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Abstract Star-shaped poly(lactic acid)s (PLAs) with two to five arms were synthesized by ring opening polymerization using tin(ll) 2-ethylhex-
anoate as catalyst and polyols as initiators. The effects of molecular weight together with multi-arm architecture on crystallization behavior,
spherulite morphology and alkaline degradation behavior of star-shaped PLAs have been investigated. The results indicate that the multi-arm ar-
chitecture interfered with spherulite growth, but promoted nucleation and alkaline degradation of star-shaped PLAs. Interestingly, with the in-
crease of molecular weight (M,,), the crystallization rate first increased and then decreased, while the alkaline degradation rate was the opposite.
The characteristic crystallization and alkaline degradation behavior of star-shaped PLAs were discussed based on the competition between seg-

mental mobility and central core confinement.
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INTRODUCTION

Nowadays, plastics play an irreplaceable role in modern society.
However, the application of disposable plastic products gener-
ates massive amounts of solid waste, which puts a huge burden
on the environment.['"? Solid waste caused by synthetic plastics
has become a global problem. Thus, it is urgent to find alterna-
tives to traditional plastics. Poly(lactic acid) (PLA) is a biodegrad-
able, renewable, and compostable plant-based aliphatic
polyester that is widely regarded as a potential alternative to
conventional plastics.®= PLA has shown great application
prospects in the fields of packaging, agriculture and
biomedicine.” But the application is restricted by some intrinsic
shortcomings, such as brittleness and low thermal resistance 67!

In order to solve the above problems, chemical modifica-
tion of PLA is a common method. For decades, various kinds
of polylactides with complex molecular structures have been
synthesized and reported, such as star-shaped, comb-shaped,
dendrimer-like, branched, and hyperbranched.®9 Among
them, star-shaped PLAs have received extensive attention
due to their relatively simple preparation method and unique
properties. Star-shaped PLAs are generally synthesized by a
“core-first” strategy through ring-opening polymerization.®!
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The polyol initiators have been utilized as the polymer cores,
including glycerol, pentaerythritol, dipentaerythritol and
some sugar alcohols, etc.['"-11 Compared with linear PLAs,
star-shaped PLAs have a lower melting point and melt viscosi-
ty,[' so they can be processed at a lower temperature.

Many researchers have reported the physical and chemical
properties, crystallization and degradation behavior of star-
shaped PLAs. Tsuji et al.'" studied the effect of multi-arm on
the physical properties and crystallization behavior with lin-
ear and 3-arm poly(L-lactide) (PLLA). The results show that for
PLLA with the same molecular weight (M,), the glass transla-
tion temperature (Tg) and cold crystallization temperature
(T.o) of 3-arm PLLA are higher than those of linear PLLA. This is
because the branched structure reduces the chain motion of
the PLLA and is excluded from the crystalline region. Howev-
er, in other work, Tsuji et all'3! concluded that T is not affect-
ed by branches, but depends on M,. Kim et al.['dl Zhao
et all'”Vand Bikiaris et al'® found that the T of 4-arm and 16-
21-arm PLLA was lower than that of linear PLLA. Kim et al. be-
lieve that star-shaped PLLA has higher chain mobility due to
its larger free volume. While about the thermal and crystal-
lization behavior, all the above works give the similar conclu-
sion, that is, branches decreased the melting temperature
(T,) and disturbed the crystallization of PLLA. Furthermore,
Tsuji et al.'3! approved that T,, is determined by M, (arm) but
not by M,, and that branches had no significant effect on T,,..

There are several reports regarding the degradation of star-
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shaped PLAs.19-21] Numata et al.?" studied the degradation
behavior of PLA films with proteinase K and 1.0 mol/L NaOH
solution. The results showed that the degradation rate was
accelerated with the increase of branch number, and the en-
zymatic degradation of branched PLA was affected by stereo-
chemistry. In general, the branched structure and molecular
weight affect the thermal, crystallization and degradation
properties of star-shaped PLAs.[922231 Among them, the
branched structure is relatively complex, including the chain
directional change which is unvaried, and the initiator moiety
as an impurity in the middle of the molecule.

In this work, we focus on the overlapping effect of molecu-
lar weight and multi-arm architecture on the crystallization
behavior, spherulite morphology and alkaline degradation of
PLA, because the influence of multi-arm architecture strongly
depends on the molecular weight range. A series of linear and
star-shaped PLAs with varying molecular weights were syn-
thesized by ring-opening polymerization using tin(ll) 2-ethyl-
hexanoate (Sn(Oct),) as catalyst, with ethylene glycol, glyc-
erol, erythritol and xylitol as initiators, respectively. The crys-
tallization behavior, spherulite morphology and degradation
behavior of linear and star-shaped PLAs have been investigat-
ed by differential scanning calorimetry (DSC), polarized opti-
cal microscopy (POM) and gravimetric analysis in detail.

EXPERIMENTAL

Materials

The lactide (LA) monomer purchased from PURAC (Netherlands)
was recrystallized three times from ethyl acetate and vacuum
dried at least 48 h before use. Toluene was dried by azeotropic
distillation with sodium. Sn(Oct), was dissolved in dehydrated
toluene prior to use. Ethylene glycol was distilled over CaH, and
stored in sealed flasks under an argon atmosphere before use.
Erythritol and xylitol were dried in vacuum at 60 °C for 2 h prior
to use. Glycerol, HPLC grade tetrahydrofuran (THF), lab grade
methylene chloride, and lab grade methanol were used with-
out further purification.

Synthesis of Star-shaped PLAs

The star-shaped PLAs were synthesized via ring-opening poly-
merization of LA.?¥ Briefly, the monomer, initiator, toluene and
Sn(Oct), were placed into a reactor under argon atmosphere.
The polymerization was carried out at 110 °C under sealed con-
dition for 48 h. The product was purified three times by chloro-
form dissolution and precipitation of excess methanol. The pre-
cCipitate was dried in vacuum at 40 °C.

In order to synthesize PLAs with different arms and molecu-
lar weights. Ethylene glycol, glycerol, erythritol and xylitol
were used as initiators to produce linear (2a-), three-arm (3a-),
four-arm (4a-) and five-arm (5a-) PLAs, respectively. The
molecular weight of star-shaped PLAs was controlled by the
ratio of monomer to initiator. And, the theoretical number-
average molecular weight M, 4neor)/10° g-mol=" of PLAs were
indicated by the numbers following the sample codes 2a, 3a,
4a and 5a. As an example, the linear 2-arm PLA with the theo-
retical molecular weight of 15x103 g-mol-" was denoted as
2a-15.

Alkaline Degradation
To prepare amorphous samples, the samples were sandwiched

between two Teflon sheets and using another 0.1 mm thick
Teflon film as a spacer and pressed at 190 °C for 3 min, and then
quenched immediately into liquid nitrogen for 5 min to keep
the amorphous state. The specimen for degradation with di-
mensions of 10 mm x 10 mm X 0.1 mm was cut from melt-
quenched amorphous film. The alkaline degradation was car-
ried out in a vial filled with 5 mL of sodium hydroxide solution
(0.5 mol-L™", pH=14.0). The vial was placed into a mechanical
shaker with a speed of 100 r/min at 25 °C. After degrading for
different times (6, 12, 18 and 24 h), the film was washed with
distilled water several times and then freeze-dried under vacu-
um. All the dried films were weighted to determine the degra-
dation rate. The values of weight loss were calculated from the
average values of weight loss of three films. The mean errors
were less than 6%.

Characterization

The molecular weight and distribution of the synthesized star-
shaped PLAs were determined by Waters (Milford, MA) gel per-
meation chromatography (GPC) at 50 °C using a Shimadzu10A
system and 10A refractive index detector with Shodex K-806 M
and K-802 columns. Tetrahydrofuran (THF) was used as eluent at
a flow rate of 1.0 mL/min. The system was calibrated by using
polystyrene standards.

Differential scanning calorimetry (DSC) was conducted us-
ing a TA instrument DSC Q2000 equipped with a cooling ac-
cessory under a nitrogen flow of 50 mL/min. For the measure-
ment of glass transition temperature (Tg) and melting temper-
ature (T,,), the samples were kept at 200 °C for 3 min and then
cooled to 20 °C at a speed of 45 °C/min, and reheated to 200
°C at a heating rate of 10 °C/min. The T, was taken as the mid-
point of the change in heat capacity. For isothermal crystal-
lization tests, the specimens were rapidly cooled from 200 °C
to a desired isothermal crystallization temperature (T.) of
90-140 °C at a cooling speed of 45 °C/min. After the crystal-
lization completed, the specimens were reheated to 200 °C at
a heating speed of 10 °C/min.

The spherulitic morphology and spherulite growth rate
were estimated using Nikon (Tokyo, Japan) polarized optical
microscope (POM) equipped with a heating-cooling stage
and a temperature controller (LK-600PM, Linkam Scientific In-
struments, Surrey, UK). The films were heated to 200 °C and
kept for 3 min to remove the thermal history, and then cooled
to T, at a speed of 45 °C/min for isothermal crystallization.

RESULTS AND DISCUSSION

Synthesis and Characterization

To investigate the effect of molecular weight and multi-arm ar-
chitecture on the crystallization behavior, spherulite morpholo-
gy and degradation behavior of polymers, a series of star-
shaped PLAs with different molecular weights were synthesized.
The molecular weight of star-shaped PLA was controlled by reg-
ulating the molar ratio of monomer to sugar alcohol in feed. The
multi-arm architecture was confirmed by 'H-NMR as our previ-
ous work?d, The number-average molecular weights (M) and
polydispersity (M,,/M,,) of star-shaped PLAs used in this study
are summarized in Table 1. From the GPC results, unimodal dis-
tribution was found for all the synthetic samples and the poly-
dispersity was between 1.17 and 1.35. In addition, it was found

https://doi.org/10.1007/s10118-024-3229-y


https://doi.org/10.1007/s10118-024-3229-y
https://doi.org/10.1007/s10118-024-3229-y
https://doi.org/10.1007/s10118-024-3229-y
https://doi.org/10.1007/s10118-024-3229-y
https://doi.org/10.1007/s10118-024-3229-y
https://doi.org/10.1007/s10118-024-3229-y
https://doi.org/10.1007/s10118-024-3229-y

1950 Tian, N. et al./ Chinese J. Polym. Sci. 2024, 42, 1948-1956

Table1 Molecular characteristics and thermal properties of 2a-, 3a-, 4a- and 5a- PLAs.

Sample Mntheor.(g_m0|—1) MnGPC (g~mo|’1) PDIGPC TgDSC (oc) TmDSC (oc)
2a-15 15.0x10° 16.6x10° 1.33 53.9 162.2
2a-30 30.0x103 32.2x103 1.19 56.6 166.8
2a-45 45,0x103 44.3x103 1.28 57.1 170.8
2a-60 60.0x103 73.8x103 1.24 58.6 173.9
3a-15 15.0x103 12.1x10° 1.23 49.8 146.7
3a-30 30.0x103 33.3x103 1.35 555 164.9
3a-45 45.0x103 41.2x103 1.32 55.7 168.4
3a-60 60.0x103 73.5x103 1.19 59.2 171.2
4a-15 15.0x10° 15.4x10° 117 51.9 148.0
4a-30 30.0x103 32.1x103 1.25 54,9 161.1
4a-45 45.0x103 45.7x10° 1.29 55.7 165.1
4a-60 60.0x103 69.8x103 1.22 58.2 167.1
5a-15 15.0x10° 14.7x103 1.19 51.1 147.2
5a-30 30.0x103 31.9x103 1.21 52.0 155.1
5a-45 45,0x103 48.7x103 1.19 57.3 161.6
5a-60 60.0x103 71.9x103 1.23 58.4 167.7

that the molecular weight of PLAs increased with the increase of
the theoretic molecular weight.

Thermal Properties of Star-shaped PLAs
Fig. 1 shows the typical DSC heating curves of PLAs after cool-
ing. As listed in Table 1, the T, and Ty of star-shaped PLAs are in
the temperature range of 145-175 °C and 48-60 °C, respective-
ly, and both increase with the increase of molecular weight.

To compare the effect of multi-arm architecture on T, and
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Ty of PLAs, T, and Ty as functions of M, and M, per arm (M,
(arm)) are plotted in Fig. 2. It can be found that in the case of
similar M,,, the T,,, value gradually decreases with the increase
of arm number, while in the case of similar M,, (arm), the T,,
value of PLA with different arms is similar. This result indi-
cates that the crystalline thickness of star-shaped PLAs is de-
termined by M,, (arm) but not M,,, as reported by Tsuji et al.l'3],
and the multi-arm architecture does not affect the crystalline
thickness of PLAs.
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Fig.1 DSC heating thermograms of PLAs with a heating rate of 10 °C/min after cooling.
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Fig.2 TheT,and Ty of star-shaped PLAs as functions of M,, (a, ¢) and M,, (arm) (b, d).

As to the T, values, the influence factors are a little com-
plex. The Ty of linear 2a-PLAs were higher than those of star-
shaped PLAs when compared at similar M,, but lower when
compared at similar M,, (arm) (see Figs. 2c and 2d). By chang-
ing the chain architecture from linear to multi-arm, the cen-
tral core and the chain ends are the two main factors that af-
fect 7,18 For star-shaped PLAs with the same molecular
weight but different arm numbers, more number of arms re-
sult in decreased arm length and more chain ends. In this
case, on one hand, the limitation of central core on the seg-
mental mobility of each arm would increase. On the other
hand, the segmental mobility of molecular chains would in-
crease because the mobility of chain ends is higher than the
middle part of the chain.[2526] With the increase of M,, the ef-
fects of both central core and chain ends on the segmental
mobility would be weaken, this is why the T, differences de-
creased with the increase of the molecular weight. For PLAs
with the same arm length, the effect of the chain ends on the
segmental mobility is similar, but the limitation from the cen-
tral core would increase with more arms. Therefore, the T of
PLAs would become higher with the increase of the arm num-
ber at the same arm length.

Isothermal Crystallization Behavior

The crystallization behavior is extremely important for process-
ing and industrial application of polymers.?’28l Thus, the
isothermal crystallization of star-shaped PLAs was studied in de-
tail. Crystallization half-time (t,/,) is the time required to reach a
relative crystallization degree of 50%. The shorter t;,, means the
faster the crystallization rate. The dependence of t;/, value on

supercooling degree (AT =T, — T,) of PLAs are shown in Fig. 3. It
can be seen clearly that all the curves are unimodal, and the AT
corresponding to the fastest crystallization rate is in the temper-
ature range of 40-50 °C for relatively low molecular weight PLAs
and 60-70 °C for relatively high molecular weight PLAs.

To investigate the effect of multi-arm architecture on the
crystallization rate of PLA, the curves of t;;, versus M, or
M. (arm) after isothermal crystallization at AT=40 °C were
shown in Fig. 4. It was found that for star-shaped PLAs with
similar molecular weights, the t;,, value increases with the
number of arms, whether as a function of M,, or M, (arm) ex-
cept for 5a-60. On one hand, the more chain ends result in
higher chain mobility which can increase the crystallization
rate. Besides, the nucleation effect of central core increased
with the number of arms which can be seen clearly from the
following Fig. 5. On the other hand, the more chain direction-
al change and more complex initiator structure as an impuri-
ty can decelerate the spherulite growth rate.[®11.2930 The re-
sults suggested that the confinement on the crystallization
from the central core plays a significant role in affecting the
crystallization rate. For 5a-60, the nucleation effect is much
stronger as shown in Fig. 5, which is why its t/, is much lower.
Similarly, for star-shaped PLAs with similar arm length, the
crystallization rate also decreased with the increase of arm
number due to the limitation of the central core.

In addition, it can be found from Fig. 4(a) that the t;,, value
of PLAs crystallized at the same AT decreases first and then in-
creases with the increase of M,.. This is different from the law
that the crystallization rate of single-arm polymers decreases

https://doi.org/10.1007/510118-024-3229-y
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Fig. 4 Crystallization half-time as a function of (a) M,, or (b) M,(arm) for star-shaped PLA samples after isothermal crystallization at the

same AT (40 °C).

with the increase of molecular weight.332) Here, both the
central core and the molecular weight affect the crystalliza-
tion rate of PLAs. By increasing M,, the viscosity of polymers
would increase. Therefore, the segmental mobility would de-
crease, which would result in the decrease of crystallization
rate. But at the same time, the confinement from the central
core on the movement of polymer chains would decrease.
The results indicated that for star-shaped PLAs with M,, below
a certain value, the decreased confinement from the central
core with the increase of M, is dominant. While for PLAs with
M,, above a certain value, the decreased segmental mobility
from the high viscosity with the increase of M, is dominant.
Besides, it could be found that the M, corresponding to the
lowest t;,, value increases with the number of arms (about

30x103, 45x103, 45%103 and 260x103 g-mol~’ for 2a-, 3a-, 4a-,
and 5a-PLAs, respectively), which may be related to the fact
that PLA with more arms is more constrained by the central
core.

For star-shaped PLAs with the same number of arms, the
variation rule of t;,, with M,(arm) is similar to that with M,,, as
shown in Fig. 4(b). However, the M,(arm) corresponding to
the lowest ¢/, value decreases with the increase of arm num-
ber (about 15x103, 15x103, and 11.25x103 g-mol-' for 2a-, 3a-,
and 4a-PLAs, respectively) except for 5a-PLAs. This should be
assigned to the higher viscosity of PLAs with the much high-
er molecular weight.

Spherulitic Morphology and Radial Growth Rate
Fig. 5 shows the spherulite morphologies of all the star-shaped
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o M N

PLAs isothermally crystallized at AT=40 °C. It was found that the
spherulites of star-shaped PLAs with similar molecular weights
become smaller and more irregular as the number of arms in-
crease. Due to the same AT, the difference in spherulite size and
spherulite density should be assigned to the multi-arm struc-
ture. Thus, it could be concluded that the central cores can act
as heterogeneous nucleation sites, the more arms, the higher
nucleation ability.

Fig. 6 shows the relationship between the radial spherulite
growth rate (G) of the star-shaped PLAs at AT=40 °C and M,, or
M, (arm). It was found that for PLAs with similar molecular
weights, whether it as a function of M, or M,(arm), the G val-
ue decreases as the number of arms increase, indicating that
the multi-arm structure disturbs the spherulite growth of
PLAs. It can be seen from Fig. 6(a) that with the increase of M,,
the G value of star-shaped PLAs first increases and then de-
creases, and the M,, corresponding to the maximum G value is
around 45x103 g-mol-'. As shown in Fig. 6(b), the G values al-
so increase first and then decrease with the increase of
M, (arm). However, the M, (arm) corresponding to the maxi-
mum G value decreased with the increase of arm number
(about 22.5x103, 15%103, 11.25x103 and 8.75x103 g-mol-! for
2a-, 3a-, 4a- and 5a-PLAs, respectively). The results are in con-
sistent with those obtained in Fig. 4. The deviation between

W

SIP 4a-30, T.=121°C
P AL
!

i Oy Al

Fig.5 POM micrographs of star-shaped PLAs spherulites after melt-crystallized at different T (AT=40 °C).

the two results reflects the difference of crystallization rate
and spherulite growth rate. The former is not only deter-
mined by the latter, but also by the nucleation rate.

Alkaline Degradation

It has been reported that the degradation rate of crystalline
polymer is strongly affected by crystallinity and crystal
structure.33-3% Therefore, to avoid the influence of crystalliza-
tion on the degradation behavior of PLAs, amorphous films pre-
pared by melt-quenching were used for alkaline degradation.
The results of PLAs with a molecular weight of 15x10% g-mol™
are not compared because they are too brittle to form films. For
all star-shaped PLAs, it was found that the molecular weight and
polydispersity did not change significantly during the alkaline
degradation process (for simplicity, only the results of PLAs with
similar M,, of 30x10% g-mol™" are selectively listed in Table 2). The
results indicated that alkaline degradation does not occur in the
central core of the PLAs, but may preferentially occur at the
chain ends. The similar conclusion was also reported by
Numata et al.?"

To clarify the effect of molecular weight on the alkaline
degradation of PLAs, Fig. 7 shows the weight loss of different
films over time. It could be found that the degradation rate of
all star-shaped PLAs with the same arm number decreased
first and then increased with the increase of M,,, and the turn-
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https://doi.org/10.1007/s10118-024-3229-y
https://doi.org/10.1007/s10118-024-3229-y
https://doi.org/10.1007/s10118-024-3229-y
https://doi.org/10.1007/s10118-024-3229-y
https://doi.org/10.1007/s10118-024-3229-y
https://doi.org/10.1007/s10118-024-3229-y
https://doi.org/10.1007/s10118-024-3229-y

1954

10

Tian, N. et al./ Chinese J. Polym. Sci. 2024, 42, 1948-1956

10
a —&— 2a b —&— 2a
—e—3a —o—3a
8r —A— 43 8r —A— 43
- —w—5a - —v—5a
£ £
E 61 E 6f
1S 1S
= =
G G}
4t 4t
2+ 2}
10 20 30 40 50 60 70 80 0 6 12 18 24 30 36

Fig. 6
crystallization at AT=40 °C.
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The relationship between the spherulite radial growth rate and M, (a) or M,(arm) (b) of star-shaped PLAs during melt

Table2 Molecular weight (polydispersity) of star-shaped PLAs before and after alkaline degradation for different time.

Alkaline degradation time

Sample
Oh 6h 12h 18h 24h
2a-30 32.3x103(1.19) 33.2x103(1.18) 31.5x103(1.19) 32.5%103(1.17) 31.6x103 (1.18)
3a-30 33.3x103 (1.35) 31.3x103(1.33) 33.5%x103 (1.33) 34.9x103 (1.33) 33.4x10% (1.30)
4a-30 32.1x103 (1.25) 31.2x103(1.26) 33.5x103(1.24) 34.7x103(1.17) 33.5x103(1.16)
5a-30 31.9x103 (1.21) 29.6x103 (1.20) 32.2x103(1.19) 33.3x103(1.18) 31.8x103(1.18)
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Fig.7 Weight loss of star-shaped PLAs during alkaline degradation.

ing M, is in the vicinity of 45x103 g-mol-'. As mentioned
above, the restricted segmental mobility at higher M,, would
result in a slower degradation rate. Meanwhile, the restriction
of segmental motion contributed by the polymer core would
decrease, with increasing M,,, which actually accelerate the al-
kaline degradation. These results indicated that for star-

shaped PLAs with M, below a certain value, the reduction
segmental mobility related to M, is the key determining fac-
tor of the degradation rate. While for PLAs with the M,, above
a certain value, the decreased movement confinement from
the central core with the increase of M,, is dominate.

Further, the weight loss over time for the star-shaped PLAs
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Fig.8 Weight loss of star-shaped PLAs with similar molecular weights but different number of arms during alkaline degradation.

with similar M,, but different arm numbers is shown in Fig. 8. It
can be found that for star-shaped PLAs with relatively low-
molecular-weight (30103 g-mol-'), the alkaline degradation
rate increased with the increase of arm number. Conversely,
for PLAs with relatively high-molecular-weight (60x103
g-mol-), the degradation rate was similar. For star-shaped
PLAs with similar molecular weight but different arm num-
bers, more branched chains mean shorter arm length and the
more chain ends. Considering that the alkaline degradation
preferentially takes place at the chain ends, as we pointed out
in the previous, the more chain ends in star-shaped PLAs
would make the degradation rate accelerate. However, the
degradation rate could simultaneously decelerate due to the
stronger confinement from central core on account of the
shorter arm lengths. By comparing these two factors, it can be
seen that the acceleration effect of the chain ends plays a
dominant role in degradation. With the increase of M,,, the ef-
fects of central core and chain ends on alkaline degradation is
weakened, which is why the differences of degradation rate
becomes less obvious for relatively high-molecular-weight
PLAs.

CONCLUSIONS

In this study, a series of well-defined star-shaped PLAs with two
to five arms were successfully synthesized by ring-opening
polymerization with polyols as initiators. The crystallization be-
havior, spherulite morphology and alkaline degradation behav-
ior of star-shaped PLAs were investigated by DSC, POM and
gravimetry analysis. It was found that the T, which is an indica-
tor of crystalline thickness, is determined by M, (arm) but not M,,
suggesting that the multi-arm architecture does not affect the
crystalline thickness of PLAs. The Tgs of linear 2a-PLAs were
higher than those of multi-arm PLAs when compared at similar
M,, but lower when compared at similar M,(arm) due to the
complex effect of central core and chain ends.

For the crystallization of star-shaped PLAs, multi-arm archi-
tecture disturbs spherulite growth, but promotes nucleation,
and the effect becomes insignificant with the increase of M,,.
With the increase of AT, the crystallization rate of star-shaped
PLAs reaches a maximum value, which is attributed to the
competition between the increased chain mobility and the
reduced nucleation rate. With the increase of M,, the crystal-
lization rate reaches a maximum value, and the correspond-

ing M, increases with the increase of arm number. These re-
sults are associated to the decreased confinement from cen-
tral core and the decreased segmental mobility by increasing
M,.. For the degradation of star-shaped PLAs, the multi-arm
architecture promotes the alkaline degradation, but the influ-
ence becomes insignificant with the increase of M,. The
degradation rate of star-shaped PLAs with the same arm
number reaches the minimum value with the increase of M,,
corresponding to M, in the vicinity of 45x103 g-mol-', which
is also ascribed to the competition between the decreased
confinement from central core and the decreased segmental
mobility by increasing M,,.
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