecular weight distribution. As
described above, the poly(hydroxyalkanoate) composition includes a first portion of a
poly(hydroxyalkanoate) and a second portion of the poly(hydroxyalkanoate), with each
portion having its own distinct weight average molecular weight and with the second
weight average molecular weight (i.e., of the second portion) being substantially lower than

the first weight average molecular weight (i.e., of the first portion).

[054] In general, according to the method, both the first and second portions of the
poly(hydroxyalkanoate) are formed by a ring opening polymerization of a substituted

lactone.

[055] Thus, the method includes a first step of polymerizing a first charge of at least one
substituted lactone to produce a first portion of a poly(hydroxyalkanoate) having a first

weight average molecular weight.

10
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[056] The method also includes a step of polymerizing a second charge of the at least one
substituted lactone to produce a second portion of the poly(hydroxyalkanoate) having a

second weight average molecular weight.

[057] The method also includes a step of blending the first portion and the second portion
to produce a final poly(hydroxyalkanoate).

[058] A wvariety of different forms of poly(hydroxyalkanoate), having a bimodal
molecular weight distribution, may be prepared according to the method of the present
disclosure. The nature of the poly(hydroxyalkanoate) is determined by the at least one

substituted lactone which is used a starting material.

[059] In general, the at least one substituted lactone comprises at least beta-propiolactone
and the resultant poly(hydroxyalkanoate) comprises monomer repeat units of 3-

hydroxypropionate which are formed from the ring opening of the beta-propiolactone.

[060] In some instances, beta-propiolactone is the only substituted lactone starting
material and the resultant poly(hydroxyalkanoate) is a homopolymer, namely, poly(3-
hydroxypropionate).

[061] In other embodiments of the method, the poly(hydroxyalkanoate) is a copolymer or

a terpolymer which is made up of
[062] a first repeat unit which is (3-hydroxypropionate),

[063] a second repeat unit according to Formula I

QHH
-{o-c—(.:—(l: Formula 1
H R,

and

[064] optionally, a third repeat unit according to Formula II,

11
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O H H
-+O C C C Formula II
i R,

[065] wherein R; and Ry are each independently selected from the group consisting of

linear or branched alkyl groups having from 1 to 22 carbon atoms.

[066] In some embodiments, the poly(hydroxyalkanoate) is preferably a copolymer in
which R1 is methyl. In such embodiments, the substituted lactone starting materials are
beta-propiolactone and beta-butyrolactone. For such poly(hydroxyalkanoate) copolymers,
the copolymer preferably comprises from about 10 to about 90 mole percent of the first

repeat unit and from about 90 to about 10 mole percent of the second repeat unit.

[067] In other embodiments, the poly(hydroxyalkanoate) is more a terpolymer, in which
R1 is methyl and R» is propyl. In such embodiments, the substituted lactone starting
materials are beta-propiolactone, beta-butyrolactone, and beta-valerolactone. For such
poly(hydroxyalkanoate) terpolymers, the terpolymer preferably comprises from about 15
to about 75 mole percent of the first repeat unit, from about 75 to about 15 mole percent of

the second repeat unit, and from about 1 to about 5 mole percent of the third repeat unit.

[068] Both the polymerization of the first charge to produce the first portion of the
poly(hydroxyalkanoate) and the polymerization of the second charge to produce the second
portion of the poly(hydroxyalkanoate) may be carried out on either a batch basis or on a

continuous basis.

[069] Forinstance, a batch of the first portion may be polymerized in a first batch reactor,
and a batch of the second portion may be polymerized in a second batch reactor. The first
and second portions of the poly(hydroxyalkanoate) may then be melt-blended for example

in an extruder or other melt mixing device.

[070] More preferably, however, both the first and the second portions of the

poly(hydroxyalkanoate) may be produced on a continuous basis. A preferred reactor for

12
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this continuous polymerization process is a loop reactor in which the reactants flow and
recirculate through a loop of piping. Monomer, catalyst, and new solvent are fed into this
loop at one spot, and reacted polymer is removed at a different spot in the loop in a

continuous fashion.

[071] In a particularly preferred embodiment, the method of the present disclosure may
be carried out using two loop reactors operating in series. The first charge of lactone,
along with catalyst and solvent, are added to a first loop reactor and polymerized therein
to produce the first portion of poly(hydroxyalkanoate) having the first (higher) weight
average molecular weight. Once polymerized, the first portion of the
poly(hydroxyalkanoate) is then transferred to a second loop reactor. The second charge of
lactone, along with catalyst and solvent, are added to the second loop reactor and
polymerized therein to produce the second portion of poly(hydroxyalkanoate) having the

second (lower) weight average molecular weight.

[072] Thus, according to this embodiment, the second charge is polymerized to form the
second portion in the presence of the first portion. It may be seen then that, according to
this embodiment, the step of blending the first portion and the second portion is carried out
by polymerizing the second charge to form the second portion in the presence of the first

portion.

[073] For both of the polymerization steps, suitable solvents for carrying out the reaction
include tetrahydrofuran and methyl (t-butyl ether). A catalyst or initiator is also preferably
used. Suitable catalysts or initiators include quaternary ammonium salts. The amount of
the catalyst or initiator may be different for the polymerization of the first charge and the
polymerization of the second charge. For the polymerization of the first charge to produce
the first portion of the poly(hydroxyalkanoate), the amount of catalyst or initiator is
preferably about 1 part catalyst or initiator to about 5000 parts of the first charge. For the
polymerization of the second charge to produce the second portion of the
poly(hydroxyalkanoate), the amount of catalyst or initiator is preferably about 1 part

catalyst or initiator to about 500 parts of the second charge.

[074] The present disclosure is also further illustrated by the following embodiments:

13
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[075] Embodiment 1. A composition comprising;

[076] a first portion of a poly(hydroxyalkanoate) and a second portion of the
poly(hydroxyalkanoate),

[077] wherein the first portion of the poly(hydroxyalkanoate) has a first weight average
molecular weight and the second portion of the poly(hydroxyalkanoate) has a second
weight average molecular weight which is at least 50 percent less than the first weight

average molecular weight and

[078] wherein the poly(hydroxyalkanoate) comprises at least 10 mole percent monomer

repeat units of 3-hydroxypropionate.

[079] Embodiment 2. The composition of Embodiment 1, wherein the
poly(hydroxyalkanoate) comprises poly(3-hydroxypropionate).

[080] Embodiment 3. The composition of Embodiment 1, wherein the

poly(hydroxyalkanoate) is a copolymer or a terpolymer which comprises
[081] a first repeat unit which is (3-hydroxypropionate),

[082] a second repeat unit according to Formula I

Qun
O"'C_(;_('/']_ Formula I
H R,

and

[083] optionally, a third repeat unit according to Formula II,

0o
_{O_C_?_? Formula II
H R,

14
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[084] wherein R1 and Rz are each independently selected from the group consisting of

linear or branched alkyl groups having from 1 to 22 carbon atoms.

[085] Embodiment 4. The composition of Embodiment 3, wherein the

poly(hydroxyalkanoate) comprises a copolymer and Ry is methyl.

[086] Embodiment 5. The composition of Embodiment 4, wherein the
poly(hydroxyalkanoate) copolymer comprises from about 10 to about 90 mole percent of

the first repeat unit and from about 90 to about 10 mole percent of the second repeat unit.

[087] Embodiment 6. The composition of Embodiment 3, wherein the
poly(hydroxyalkanoate) comprises a terpolymer, R1 is methyl, and Rz is propyl.

[088] Embodiment 7. The composition of Embodiment 6, wherein the
poly(hydroxyalkanoate) terpolymer comprises from about 15 to about 75 mole percent of
the first repeat unit, from about 75 to about 15 mole percent of the second repeat unit, and

from about 1 to about 5 mole percent of the third repeat unit.

[089] Embodiment 8. The composition of any of the preceding Embodiments, wherein
the composition comprises from about 90 to about 50 weight percent of the first portion of
the poly(hydroxyalkanoate) and from about 50 to about 10 weight percent of the second
portion of the poly(hydroxyalkanoate).

[090] Embodiment 9. The composition of any of the preceding Embodiments, wherein
the first weight average molecular weight is at least 100,000 daltons, as determined by
ASTM D5296 and the second weight average molecular weight is less than about 25,000
daltons, as determined by ASTM D5296.

[091] Embodiment 10. The composition of any of the preceding Embodiments, wherein

the composition has a polydispersity of at least 1.9, as determined by ASTM D5296.

[092] Embodiment 11. The composition of any of the preceding Embodiments, wherein
the weight ratio of the first portion of the poly(hydroxyalkanoate) to the second portion of
the poly(hydroxyalkanoate) from about 1:1 to about 9:1.

[093] Embodiment 12. A film comprising the composition of any of the preceding

Embodiments.

15
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[094] Embodiment 13. A fiber comprising the composition of any of the preceding

Embodiments.

[095] Embodiment 14. A method for making a composition having a first portion of a
poly(hydroxyalkanoate) and a second portion of the poly(hydroxyalkanoate), the method

comprising the steps of:

[096] polymerizing a first charge of at least one substituted lactone to produce a first

portion of a poly(hydroxyalkanoate) having a first weight average molecular weight;

[097] polymerizing a second charge of the at least one substituted lactone to produce a
second portion of the poly(hydroxyalkanoate) having a second weight average molecular

weight; and

[098] blending the first portion and the second portion to produce a final
poly(hydroxyalkanoate),

[099] wherein the at least one substituted lactone comprises beta-propiolactone and the

poly(hydroxyalkanoate) comprises monomer repeat units of 3-hydroxypropionate, and

[0100] wherein the second weight average molecular weight is at least 50 percent less than

the first weight average molecular weight.

[0101] Embodiment 15. The method of Embodiment 14, wherein the
poly(hydroxyalkanoate) comprises poly(3-hydroxypropionate).

[0102] Embodiment 16. The method of Embodiment 14, wherein the

2

poly(hydroxyalkanoate) is a copolymer or a terpolymer which comprises
[0103] a first repeat unit which is (3-hydroxypropionate),

[0104] a second repeat unit according to Formula I

16
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Oun
O"'C_(.j"('/']_ Formula I
H R,

;and
[0105] optionally, a third repeat unit according to Formula II,
onu
]
-+O-C—(|j—(|j Formula II
H R,

[0106] wherein R; and Ry are each independently selected from the group consisting of

linear or branched alkyl groups having from 1 to 22 carbon atoms.

[0107] Embodiment 17. The method of any of Embodiments 14 — 16, wherein the first

charge is polymerized in a first loop reactor.

[0108] Embodiment 18. The method of any of Embodiments 14 — 17, wherein the second

charge is polymerized in a second loop reactor.

[0109] Embodiment 19. The method of any of Embodiments 14 — 18, wherein the step of
blending the first portion and the second portion is carried out by polymerizing the second

charge to form the second portion in the presence of the first portion.

[0110] The foregoing description of preferred embodiments for this invention have been
presented for purposes of illustration and description. They are not intended to be
exhaustive or to limit the invention to the precise form disclosed. Obvious modifications
or variations are possible in light of the above teachings. The embodiments are chosen and
described in an effort to provide the best illustrations of the principles of the invention and
its practical application, and to thereby enable one of ordinary skill in the art to utilize the

invention in various embodiments and with various modifications as are suited to the

17
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particular use contemplated. All such modifications and variations are within the scope of
the invention as determined by the appended claims when interpreted in accordance with

the breadth to which they are fairly, legally, and equitably entitled.

18
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WHAT IS CLAIMED IS

Claim 1. A composition comprising:

a first portion of a poly(hydroxyalkanoate) and a second portion of the
poly(hydroxyalkanoate),

wherein the first portion of the poly(hydroxyalkanoate) has a first weight average
molecular weight and the second portion of the poly(hydroxyalkanoate) has a second weight
average molecular weight which is at least 50 percent less than the first weight average

molecular weight and

wherein the poly(hydroxyalkanoate) comprises at least 10 mole percent monomer

repeat units of 3-hydroxypropionate.

Claim 2. The composition of Claim 1, wherein the poly(hydroxyalkanoate) comprises

poly(3-hydroxypropionate).

Claim 3. The composition of Claim 1, wherein the poly(hydroxyalkanoate) is a

copolymer or a terpolymer which comprises
a first repeat unit which is (3-hydroxypropionate),

a second repeat unit according to Formula I

QHH
—}o-c—g-g{— Formula 1
H R,

:and

>

optionally, a third repeat unit according to Formula II,

19
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O H H
-[.0 C C C Formula II
i R,

wherein R; and R are each independently selected from the group consisting of linear

or branched alkyl groups having from 1 to 22 carbon atoms.

Claim 4. The composition of Claim 3, wherein the poly(hydroxyalkanoate) comprises

a copolymer and R1 is methyl.

Claim 5. The composition of Claim 4, wherein the poly(hydroxyalkanoate) copolymer
comprises from 10 to 90 mole percent of the first repeat unit and from 90 to 10 mole percent

of the second repeat unit.

Claim 6. The composition of Claim 3, wherein the poly(hydroxyalkanoate) comprises

a terpolymer, R1 is methyl, and Rz is propyl.

Claim 7. The composition of Claim 6, wherein the poly(hydroxyalkanoate) terpolymer
comprises from 15 to 75 mole percent of the first repeat unit, from 75 to 15 mole percent of

the second repeat unit, and from 1 to 5 mole percent of the third repeat unit.

Claim 8. The composition of Claim 1, wherein the composition comprises from 90 to
50 weight percent of the first portion of the poly(hydroxyalkanoate) and from 50 to 10 weight
percent of the second portion of the poly(hydroxyalkanoate).

Claim 9. The composition of Claim 1, wherein the first weight average molecular
weight is at least 100,000 daltons, as determined by ASTM D5296 and the second weight
average molecular weight is less than 25,000 daltons, as determined by ASTM D5296.

Claim 10. The composition of Claim 1, wherein the composition has a polydispersity
of at least 1.9, as determined by ASTM D5296.

20
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Claim 11. The composition of Claim 1, wherein the weight ratio of the first portion of
the poly(hydroxyalkanoate) to the second portion of the poly(hydroxyalkanoate) from 1:1 to
9:1.

Claim 12. A film comprising the composition of Claim 1.
Claim 13. A fiber comprising the composition of Claim 1.

Claim 14. A method for making a composition having a first portion of a
poly(hydroxyalkanoate) and a second portion of the poly(hydroxyalkanoate), the method

comprising the steps of:

polymerizing a first charge of at least one substituted lactone to produce a first portion

of a poly(hydroxyalkanoate) having a first weight average molecular weight;

polymerizing a second charge of the at least one substituted lactone to produce a second

portion of the poly(hydroxyalkanoate) having a second weight average molecular weight; and

blending the first portion and the second portion to produce a final

poly(hydroxyalkanoate),

wherein the at least one substituted lactone comprises beta-propiolactone and the

poly(hydroxyalkanoate) comprises monomer repeat units of 3-hydroxypropionate, and

wherein the second weight average molecular weight is at least 50 percent less than the

first weight average molecular weight.

Claim 15. The method of Claim 14, wherein the poly(hydroxyalkanoate) comprises
poly(3-hydroxypropionate).

Claim 16. The method of Claim 14, wherein the poly(hydroxyalkanoate) is a

copolymer or a terpolymer which comprises
a first repeat unit which is (3-hydroxypropionate),

a second repeat unit according to Formula I

21
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Onn
_l'O-C"'(lj"(': Formula I
H R,

;and

optionally, a third repeat unit according to Formula II,

n o
_[.0—(:-(;‘(; Formula I
H R,

wherein R; and R» are each independently selected from the group consisting of linear

or branched alkyl groups having from 1 to 22 carbon atoms.

Claim 17. The method of Claim 14, wherein the first charge is polymerized in a first

loop reactor.

Claim 18. The method of Claim 14, wherein the second charge is polymerized in a

second loop reactor.

Claim 19. The method of Claim 14, wherein the step of blending the first portion and
the second portion is carried out by polymerizing the second charge to form the second portion

in the presence of the first portion.
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